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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
INDUSTRIAL ELECTROHEATING EQUIPMENT – 

 
Test methods for infrared emitters 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

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

3) IEC Publications have the form of recommendations for international 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 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

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

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

International Standard IEC 62798 has been prepared by IEC technical committee 27: 
Industrial electroheating and electromagnetic processing. 

The text of this standard is based on the following documents: 

CDV Report on voting 

27/938/CDV 27/942/RVC 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

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

The contents of the corrigendum of November 2014 have been included in this copy. 
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INTRODUCTION 

This standard on particular test methods for infrared electroheating emitters is one of TC 27 
standards that describe test methods for various types of electroheating installations. 

This standard is solely concerned with tests for infrared emitters. Tests that focus on the 
performance of infrared equipment or installations are covered by IEC 62693, Industrial 
electroheating installations – Test methods for infrared electroheating installations. The 
rationale for this separation is that infrared installations are usually manufactured by other 
companies than infrared emitters. Still, infrared emitters are a very important and distinct part 
of infrared installations and a set of tests that allow for proper characterisation, comparison of 
different infrared emitters is valuable to manufacturers of infrared installations. 

The major guiding principle for this standard is to determine 

– simple tests that define the basic characteristics of all infrared emitters and can be 
performed with the usual test and measuring equipment available to different kinds of 
companies, large or small; 

– more complex tests that provide valuable extra information, but need a well-equipped 
laboratory. 
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INDUSTRIAL ELECTROHEATING EQUIPMENT – 
 

Test methods for infrared emitters 
 
 
 

1 Scope and object 

This International Standard specifies test procedures, conditions and methods according to 
which the main parameters and the main operational characteristics of industrial infrared 
emitters are established. 

A limitation of the scope of this standard is that the infrared emitters have a maximum spectral 
emission at longer wavelengths than 780 nm in air or vacuum, and are emitting wideband 
continuous spectra such as by thermal radiation or high pressure arcs. 

IEC 60519-1:2010 [1] 1  defines infrared as optical radiation within the frequency range 
between about 400 THz and 300 GHz. This corresponds to the wavelength range between 
780 nm and 1 mm in vacuum. Industrial infrared heating usually uses infrared sources with 
rated temperatures between 500 °C and 3 000 °C; the emitted radiation from these sources 
dominates in the wavelength range between 780 nm and 10 µm. 

Industrial infrared emitters under the scope of this standard typically use the Joule effect for 
the conversion of electric energy in one or several sources into infrared radiation, which is 
emitted from one or several elements. Such infrared emitters are especially 

– thermal infrared emitters in the form of tubular, plate-like or otherwise shaped ceramics 
with a resistive element inside; 

– infrared quartz glass tube or halogen lamp emitters with a hot filament as a source; 
– non-insulated elements made from molybdenum-disilicide, silicon-carbide, iron-chromium-

aluminium alloys or comparable materials; 
– wide-spectrum arc lamps. 

This standard is not applicable to 

– infrared emitters which are lasers or light-emitting diodes (LEDs); 
– infrared emitters for use by the general public; 
– infrared emitters for laboratory use. 

Most of the tests described, especially the destructive tests, are for type testing. 

The tests specified in this standard are intended to be used for evaluating or comparing the 
performance of emitters belonging to the same category. 

Tests related to performance of industrial infrared electroheating installations are specified in 
IEC 62693:2013. 

Most tests specified in this standard are applicable to wide-spectrum arc lamps, but not all. 

___________ 
1  Numbers in square brackets refer to the Bibliography.  
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2 Normative references 

The following 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 
amendments) applies. 

