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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL PROCESS CONTROL DEVICES -
RADIATION THERMOMETERS -

Part 2: Determination of the technical data
for radiation thermometers

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization conjprising
national electrotechnical committees (IEC National Committees). The object of JJEG/is to gromote
intgrnational co-operation on all questions concerning standardization in the electrical and electronic fidlds. To
this| end and in addition to other activities, IEC publishes International Standards, Technical Specifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (heredfter referred to ap “IEC
Pullication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intgerested
in {he subject dealt with may participate in this preparatory work. International, governmental and non-
rnmental organizations liaising with the IEC also participate in this prepatation. IEC collaborates |closely
the International Organization for Standardization (ISO) in accordance with conditions determiped by
agreement between the two organizations.

2) Thdg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interrjational
consensus of opinion on the relevant subjects since each technical committee has representation ffom all
interested IEC National Committees.

3) IEQ Publications have the form of recommendations for int€fnational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are_made to ensure that the technical content|of IEC
Pullications is accurate, IEC cannot be held responsible for the way in which they are used or for any

nterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC,National Committees undertake to apply IEC Publications
trarjsparently to the maximum extent possible_in “their national and regional publications. Any divgrgence
betyveen any IEC Publication and the corresponding national or regional publication shall be clearly indiqated in
the|latter.

5) IE( itself does not provide any attestation of conformity. Independent certification bodies provide corfformity
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
seryices carried out by independentcertification bodies.

6) Al

7) No [iability shall attach to IEC or its directors, employees, servants or agents including individual expefrts and
meinbers of its technical_.committees and IEC National Committees for any personal injury, property damage or
othér damage of any_nature whatsoever, whether direct or indirect, or for costs (including legal fegs) and
expenses arising out_of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Pullications.

isers should ensure that they have the latest edition of this publication.

8) Attgntion is drawn-to the Normative references cited in this publication. Use of the referenced publicajions is
indispensable for the correct application of this publication.

9) Attgntion~isndrawn to the possibility that some of the elements of this IEC Publication may be the subject of
patentrights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

+ the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

» the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62492-2, which is a technical specification, has been prepared by subcommittee 65B:
Measurement and control devices, of IEC technical committee 65: Industrial-process
measurement, control and automation.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
65B/844/DTS 65B/859/RVC

Full information on the voting for the approval of this technical specification can be found in

the re

port on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list

contral devices — Radiation thermometers, can be found on the IEC website.

The ¢

of all parts in the IEC 62492 series, published under the general title Industrialcpi

OCeSsS

ommittee has decided that the contents of this publication will remain-unchanged until

the sfability date indicated on the IEC web site under "http://webstore.iecich" in thg data
relatefd to the specific publication. At this date, the publication will be

+ trgnsformed into an International Standard,

* regonfirmed,

* withdrawn,

+ replaced by a revised edition, or

+ amended.

A bilirfgual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo-on the cover page of this publication inditates
that |it contains colours which are considered to be useful for the cqrrect
undefstanding of its contents. Users should therefore print this document using a

coloy

r printer.
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INDUSTRIAL PROCESS CONTROL DEVICES -
RADIATION THERMOMETERS -

Part 2: Determination of the technical data
for radiation thermometers

1 Scope

This part of IEC 62492, which is a Technical Specification, applies to radiation thermdmetry
and 4ddresses all technical data specified in IEC/TS 62492-1. It defines standarg test
methdds which can be used by the end user of radiation thermometers to)determine or
confirm the fundamental metrological data of radiation thermometers withrohe wavelength
rangeland one measurement field.

The purpose of this specification is to facilitate comparability and “testability. Thenefore,
unambpiguous test methods are stipulated for determining technical data, under standafdised
measliring conditions that can be performed by a sufficiently (Skilled end user to senve as
standgard performance criteria for instrument evaluation or sel€etion.

It is ot compulsory for manufacturers and sellers of rfadiation thermometers to include all
technical data given in this document in the data_sSheets for a specific type of radiation
thermpmeter. Only the relevant data should be{stated and should comply with this
speciffication and IEC/TS 62492-1.

NOTE | Infrared ear thermometers are excluded from this*Technical Specification.
2 Nprmative references

The fgllowing documents, in whole_or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amen@ments) applies.

IEC/TS 62492-1:2008,yIndustrial process control devices — Radiation thermometers — Rart 1:
Technical data for radiation thermometers

3 Terms;sdefinitions and abbreviations

3.1 LTerms and definitions

For the purposes of this document the following terms and definitions apply.

NOTE The terms and definitions listed below comply with IEC/TS 62492-1.

3.1.1
measuring temperature range
temperature range for which the radiation thermometer is designed

3.1.2

measurement uncertainty

parameter, associated with the result of a measurement, that characterises the dispersion of
the values that could reasonably be attributed to the measurand
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3.1.3

noise equivalent temperature difference

parameter which indicates the contribution of the measurement uncertainty in °C, which is due
to instrument noise

3.14

measuring distance

distance or distance range between the radiation thermometer and the target (measured
object) for which the radiation thermometer is designed

3.1.5

field-F'vre- W
a usually circular, flat surface of a measured object from which the radiation thermd@meter
receives radiation

3.1.6
distaJ\ce ratio
the ratio of the measuring distance to the diameter of the field-of-view, When the target is in
focus

3.1.7
size-gf-source effect
the dffference in the radiance or temperature reading of:the radiation thermometer |when
chanding the size of the radiating area of the observed source

3.1.8
emisgivity setting
ratio hetween the radiation emitted from this surface and the radiation from a blackbody jat the
same |temperature

Note 1|to entry: In most measuring situations'.alradiation thermometer is used on a surface with an enjissivity
significantly lower than 1. For this purpose maost thermometers have the possibility of adjusting the enissivity
setting] The temperature reading is then autamatically corrected.