IEC 60061-1, Lamp caps and holders together with gauges for the control of 
interchangeability and safety – Part 1: Lamp caps 

IEC 60061-2, Lamp caps and holders together with gauges for the control of 
interchangeability and safety – Part 2: Lampholders 

IEC 60061-3, Lamp caps and holders together with gauges for the control of 
interchangeability and safety – Part 3: Gauges 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

IEC 60068-2-7, Basic environmental testing procedures – Part 2-7: Tests – Test Ga and 
guidance: Acceleration, steady state 

IEC 60432-1:1999, Incandescent lamps – Safety specifications – Part 1: Tungsten filament 
lamps for domestic and similar general lighting purposes   
IEC 60432-1:1999/AMD1:2005 
IEC 60432-1:1999/AMD2:2011 

IEC 60519-12, Safety in electroheating installations – Part 12: Particular requirements for 
infrared electroheating installations 

IEC 60682:1980, Standard method of measuring the pinch temperature of quartz-tungsten-
halogen lamps  
IEC 60682:1980/AMD1:1987 
IEC 60682:1980/AMD2:1997 

IEC 62693:2013, Industrial electroheating installations – Test methods for infrared 
electroheating installations 

EN 993-11, Methods of test for dense shaped refractory products – Part 11: Determination of 
resistance to thermal shock 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60519-12, 
IEC 62693 as well as the following apply. 

NOTE General definitions are given in the International Electrotechnical Vocabulary, IEC 60050 [2]. Terms 
relating to industrial electroheating are defined in IEC 60050-841. 

3.1 General 

3.1.1  
infrared radiation 
optical radiation for which the wavelengths are longer than those for visible radiation 

Note 1 to entry: The infrared radiation range between 780 nm and 1 mm is commonly subdivided into: 

IR-A   780 nm to 1 400 nm, or for a grey emitter 3 450 °C to 1 800 °C surface temperature; 

IR-B   1 400 nm to 3 000 nm, or for a grey emitter 1 800 °C to 690 °C surface temperature; 
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IR-C   3 000 nm to 1 mm, or for a grey emitter less than 690 °C surface temperature. 

The temperature corresponds to a spectrum where maximum intensity is at the wavelength of the limit. 

These ranges comply with IEC 62471:2006 [3]. 

Note 2 to entry: In IEC 60050-841:2004 the following terms are defined: 

841-24-04 – shortwave infrared radiation or near infrared radiation (780 nm to 2 μm); 

841-24-03 – mediumwave infrared radiation or medium infrared radiation (2 μm to 4 μm); 

841-24-02 – longwave infrared radiation or far infrared radiation  (4 μm to 1 mm). 

These terms are not used in this standard. 

[SOURCE: IEC 60519-12:2013, 3.101] 

3.1.2  
emitter category 
group of emitters using the same principle for applying thermal energy to the workload 

3.1.3  
inrush current 
short term high lamp current occurring during the transient period from the moment of 
applying voltage to a cold emitter to steady state 

3.1.4  
average electrical lifetime 
net operating time of infrared emitters at rated voltage under intended conditions when 50 % 
of all emitters are still operating 

3.2 Radiation 

3.2.1  
radiant power 
radiant flux 
power emitted, transmitted or received in the form of radiation 

3.2.2  
irradiance 
irradiation 
quotient of the radiant power incident on a surface element containing the point, by the area 
of that element 

3.2.3  
radiance 

quantity L defined by the formula 
dΩdA

dΦL
⋅⋅

=
θcos

 

where 

dΦ  is the radiant power or flux transmitted by an elementary beam passing through the 
given point and propagating in the solid angle containing the given direction; 

dΩ  is the solid angle; 

dA  is the area of a section of that beam containing the given point; 

θcos  is the angle between the normal to that section and the direction of the beam. 

3.2.4  
radiant exitance, <of a body> 
quotient of the radiant flux emitted by a body into the hemispherical space (2π sr) by the 
surface unit area of that body 
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Note 1 to entry: The body can be an infrared emitter or a source of an infrared emitter. 

3.2.5  
spectral distribution 
spectrum 
quotient of a radiant quantity dX(λ) contained in an elementary range dλ of wavelength at the 
wavelength λ by that range 

Note 1 to entry: The term spectral distribution is preferred when dealing with the function Xλ(λ)  over a wide range 
of wavelengths, not at a particular wavelength. 