3.1.9
spectral range
paranjeter which gives the'lower and upper limits of the wavelength range over whigh the
radiatjon thermometer colects radiation from a source

3.1.1¢
influegnce of the)internal instrument temperature
influ%nce of the'ambient temperature
temperature-parameter

paranmeter_which gives the additional uncertainty of the measured temperature |value
deper{ding on the deviation of the temperature of the radiation thermometer from the value for
which the technical data is valid after warm-up time and under stable ambient conditions

3.1.11

influence of air humidity

humidity parameter

parameter which gives the additional uncertainty of the measured temperature value
depending on the relative air humidity at a defined ambient temperature

3.1.12
long-term stability
the reproducibility of measurements repeated over a long time period

Note 1 to entry: The time period is typically three months or one year.
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3.1.13
short-term stability
the reproducibility of measurements repeated over a short time period

Note 1 to entry: The time period is several hours.

3.1.14

repeatability

twice the standard deviation of measurements repeated under the same conditions within a
very short time span

Note 1 to entry: The time span is several minutes

3.1.15
interghangeability
the mpximum deviation between the readings of two instruments of the samectype opdrating
under|identical conditions divided by two

3.1.1¢
respanse time
time ipterval between the instant of an abrupt change in the value”efthe input parametgr and
the instant from which the measured value of the radiation(thermometer remains within
specified limits of its final value

Note 1 [to entry: The input parameter is an object temperature or afn,object radiation, and the output value is an
output parameter.

3.1.17

expogure time

time qwterval between an abrupt rise and an_, abrupt fall in the value of the input parammeter,
such fhat the output value of the radiation thermometer reaches a given measurement value

Note 1[to entry: The input parameter is an object temperature or an object radiation.

3.1.18
warmtup time
time period needed for the(radiation thermometer, after switching on, before it opg¢rates
accorfling to its specifications

3.1.1¢
operdting temperature
the pgrmissible temperature range within which the radiation thermometer may be operated

Note 1 fto entryi=For this temperature the specifications are valid.

3.1.2(

operating air humidity range
the permissible humidity range within which the radiation thermometer may be operated

Note 1 to entry: For this humidity range the specifications are valid.

3.1.21

storage and transport temperature

the permissible ambient temperature range within which the radiation thermometer may be
stored and transported without suffering permanent change

3.1.22

storage and transport air humidity range
the permissible humidity range within which the radiation thermometer may be stored and
transported without suffering permanent change
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.23

safety
freedom from unacceptable risk

3.1

.24

risk
combination of the probability of the occurrence of harm and the severity of that harm

3.1

.25

harm
physical injury or damage to the health of people, or damage to property or the environment

3.1

.26

tolergble risk
risk which is accepted in a given context based on the current values of society

3.2

Abbreviations

FWHM Full width at half maximum

NETD Noise equivalent temperature difference

SSE Size-of-source effect

4

Measurement conditions

The fgllowing test conditions apply for all measureméants, if not stated otherwise:

a)
b)

h)

lalporatory ambient temperature range from 18.°C to 28 °C;

anly special ambient conditions (e.g. hUmidity range, maximum ambient tempe
change per time) and measurement conditions (e.g. measuring distance, radiating
diameter, response time) given by the;manufacturer for the specific radiation thermo
to|be adhered to;

rature
area
meter

the¢ radiation thermometer to, be connected to a power supply in accordance fo the

manufacturer’s instructions;

th¢ warm-up time specified/by the manufacturer to be adhered to;

infernal standardization-check (initial self-test) to be carried out, if available;
emissivity settingrset’'to 1 (one), if available;

th¢ reference.temperature source shall have a radiating area diameter as lar
pdssible and4n any case greater than the radiation thermometer field-of-view (target
digmeter;

all tests jhave to be performed with the reference temperature source set to a tempe
thatis significantly different from ambient temperature and the internal temperature

je as
area)

rature
of the

ragration tnermometer.

NOTE The reference temperature source is a radiation source of known radiation temperature in the spectral
range of the radiation thermometer. Usually it is a blackbody source realised by a cavity radiator of known
temperature. It will be called “reference source” throughout this document.

5

5.1

5.1

Determination of technical data

Measuring temperature range

| General

The purpose of this test is to determine the measuring temperature range. For this
temperature range, the measurement uncertainty remains within the specified limits.
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Measurement temperature range (5.1), as well as Measurement uncertainty (5.2) and Noise
equivalent temperature difference (5.3), are the most important parameters that specify a
radiation thermometer. These three parameters are correlated with each other and in general
noise equivalent temperature difference is larger at the lower limit of the measuring
temperature range where uncertainty is larger. This relation is demonstrated in Table A.1 and
the equation of Annex A.

NOTE Sometimes it is useful to determine additionally a wider indicating temperature range over which the
thermometer will display a temperature but its specifications are not guaranteed.

5.1.2 Test method

5.1.2.1_The determination of the mpneuring temperature range is Im:rfnrmnd in_accardance

with §.2.2 at the top and the bottom temperature of the specified measuring tempefrature
range

Determination of the indicating temperature range:

5.1.2.2 Sight the radiation thermometer at the centre of the radiating @rea of the refgrence
source.

5.1.2.8 The temperature of the reference source is sequentially, adjusted and stabiliged at
tempgratures around the minimum temperature and the . ‘maximum temperature qf the
indiczI:ing temperature range given by the manufacturer,“to determine the minimum and
maxinpum temperatures for which the radiation thermometer-is still indicating.

5.1.2.4 These two temperatures give the indicating témperature range.

5.2 |Measurement uncertainty

5.2.1 General

A detailed description of the different methods to determine the measurement uncertain{y and
its confidence level is beyond the'scope of this technical specification. In this technical
speciffication terms, concept and definition of uncertainty is based on ISO/IEC Guide 983 and
ISO/IEC Guide 99.

The described method is'a basic test of the measurement uncertainty across the measuring
tempgrature range.

5.2.2 Test method

5.2.2. Sighi-the radiation thermometer at the centre of the radiating area of the refgrence
source.

5.2.2. he temperature of the reference source Is sequentially stabilised at, at least, three
temperatures distributed at the top, the bottom and an intermediate temperature of the
measuring temperature range (see Note 1 of 5.2.2.5).

5.2.2.3 The temperature of the reference source and the temperature indicated by the
radiation thermometer are recorded. The difference between these two values is calculated
and recorded.

5.2.2.4 The test sequence is performed three times for the same three calibration points. An
average temperature difference is calculated and recorded for each calibration temperature
point.

5.2.2.5 The value of the measurement uncertainty of the radiation thermometer at each
calibration temperature is taken to be the average difference determined in 5.2.2.4 plus the
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temperature uncertainty of the reference source in respect to the current International
Temperature Scale.

NOTE 1 The number of temperature points depends on the requirements of the specific thermometer and its
application.

NOTE 2 For radiation thermometers with more than one measuring temperature range each range is calibrated as
if it were a separate instrument.

Due to the small number of observations care shall be taken not to infer too much significance
from this basic test (i.e. no confidence level can be given).

In orcwmmwm—mmm and
measyirement uncertainty with the data provided by the manufacturer, the temperature

unceriainty of the reference source shall be significantly smaller than the uncertainty pf the
radiatjon thermometer.

5.3 |Noise equivalent temperature difference (NETD)
5.3.1 General

The purpose of this method is to determine the NETD. The measured temperature and the
respopse time of the radiation thermometer are to be stated_with the NETD. For |some
instruments the NETD depends on the instrument or ambient temperature. For |these
instruments the instrument or ambient temperature also~has to be stated. For low cost
instruments the NETD may be limited by their resolution:

The NETD is generally largest at the lowest tempetature of the measuring temperature ffange.
When|using electronic measuring equipment, itskbandwidth shall be noted or set accordingly.
In particular, the bandwidth of the radiation thefmometer shall not be limited by the banqwidth
of th¢ external measuring equipment. In<contrast to the other metrological datg, the
confidence level in this case is 68,3 % (standard uncertainty, k = 7).

5.3.2 Test method

5.3.2.1 Sight the radiation thermometer at the centre of the radiating area of the refgrence
sourc

1%

5.3.2.2 The temperature®of the reference source is stabilised at a temperature withjn the
measliring temperatdre“range of the radiation thermometer. The greatest expected |noise
amplijudes may not.exceed the limits of the measuring temperature range.

5.3.2.3 The total measurement time is at least 100 times the set response time ¢f the
radiatjon thetmometer with at least 100 measured values taken.

5.3.2.4 re—N
measured values,
response time.

of-the mofTete cate et-as-the—stanc 2 of the
and stated together with the reference source temperature and the set

Noise caused by the temperature stability of the reference source and additional
measurement equipment shall be significantly lower than the noise of the radiation
thermometer.

According to 5.3.1 the NETD is expected to vary across the measuring temperature range.
Therefore, for completeness, the NETD should be determined at a minimum of two
temperatures, one of which is the lowest measuring temperature.
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Measuring distance

For this distance or distance range the specifications are valid, if not stated otherwise. No

spec

ific test method is needed.

NOTE The calibration of a radiation thermometer, with respect to a reference source of the same area, gives
different results at different distances due to the SSE of the instrument.

s the

5.5 Field-of-view (target size)

5.5.1 General

Its magnitude—is—determined—by-theoptical-compeonents—intheradiatonthermometer—A4
field-gf-view is not sharply defined, it is necessary to state the diameter of the field-ofv
which| the radiation signal has dropped to a certain fraction of its total integrated

(hemigpherical value or the value for an infinitely extended source). The fraction.value s
be at |east 90 %; typical values are 90 %, 95 % and 99 %.

For

impragticable to relate the field-of-view to a hemispherical value. In this case it is alloy

relate| the given field-of-view to a larger source (e.g. twice as largedin area as the figld-of-

view

As the field-of-view value depends on the measuring distance, it is necessary to sta
measyring distance in addition to the fraction.

The

gome radiation thermometers, especially for high temperature) Vinstruments,

).

transfer function between the measured radiation (input parameter) and tempe

ew at
value
hould

it is
ed to

e the

rature

(output parameter) is non-linear. As an example the change in indicated tempefature

corregponding to a 1 % change in the radiation-'exchange with a radiation thermomse
given|in Annex A. The field-of-view is therefefe either defined for the fraction of meg
radiatfon or, for instruments which only read directly in temperature, it is necessary to s

ach

comparison to the total integrated value (hemispherical value or the value for an inf
extengled source). As a minimum, thése values should be given for the top, middle and b

of th

The

signall or temperature versus'source size (size-of-source effect).