3.2.6  
spectral radiance 
ratio of the radiant power dΦ(λ) passing through a point and propagating within the solid 
angle  dΩ in the given direction, to the product of the wavelength interval dλ and the area of a 
section of that beam on a plane perpendicular to this direction ( dA⋅θcos ) containing the given 
point and to the solid angle dΩ 

3.2.7  
spectral radiant exitance 
quotient of the radiant flux emitted by a body into the hemispherical space (2π sr) by the 
surface unit area of that body and by the unit wavelength interval 

3.2.8  
radial irradiation distribution 
irradiation caused by any emitter of axial symmetry on a circumference around the axis of 
symmetry of the emitter on a plane perpendicular to that axis and centred at mid-length of the 
emitter 

Note 1 to entry: Axial symmetry does not imply round. 

3.2.9  
rated total radiant power 
radiant power emitted by the emitter at rated voltage 

4 Classification of infrared emitters 

The most common industrial infrared emitters under the scope of this standard emit 
broadband thermal spectra. Annex A provides basic definitions and concepts of thermal 
infrared radiation. Thermal emitters usually have a clear correlation between the maximum of 
the spectral radiant power and the temperature of the source of the emitter, called Wien’s law; 
in this case the rated temperature indicates the spectrum of the emitter. Arc lamps generate a 
non-thermal spectrum. 

The most relevant design element of infrared emitters influencing the spatial irradiation 
pattern is the size and dimension of the surface of the source emitting the radiation. As 
industrial infrared emitters are usually used in close vicinity of the workload, there are 

– very small sources which act like point sources – for example small light bulbs or arc 
lamps with a very short arc; infrared laser and LED are point sources as well, but are 
outside the scope of this standard; 

– near ideal line sources – for example halogen emitter, tungsten coil emitter, arc or flash 
lamps; their source may be bent; 

– tubular or line sources with a large diameter – for example ceramic tube emitters, heating 
rods made from materials like graphite or silicon carbide; 

– planar or two-dimensional sources – for example ceramic tile type emitters. 

Radiation sources can be divided into point like sources and extended sources depending on 
the size of the source and observation distance. If the distance between the radiation source 
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of the emitter and the observation point is greater than 10 to 50 times the maximum 
dimension of the radiation source, this source can be approximated as a point source. In most 
industrial installations the infrared emitters are in close vicinity to the workload and are thus 
extended sources. The approximate value of 10 to 50 depends on the problem and the 
intended accuracy of a measurement. 

NOTE 1 When the observing distance is greater than 10 times the maximum dimension of the radiation source, 
the resulting error for calculating the irradiance is less than 1 %. 

Commonly available industrial infrared emitters classified according to their spectral emission 
and rated temperatures are listed in Table 1. 

NOTE 2 In industry a different classification than the one used in this standard and given in 3.1.1 is also known, it 
is provided for information in Annex B. 

Table 1 – Classification of infrared emitters by spectral emission 

Spectral band where 
maximum of emission 

occurs 
Rated temperature of 

thermal emitter Category Comments 

IR-A 

780 nm to 1 400 nm 

1 800 °C to 3 450 °C − halogen emitter 
− tungsten quartz tube 

emitter 
− high power laser 

diodes1 
− light emitting diode1 
− arc lamp1 

Other names for this 
spectral range used in 
industry are: near 
infrared, NIR, short-
wave2. 

IR-B 

1 400 nm to 3 000 nm 

690 °C to 1 800 °C − halogen emitter 
− tungsten quartz tube 

emitter  
− ceramic emitter 
− heating wire made 

from nickel-chromium 
alloys – nichrome 

− heating wire made 
from alloys of nickel-
chromium, or iron-
chromium-aluminium 

− quartz tube emitter 
with heating wire coil 
(Cr, Al, Fe) 

− quartz tube emitter 
with carbon filament 

− quartz tube emitter 
with tungsten coil 

− silicon carbide 
heating rod 

− graphite heating rod 
− molybdenum 

disilicide heating 
element 

− high temperature 
metal tube element 

− high temperature 
ceramic element 

Other name for this 
spectral range used in 
industry is "medium-
wave"2. 

IR-C 

3 000 nm to 1 mm 

< 690 °C − metal tube element 
− ceramic emitter 

element 

Not in the scope of this 
standard, if convection 
dominates. 