1

(%)

Relative signal

anpge in the measured temperature in*°C at a given temperature for the field-of-v

e|temperature range.

domplete field-of-view, information would be a graph (see Figure 1), which show

ter is
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pecify
ew in
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Figure 1 — Relative signal to a signal at a defined aperture size (source size) of 100 mm
in diameter for two infrared radiation thermometers A and B versus the source diameter
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Explanation of Figure 1: The field-of-view diameter (target diameter) is stated as 1,8 mm for
each of the two radiation thermometers A and B. For radiation thermometer A, this
corresponds to 95 % of the maximum measuring signal, while for radiation thermometer B it
corresponds to 90 % of the maximum measuring signal. The figure indicates the change in the
measuring signal with the change in source diameter. In order to achieve 98 % of the
maximum measuring signal, a source diameter of 4,5 mm is required for radiation
thermometer A while a source diameter of 13 mm is required for radiation thermometer B. The
maximum measuring signal in this example is determined at a source (aperture) diameter of
100 mm and is taken to be 100 % of the hemispherical value.

The foIIowmg test method determines the dlameter of the f|eId of-view at which the S|gnal has

hemislpherical value or the signal at a defined aperture size of the source.

5.5.2 Test method

5.5.2.1 Sight the radiation thermometer at the centre of the radiating-area of the refgrence
source at the specified measuring distance. Position an iris diaphragm in front of and
concentric with the opening of the reference source. The minimum-opening of the refgrence
source shall be large enough so as not to obstruct the optical path (i.e. the nominal figld-of-
view as specified by the manufacturer) of the radiation thermoemeter when the thermometer is
sightgd through the plane of the iris and the iris is set at a diameter of at least twice th¢ field-
of-viewv of the instrument.

5.5.2.p The temperature of the reference source.is stabilised at a temperature near the top
of themeasuring temperature range of the radiation thermometer.

5.5.2.3 The iris is adjusted to a diameteroslightly smaller (typically 10 % less) thgn the
expegted field-of-view.

5.5.2.4 The position of the radiation)thermometer is adjusted vertically and horizontally and
focused if applicable to producelmaximum output while also maintaining the line of| sight
perpepdicular to the iris.

5.5.2.p The iris is opened to the point where the temperature indicated by the radiation
thermpmeter stops inCreasing, but its diameter is still smaller than the reference dource
opening. In this case, the field-of-view is defined in terms of the 99 % fraction ¢f the
hemispherical value.: If the temperature indicated by the radiation thermometer dogs not
stabilize after exceeding the largest possible iris diameter, the field-of-view is defined in|terms
of the]l maximum iris diameter for which the temperature source does not obstruct the gptical
path gf the-radiation thermometer.

5.5.2. Fhe—iris—diameter—is—decreased—unti—the—radiatiom—meastred by the—radiation
thermometer decreases by 1 % of the original signal or the temperature indicated by the
radiation thermometer decreases by the amount appearing in Annex A.

5.5.2.7 The value for the field-of-view at the measuring distance chosen is taken to be the
diameter of the iris opening for which the radiant power received by the radiation thermometer
or the temperature indicated by the radiation thermometer has been reduced according to
5.5.2.6.

The reference source shall have a stable and homogenous radiance temperature within its
radiating area (i.e. the temperature and emissivity of the source shall not change when
changing the size of the radiating area or such changes have to be corrected).

The iris shall be kept cool enough so that its thermal emission does not contribute
significantly to the output signal. In most cases the error is insignificant if the iris is
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maintained near room temperature and the temperature of the reference source is at or above
200 °C.

5.6 Distance ratio

As the distance ratio is defined as the ratio of the measuring distance to the diameter of the
field-of-view no specific test method is needed.

5.7 Size-of-source effect (SSE)
5.7.1 General

To dgscribe the SSE the difference in the radiance or temperature reading of the radiation
thermpmeter when changing the size of the radiating area of the observed source ‘shjall be
. The complete information would be a graph, which shows the signal or‘temperature
readirjg versus source diameter (see Figure 1).

To simplify the SSE statement and make it more comparable, the folowing measurgment
condifions shall be used as far as possible: the SSE is to be statedat’a given measguring
distanlce, measured temperature and ambient temperature, when observing a target with the
area ¢f the nominal field-of-view and twice the area of the nominal field-of-view or mor¢ than
twice the area of the nominal field-of-view. In the latter case, the\area should be specified.

The §SE is either defined as the relative change in the obsérved radiance or, for instruments
which| only read in temperature, as the absolute chapg€ in the measured temperatur¢ at a
given| temperature, when changing the observed (arget area. Since the latter def]nition
depends on the source temperature it is necessary to state the SSE at the top, middle and
bottom temperatures of the measuring temperatureirange.

The fgllowing test method determines the SSE when increasing the area of the target frgm the
nominal field-of-view to twice the field-of-view. With the size-of-source effect it is necesgary to
state the measuring distance, the measured temperature and the surrounding temperatjre of
the squrce.

5.7.2 Test method

5.7.2.1 Sight the radiation thermometer at the centre of the radiating area of the refgrence
sourcg at the specifiedimeasuring distance. Position an iris diaphragm in front of and
concentric with the opening of the reference source. The minimum opening of the refdrence
source shall be large enough so as not to obstruct the optical path of the radiation
thermpmeter, i©."the nominal field-of-view as specified by the manufacturer, when the
thermpmeter iS'sighted through the plane of the iris and the iris is set at a diameter of af least

5.7.2.
of the measuring temperature range of the radiation thermometer.

e top

5.7.2.3 The iris is adjusted to a diameter slightly smaller (typically 10 % less) than the
expected field-of-view.

5.7.2.4 The position of the radiation thermometer is adjusted vertically and horizontally and
focused if applicable to produce maximum output while also maintaining the line of sight
perpendicular to the iris.