1 included for reference only; rated temperature is not applicable 
2 short wave and medium wave can denote differing spectral ranges, see Annex B 
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5 Type of tests and general conditions of their performance 

5.1 General – list of tests 

Table 2 summarises the tests covered by this standard and their applicability to different 
categories of infrared emitters. It also includes references to other standards with applicable 
tests. Additional tests may be covered by commissioning and operation manuals issued by the 
manufacturer or may be agreed on between the manufacturer and user. 
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5.2 Test conditions 

5.2.1 Operating conditions during tests 

Operating conditions during the tests shall be in the range of normal operating conditions of 
the emitter tested and thus reflect the manufacturer’s intended use of the product while 
excluding extreme usage patterns, deliberate misuse or unauthorized modifications. Extreme 
usage pattern may be agreed on between the manufacturer and user. 

All environmental conditions that affect measurement results shall be monitored during the 
tests and be part of the measurement report. This includes 

a) environmental temperature including hot surfaces in the vicinity; 
b) temperature of the air used for cooling; 
c) relative and absolute humidity of the air at temperatures when condensation is expected to 

occur, i.e. below 100 °C if applicable; 
d) vibration or infrasound. 

All tests shall be performed with the emitter radiating into free space, or only onto sufficiently 
cooled and radiation absorbing surfaces at less than 50 °C in the vicinity to avoid any heating 
of the emitter through the vicinity. 

The emitter shall be positioned so that free convection is not hindered. Free convection is not 
hindered if the distance to the next object in all directions including below the emitter is at 
least 10 times the diameter of the emitter tube or 10 times the largest dimension of a planar 
emitter. 

5.2.2 Standard environment for tests 

All tests shall be performed 

a) under standardised environmental conditions, at ambient temperature in the range 
between 5 °C and 40 °C and air relative humidity of less than 95 %, 

b) at the altitude above sea level less than 1 000 m, 
c) with no forced convection of the air applied unless otherwise stated. 

The ambient temperature is considered as an average value. All quantities dependent on the 
ambient temperature shall refer to the ambient temperature of 20 °C, the so-called reference 
ambient temperature. 

5.2.3 Non-standard environment for tests 

All tests may be performed under conditions deviating from the standard environment as 
defined in 5.2.2 if the infrared emitters are intended to be used under these conditions. 
Examples are 

– at vacuum pressure inside a vacuum chamber with cold walls – i.e. less than 70 °C; 
– at elevated temperature of the surrounding air; 
– with forced convection in an air stream of defined velocity or mass flow rate. 

The manufacturer and user may decide to perform the tests under the available environmental 
conditions expected inside the equipment. 

5.2.4 Supply voltage 

The supply voltage limits shall not exceed those defined by the manufacturer for the intended 
purpose. 
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The supply voltage applied to the emitter shall be monitored during the tests. 

All measurements of specific electrical values as defined in Clause 6 shall include the 
measured data of the supply voltage applied to the emitter during measurement. 

5.3 Stationary condition 

Emitters usually need time to reach a stationary condition after changes in environmental 
conditions or applied voltage. It is reached when current, power and temperature of the 
emitter no longer change with time. 

Typical periods are 2 min to 5 min for quartz tube emitters and 10 min to 15 min for ceramic 
emitters. 

5.4 Number of emitters for tests 

The emitters used for tests shall be taken at random from a production lot. Broken emitters 
shall be replaced from the same production lot. Table 2 defines the minimum amount of 
emitters necessary for the tests given in this standard. 

6 Measurements 

6.1 General 

More than a single measurement is recommended for the tests defined in this standard. A 
data logger or multi-channel electronic data acquisition system shall be used for time resolved 
measurements. Such a device automatically measures and stores the necessary data in a 
computer readable format. 

6.2 Time resolution 

The necessary time resolution of the measuring equipment and the data saving rate of the 
storage device depends on the emitter and the specific tests to be undertaken. The 
measurement and storage frequency shall be so high that all relevant signal variations are 
recorded. 

6.3 Measurement of electric data 

6.3.1 All equipment for voltage measurement shall be of class 2.0 or better. The measuring 
equipment for a.c. shall be able to show true RMS independent of the waveform. 

6.3.2 All equipment for current measurement shall be of class 2.0 or better. The current 
measuring equipment for a.c. shall be able to measure true RMS independent of the 
waveform. 

6.3.3 All equipment for energy consumption measurement shall be of class 2.0 or better. 
The energy consumption measuring equipment for a.c. shall be able to measure true RMS 
independent of the waveform. 

6.3.4 Equipment for the measurement of transient effects like inrush current, real values of 
voltage, current or power shall not average or provide RMS; in deviation from the 
requirements in 6.3.1 to 6.3.3. It shall have a sufficient time resolution as defined in 6.2. 

6.3.5 Measurements of all voltages applied to the emitter shall be performed at the 
conductors connected to the emitter or at the power outlet of the switchgear connected to the 
emitter. 
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6.3.6 Measurements of all currents flowing through the emitter shall be performed at a 
conductor connected to the emitter or at the power outlet of the switchgear connected to the 
emitters. 

6.3.7 Measurements of power use of the infrared emitter shall be performed at the power 
outlet of the switchgear connected to the emitters. 

6.3.8 All equipment for resistance measurement shall use a four point probe and be of 
class 2.0 or better. 

6.3.9 Any measurements that shall be performed at rated voltage shall be performed at 
rated voltage ± 2 %. 

6.4 Temperature measurement 

The kind of equipment used for temperature measurement depends on the task, the 
temperature range, available information on the condition of the surface being measured or 
the accessibility of the surface. 

Contact thermocouples are simple to use and reliable. They provide reliable and exact results 

– if an intimate and non-detachable contact to the surface of an object is established 
through the measurement and 

– the object is having a sufficient high mass and good thermal conduction to the 
thermocouple is held throughout the measurement. 

Pyrometers and infrared cameras summarised as thermographic methods may be used 

a) for all surfaces at elevated temperature, 
b) when the emissivity of the surface is well known, 
c) when the surface is considered as lambertian – i.e. following a cosine law of angular 

emissivity, and 
d) when the wavelength range used for detection is transmitted by any tube or window 

material protecting the source and being in the path of light between source and 
equipment. 

The used value of the emissivity, the measurement wavelength and the presumed error of the 
emissivity shall be included in all measurement reports. 

The relative measurement error for all temperature measurements in compliance with this 
standard shall not exceed 5 % of the temperature stated in °C of the measured value. 
Measurement accuracy shall be included in the measurement report. 

NOTE The German VDI/VDE 3511 series [4] gives information on best practice for temperature measurement in 
industry. 

6.5 Irradiance and radiance measurement 

All measuring equipment for measurement of irradiance or radiance shall be of class 3.0 or 
better. 

The measuring equipment shall have a flat or constant spectral response between 400 nm 
and 10 µm, a flat response between 200 nm and 20 µm is preferred. 

The measuring equipment shall be sufficiently stabilised to avoid any drift exceeding the limits. 

NOTE This can be a thermally stabilised pyro-electric detector. 
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6.6 Spectral measurements 

6.6.1 General 

The measurement of spectral functions of infrared emitters over a reasonably wide spectral 
range is well beyond the possibilities of most industrial companies. A meaningful spectral 
interval for full characterisation of an emitter can extend over the 1 % to 90 % of emitted 
power range (as defined in Table A.1), which corresponds to a wavelength range of about 
three times the wavelength at maximum emitted power. CIE 063:1984 [5] and CIE 130:1998 [6] 
provide methods for spectral measurements in the visible spectrum. In general, meaningful 
wideband spectral measurements in the infrared involve complex equipment, like some 
detectors and gratings in a single monochromator and the use of elaborate calibration 
procedures. 

A measurement error of more than 20 % is to be expected unless very significant efforts are 
made to reduce this. Measurement data shall therefore include a description of the equipment 
used as well as the means used to compensate or avoid atmospheric absorption. 