5.7.2.5 The iris is opened to the diameter specified as the nominal field-of-view by the
manufacturer and the radiation signal or the temperature indicated by the radiation
thermometer is recorded.
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5.7.2.6 The iris area is increased to an area twice the nominal field-of-view of the radiation
thermometer. The radiation signal or the temperature indicated by the radiation thermometer
is recorded.

5.7.2.7 The relative change in radiance reading or the absolute change in temperature
reading when changing the size of the iris is recorded as the SSE of the radiation
thermometer.

5.7.2.8 For radiation thermometers which indicate temperature the test method is repeated
for a temperature of the reference source stabilized near the middle and bottom of the
temperature range.

The rgference source shall have a stable and homogenous radiance temperature witll\in its
radiating area (i.e. the temperature and emissivity of the source shall not change |when
chandging the size of the radiating area or such changes have to be corrected).

The iris shall be kept cool enough so that its thermal emission doeés not confribute
significantly to the output signal. In most cases the error is insighificant if the [ris is
maintained near room temperature and the temperature of the reference source is at or above
200 °C.

5.8 |[Emissivity setting

The rgange and the resolution of the emissivity setting shall be given by the manufacturdr. For
information on the internal emissivity correction procedure the manufacturer has [to be
contagted. A test method for the emissivity setting{is beyond the scope of this technical
specification.

5.9 |[Spectral range

A testimethod for the determination of th@,Spectral range is beyond the scope of this technical
speciffication.

The spectral range is given in_um*or nm. The lower and upper wavelength limits at whi¢h the
spectfal responsivity has reached 50 % of the peak responsivity are given as the spectral
range} Alternatively, a mean wavelength and full wavelength width at which the respomnsivity
has rgached 50 % of thespeak sensitivity (full width at half maximum (FWHM)) are given,

For gome radiation~ thermometers, especially for narrow band or spectral radiation
thermpmeters, _it)'is more useful to give lower and upper wavelength limits at whigh the
spectral responsivity has reached significantly less than 50 % of the peak responsivity (e.g.
10 %)| In thisxcase the criteria for the wavelength limits have to be stated.

5.10 |[Influence of the internal instrument or ambient temperature (temperature
parameter)

5.10.1 General

The technical data of a radiation thermometer, e.g. the measurement uncertainty, shall be
valid over the complete operating instrument or ambient temperature range and air humidity
range, if not stated otherwise. If the measurement uncertainty is not valid in the complete
operating instrument or ambient temperature range, the manufacturer shall state a
temperature parameter which gives the additional measurement uncertainty when the
instrument or ambient temperature deviates from a given reference temperature after warm-
up time and under stable ambient conditions. It is given as the absolute or relative increase in
the uncertainty of the measured value when the instrument or ambient temperature deviates
from the reference temperature.
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5.10.2 Test method

5.10.2.1 The radiation thermometer is operated in an adjustable temperature enclosure (e.g.
climate chamber) at the instrument reference temperature given by the manufacturer. For
instruments with no internal temperature indication the ambient temperature (i.e. the
temperature of the climate chamber) shall be used as the instrument reference temperature.

5.10.2.2 Sight the radiation thermometer at the centre of the radiating area of the reference
source.

No window should be used between the radiation thermometer and the reference source. If a

window—ts—used—the—inflorence—of-the—window—on—the—temperature—indicated—by—the—radiation

thermpmeter shall be corrected for.

5.10.2.3 The temperature of the reference source is stabilised near the (hottom ﬂ)f the
measyring temperature range of the radiation thermometer. If another sourcetemperafure is
used, [this should be stated.

5.10.2.4 The temperature of the reference source and the temperature indicated Ry the
radiatjon thermometer are recorded. The difference between these tWwo values is calcplated
and rgcorded.

5.10.2.5 The radiation thermometer is stabilised at the. minimum internal tempefature
specified by the manufacturer.

5.10.2.6 The temperature of the reference source“and the temperature indicated Ry the
radiatjon thermometer are recorded. The difference between these two values is calctylated
and recorded.

5.10.2.7 The radiation thermometer is-istabilised at the maximum internal tempefature
specified by the manufacturer.

5.10.2.8 The temperature of the_reference source and the temperature indicated hy the
radiatjon thermometer are recorded. The difference between these two values is calculated
and recorded.

5.10.2.9 The value of‘the measurement uncertainty of the radiation thermometer at| each
internpl temperature_is taken to be the difference determined in 5.10.2.4, 5.10.2.¢ and
5.10.4.8 plus the._temperature uncertainty of the reference source in respect to the current
Internptional Temperature Scale. From these uncertainties the temperature parameter pf the
radiatjon thermometer, as the absolute or relative increase in uncertainty as the ambient
tempgrature deviates from the reference temperature, is derived.
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Moisture condensation on the radiation thermometer (i.e. on the optics) shall be avoided
throughout the test.

In order to use this method to test for compliance of the temperature parameter with the data
provided by the manufacturer the temperature uncertainty of the reference source shall be
significantly smaller than the uncertainty of the radiation thermometer.

The minimum time necessary for the thermal stabilisation of the radiation thermometer has to
elapse after each change of temperature of the climate chamber. This stabilisation time might
be longer than the climate chamber stabilisation time.
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5.11 Influence of air humidity (humidity parameter)

The technical data of a radiation thermometer, e.g. the measurement uncertainty, shall be
valid over the specified measuring distance and operating temperature range and air humidity
range, if not stated otherwise. If within the specified measurement distance range the
measurement uncertainty is not valid in the complete operating air humidity range, the
manufacturer shall state a humidity parameter which gives the additional measurement
uncertainty when the air humidity deviates from a given reference humidity.

A deviation of the air humidity from the reference air humidity leads to an additional
uncertainty in temperature measurement. The humidity parameter gives the additional
uncertai i i i idity at a
defindd ambient temperature. It is given as the absolute or relative increase in uncertainty in
the measured value per percentage change in the air humidity relative to the-refdrence
humidity.

For the determination of the humidity parameter well defined atmospheric conditions
regardling the chemistry and temperature of the atmosphere have to-be realised. A test
methdd for the humidity parameter is beyond the scope of this technicalsspecification.

5.12 |Long-term stability
5.12.1 General

The Igng-term stability should be stated in °C over a time,span of 90 days or over one ydar.

The Ipng-term stability depends on the stability<of*the mechanical, electrical and gptical
components of the radiation thermometer, the measured temperature and the confidencgq level.

5.12.2 Test method

5.12.2.1 Sight the radiation thermometer at the centre of the radiating area of the refdrence
source.

5.12.2.2 The temperature of:the reference source is stabilised at a temperature withjn the
measliring temperature range. of the radiation thermometer.

5.12.2.3 The total measurement time is at least 10 times the set response time ¢f the
radiatjon thermometér)with at least 10 measured values of the temperature indicated by the
radiatjon thermometer taken. The arithmetic mean of the measurement values is calculafed.

5.12.2.4 The-test sequence from 5.12.2.1 to 5.12.2.3 is performed at least once a month at
the sgme (temperature of the reference source over a time span of three months or one| year.
The rzrdiation thermometer shall be turned off between the test sequences.

It is allowed for a manufacturer to perform an accelerated test in accordance with an
established procedure based on the manufacturer’s technical knowledge and experience.

5.12.2.5 The long-term stability is taken to be the difference between the maximum and
minimum mean values of temperature reading obtained over the test interval.

The long-term stability of the reference source shall be significantly better than the long-term
stability of the radiation thermometer.

The test shall be performed with the reference source set to a temperature such that the
radiation thermometer does not indicate its internal temperature or ambient temperature.
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The radiation thermometer shall be kept under ambient conditions in accordance with the
manufacturer’s specifications during the complete test interval.

Due to the small number of observations special care shall be taken not to infer too much
significance from this basic test (i.e. no confidence level can be given).

5.13 Short-term stability
5.13.1 General

The short-term stability should be stated in a rate °C/h or as a maximum temperature
deviation-withina-sheorttime-span{(several-hoursrafterwarm—up-tme-

ooV 7 v o

The ghort-term stability depends on the measured temperature, the confidence levdl, the
respopse time and the internal instrument or ambient temperature. These parameters pre to
be stgted.

5.13.2 Test method

5.13.3.1 Sight the radiation thermometer at the centre of the radjating area of the refgrence
source.

5.13.2.2 The temperature of the reference source is stabilised at a temperature withjn the
measliring temperature range of the radiation thermometer.

5.13.2.3 The total measurement time is at least 3 h'with at least 10 measurement sequgnces
evenly distributed over the measurement time:.“'‘For each measurement sequencg the
measlirement time is at least 10 times the set response time of the radiation thermometgr with
at leapt 10 measured values of the temperature”indicated by the radiation thermometer {aken.
The rldiation thermometer shall not be turned off during the total measurement time. Thg lens
systeqn of the radiation thermometer ¢may be covered in time periods between taking
measlirement sequences to avoid heatihg of the radiation thermometer.

5.13.2.4 The arithmetic mean of'the measured values of the thermometer output for| each
measlirement sequence is calculated.

5.13.2.5 The short-term-stability is taken to be the difference between the maximum and
minimum mean values.of temperature reading obtained over the measurement time. It may
also be stated as_the difference between the maximum and minimum mean valyes of
tempgrature reading divided by the measurement time. The short-term stability shodld be
calculpted from half the difference between the maximum and minimum mean values |f it is
given|as a plus“or minus (+/-) statement.

The short‘term stability of the reference source shall be significantly better than the [short-
term stability of the radiation thermometer.

The test shall be performed with the reference source set to a temperature such that the
radiation thermometer does not indicate its internal temperature or ambient temperature.

The radiation thermometer shall be kept under ambient conditions in accordance with the
manufacturer’s specifications during the complete test interval.

5.14 Repeatability
5.14.1 General

The repeatability is closely related to the NETD of a radiation thermometer and is determined
over a time span of several minutes. The confidence level of the repeatability is twice as large
as the confidence level of the NETD.
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The measured temperature and the response time of the radiation thermometer are to be
stated with the repeatability. For some instruments the repeatability depends on the
instrument or ambient temperature. For these instruments the instrument or ambient
temperature also has to be stated. For low cost instruments the repeatability may be limited
by their resolution.

When using electronic measuring equipment, its bandwidth shall be noted or set accordingly.
In particular, the bandwidth of the radiation thermometer shall not be limited by the bandwidth
of the external measuring equipment.

5.14.2 Test method

5.14.2.1 Sight the radiation thermometer at the centre of the radiating area of the refgrence
source.

5.14.2.2 The temperature of the reference source is stabilised at a tempenattire withjn the
measyring temperature range of the radiation thermometer. The greatgsh "expected [noise
amplifjudes may not exceed the limits of the measuring temperature rangé,

5.14.2.3 The total measurement time shall be at least 3 min, and of a duration of af least
100 times the set response time of the radiation thermometer{ with at least 100 megsured
values of the temperature indicated by the radiation thermometer taken (see 5.14.2.4).

5.14.2.4 The standard deviation is calculated from the measured values. The repeatabjlity is
twice the value of the standard deviation of the measured values of the temperature ind|cated
by thg radiation thermometer.

If the thermometer is affected by the heat of thesreference source a shorter total measurg¢ment
time ghall be chosen.

Noise| caused by the temperature_(stability of the reference source and addjtional
measlirement equipment shall be~significantly lower than the noise of the radiation
thermpmeter.

5.15 [Interchangeability
5.15.1 General

No twp instruments will differ by more than twice this figure.

The interchangeability value will not necessarily be the same as the uncertainty value. |t is a
criticdl parameter for the production control, when an instrument has to be replaced by
another of\the same type.

5.15.2 Test method

5.15.2.1 For the determination of the interchangeability at least three instruments of the
same type are needed.

5.15.2.2 Sight the first radiation thermometer at the centre of the radiating area of the
reference source.

5.15.2.3 The temperature of the reference source is stabilised at a temperature within the
measuring temperature range of the radiation thermometer.

5.15.2.4 The total measurement time is at least 100 times the set response time of the
radiation thermometer with at least 100 measured values of the temperature indicated by the
radiation thermometer taken.
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5.15.2.5 The arithmetic mean of the measured temperature values indicated by the radiation
thermometer is calculated.

5.15.2.6 The test sequence from 5.15.2.2 to 5.15.2.5 is repeated for at least two more
radiation thermometers of the same type, while the temperature of the reference source stays
at the same temperature as in the first test.

5.15.2.7 The interchangeability is the difference between the maximum and the minimum
calculated arithmetic mean values from the radiation thermometers divided by 2.

Identical and stable ambient conditions shall be realized during the test of all radiation
thermpmeters.

The gtability of the temperature of the reference source throughout the test|has [to be
significantly better than the interchangeability of the radiation thermometers.

Due tp the small number of radiation thermometers special care shall be-taken not to infer too
muchsignificance from this test (i.e. no confidence level can be given).

5.16 |Response time
5.16.1 General
The Igwer/upper temperature value for specifying the response time has to be a tempefature

value |within, respectively, the lower/upper quartile ofthe measuring temperature range¢ (see
Figurg 2).

For a| radiation thermometer the rise and falPtimes (response times for rising and falling
tempdgrature steps) might be different. If this‘is the case, it shall be stated.

Thermal input signal

100 vl

<11] NNSREREPRY .+ /

: Output signal

Relative signal (%)

»

Time

— 5
Response time (0 % / 90 %)

IEC 684/13

Figure 2 — Demonstration of the response time to a rising temperature step

The response time depends on the type of signal processing within the radiation thermometer.
The magnitude of the temperature step (lower value and upper value) as well as the
percentage or temperature limits are to be given when stating the response time.

The following test method outlines the procedure to determine the time required for the output
signal of a radiation thermometer to reach 90 % of the full scale response to a corresponding
step change of input radiant power starting at ambient temperature radiation to a temperature
radiation close to the top of the measuring temperature range of the radiation thermometer.
The response time may be specified as a different percentage level of the full scale response,
e.g. 99 % (see IEC/TS 62492-1:2008, 4.1.1.16.3). In this case the test method has to be
adjusted accordingly.


https://iecnorm.com/api/?name=7a3780a2b929f9d0729ffebcb551880d

TS 62492-2 © IEC:2013(E) -21-

5.16.2 Test method

5.16.2.1 Sight the radiation thermometer at the centre of the radiating area of the refe
source.

rence

5.16.2.2 The reference source is stabilised at a temperature close to the top of the
measuring temperature range of the radiation thermometer.

5.16.2.3 The sight path between the radiation thermometer and the reference source is
interrupted by a shutter mechanism and the output of the radiation thermometer is allowed to
stabilize at the radiation temperature of the shutter (ambient temperature).
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IEC 685/13

Key

A Reference source 1
C1, 02 Shutter mechanisms

B Reference source 2

D Radiation thermometer
E Beam splitter

Figure 3 — Possible arrangement for determining
the response time with two reference sources

5.17 |Exposure time
5.17.1 General

The g¢xposure time is a relévant specification for radiation thermometers which have a
significant delay time as<part of their response time and observe objects passing through their
field gf view within a time span shorter than the response time (see Figure 4). In this case the
expogure time is a ‘relevant specification which shall be given by the manufacturer pf the
radiatjon thermometer.
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Figure 4 — Demonstration of the exposure time
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The exposure time depends on the signal processing conditions within the radiation
thermometer, the magnitude of the temperature step (starting value and plateau value) as well
as the reached percentage of the temperature step of the output signal.

The following test method outlines the procedure to determine the time interval, a step change
in the input radiation power, starting and ending at ambient temperature and, in between,
reaching a temperature close to the top of the measuring temperature range of the
thermometer, has to be present, such that the output signal of a radiation thermometer
reaches 90 % of the full scale response to continuous radiation. The exposure time may be
specified as a different percentage level of the full scale response to continuous radiation, e.g.
99 % (see IEC/TS 62492-1:2008, 4.1.1.17.3). In this case the test method has to be adjusted
accordinghy-

5.17.2 Test method

5.17.2.1 Sight the radiation thermometer at the centre of the radiating area.of ithe refgrence
source.

5.17.3.2 The reference source is stabilised at a temperature close to the top ¢of the
measyring temperature range of the radiation thermometer.

5.17.2.3 The sight path between the radiation thermometet’ and the reference soufce is
interryipted by a shutter mechanism which can be opened and‘closed very quickly and Wwhose
open [ime can be adjusted with sufficient precision. The eutput of the radiation thermometer is
allowed to stabilize at the radiation temperature of the ctosed shutter (ambient temperature).

5.17.2.4 The shutter is opened and the final {maximum) output signal of the radiation
thermpmeter for continuous radiation is measured-(i.e. 100 % value).

5.17.2.5 The data acquisition system is triggered and the shutter is opened and closed such
that tpe signal over time from the radiation thermometer in response to the step change
interval in input radiant power can be measured and recorded (e.g. a storage oscillos¢ope).
Start::Eg with a long pulse time of illumination (significantly longer than the expected expgosure

time) the pulse width (i.e. the time period of open shutter) is reduced step by step until the
maximum signal is only 90/%.0f the output signal measured for continuous radiatlon in
5.17.2.4.

As ajigitally processed radiation thermometer may have a variation in the measured vdlue of
expogure time the measurement has to be repeated a sufficient number of times (at leapt five
times) until the maximum value of exposure time is uniquely determined. Care has to be|taken
that the exposure time test method is only performed when the radiation thermometer is|in the
tempgrature \measurement mode of operation, as radiation thermometers may periodlically
perform e(gy'a calibration routine.

5.17.2.6 The exposure time (0 % 790 %) is the Tongest measured time period the shutier has
to stay open to reach 90 % of the maximum measured value (i.e. the value of continuous
radiation) (see Figure 4).

The time period needed by the shutter mechanism to open and close shall be much shorter
than the exposure time (not more than 10 % of the exposure time) and the shutter shall have
a stable radiation temperature near ambient temperature (i.e. no heating up by the reference
source).

Instead of a reference source with a shutter mechanism a radiation source with rapidly
adjustable radiation intensity and appropriate wavelength may be used. This can be for
example a light emitting diode (LED) which is operated with a pulse generator. The radiation
source is switched to continuous output and the signal output of the radiation thermometer is
monitored with a rapid signal recording device e.g. a storage oscilloscope. If applying a LED,
the operating current shall be adjusted until the required temperature indication at the
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radiation thermometer is achieved at the beginning of the test method. The pulse width is then
reduced until the temperature display is only a specific proportion of the minimum/maximum
signal, e.g. 0 %/90 % of the original display. The set pulse width is now the exposure time.

For the determination of exposure times starting at temperatures different from ambient
temperature an analogous method based on a more sophisticated setup with two reference
sources (see Figure 3) should be applied.

5.18
5.18.1

Warm-up time

General

This

switch
tempe
repea

5.18.2

5.18.2
ambig

est method outlines the procedure to be used to evaluate the time interval
ing the power of a radiation thermometer on, that is required for the output, sig

ability specification (5.14) (see Figure 5).

Test method

.1 The radiation thermometer is turned off and allowed to,stand and stabilize
nt conditions within the operating temperature range and air humidity range as sps¢

by thI manufacturer. The time period shall be sufficiently long_for the instrument to

equili

5.18.2
tempe

5.18.2
outpu
tempe
the ex

rium with the environment.

.2 The reference source is stabilised at a-demperature within the mea
rature range of the radiation thermometer.

signal is periodically recorded as the.'radiation thermometer warms to its op
rature. The time span between two measurements has to be significantly shorte
pected warm-up time. The minimum-total test time shall be ten times the warm-u

specified by the manufacturer (see Figure 5).

5.18.2
outpu
manu

Ther
the ra

For s

.4 The value for the warm-up time is taken to be the elapsed time required f
signal to equal its value“recorded near the end of the test minus one-half
acturer's repeatability band.

peatability of thé reference source shall be significantly better than the repeatab
iation thermometer.

bme radiation thermometers, the warm-up time may depend on the temperature

referejnce source. For such radiation thermometers the test method should be carried q

at lea
of the

5t, a reference source temperature close the top and a temperature close to the b

after
hal or

rature reading of the radiation thermometer to stabilize within the manhufacfurer's

under
cified
reach

Suring

.3 The radiation thermometer is sighted on-the reference source and switched OJ. The

rating
 than
D time

br the
pf the

lity of

pf the
ut at,
ottom

measuring temperature range of the radiation thermometer.
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Figure 5 — Example of warm-up titme

Operating temperature and air humidity range
General

struments with no internal temperature.indication the ambient temperature sh
instead of the instrument temperature;

all be

the h
humi

Within
shall

midity and temperature of the atmosphere have to be realised. A test method for
ity range is beyond the scope“of this technical specification.

For tHe determination of the air humidity‘@ange well defined atmospheric conditions reg

the operating temperdture range given by the manufacturer the radiation thermo
ttay with all specifications fully functional over the full measuring temperature rar

critical test for the operating temperature range is the following test of the measur

uncer

5.19.2

5.19.2

ainty over the fullLmeasuring and operating temperature range.

Test method

.1 TheTadiation thermometer is operated in an adjustable temperature enclosurg

rding
he air

meter
ge. A
bment

clima

chamber) which allows stable operation of the radiation thermometer with

(e.q.
n the

completeg.operating temperature range given by the manufacturer. For instruments wjth no

internal temperature Iindication the ambient temperature (I.e. the temperature of the climate
chamber) shall be used as the instrument temperature.

5.19.2.2 Sight the radiation thermometer at the centre of the radiating area of the reference
source.

No window should be used between the radiation thermometer and the reference source. If a
window is used, the influence of the window on the temperature indicated by the radiation
thermometer has to be corrected for.

5.19.2.3 The temperature of the reference source is stabilised near the bottom of the
measuring temperature range of the radiation thermometer.
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