6.6.2 Calculation as a surrogate for measurement 

Before one decides to measure any spectral data, one can consider the following: if the 
emissivity of the emitter is already well known from literature, Planck’s law from Formula (A.1) 
allows the calculation of temperature dependent spectral emission with sufficient accuracy for 
most purposes of this standard. 

6.6.3 Required spectral range 

The measurement wavelength range shall cover most of the high intensity part of the 
spectrum, usually spanning at least from ( ) ( )TETE ,01,0, maxλλ ⋅=  on the short wavelength side 
of the spectrum to ( ) ( )TETE ,1,0, maxλλ ⋅=  on the long wavelength side. The wavelength range 
is derived using the generalised Wien’s law data from Annex A, Table A.1. This spectral range 
amounts to about max3 λ⋅  at rated temperature. 

High spectral resolution does not matter for thermal infrared emitters due to the broad 
features of thermal radiation. That is unless emission is caused by a material that has very 
distinct spectral features in its emissivity. 

Measurement of the spectral exitance of arc emitters can be done by methods developed for 
the visible and near infrared as defined in CIE 063:1984 [5] and CIE 130:1998 [6]. 

6.6.4 Measurement conditions 

Any relevant measurement of infrared spectra shall take account of atmospheric absorption 
caused by water vapour and carbon dioxide. The fundamental bands of these molecules near 
2,8 µm and 5,0 µm cause strong absorption even for short optical path lengths. Long path 
length leads to absorption by weaker bands and by less common molecules thus eventually 
covering most of the infrared spectrum. To reduce the influence of these gases the following  
may be applied: 

– measurement in an atmosphere of nitrogen or argon, 
– or comparison of the signal from the infrared emitter with that of a well-known reference 

light source; such a reference can be a high quality black body at comparable temperature 
as the source of the infrared emitter; the signal from that black body can be used to 
correct any atmospheric absorption. 

The wavelength dependent optical transfer function of the measurement systems is either 
included in the measurement through a calibration using a well-known reference light source, 
like a halogen lamp conforming to CIE 149:2002 [7], or by using a high quality blackbody. 
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6.6.5 Spectral measurements 

Information on spectral measurements is provided in Annex C. 

7 Technical tests 

7.1 General 

The following test methods can be used to describe the performance of infrared emitters. The 
test requirements may be modified or amended as agreed upon by the manufacturer and user. 
If a test is modified or amended, the exact amendment or modification shall be part of any test 
report issued. Additional tests may be agreed between the manufacturer and user. 

7.2 Tests concerning cap and holder of emitter 

7.2.1 General 

The following tests apply to emitters with a cap designed for a specific holder. They do not 
apply to emitters equipped with electric leads only. 

7.2.2 Cap and holder interchangeability 

If the infrared emitter has a standardized cap defined in IEC 60061-1 to be used in connection 
with a holder defined in IEC 60061-2, the interchangeability of cap and holder for such 
standard cap and holder combination shall be tested in accordance with IEC 60061-3. 

The manufacturer and user may define other cap and holder combinations and shall agree in 
this case on specific tests or gauges to ensure interchangeability. 

7.2.3 Cap twist-off test 

The test according to 2.5 of IEC 60432-1:1999 and IEC 60432-1/AMD1:2005 applies. 

7.3 Power consumption characteristics 

7.3.1 Rated power 

The rated power of the emitter shall be measured at rated voltage – see 6.5. 

For emitters where the rated voltage is a standard line voltage, measurement of rated power 
shall include measurement at –10 % and +10 % of this rated voltage. 

The electrical values at ± 10 % of rated voltage may be calculated instead, if the manufacturer 
has a reliable model for predicting these values based on the measurement at rated voltage. 
A reliable model is characterised by the ability to predict electrical values at error-margins 
comparable to measurements conforming to this standard. 

7.3.2 Variation of power with voltage 

Measurement of the dependency of electrical emitter power on voltage shall be done with the 
same emitters as that used for the measurement in 7.3.1. 

The variation of power used by the emitter depending on the applied voltage shall be 
measured starting from 0 V up to 110 % of the rated voltage. The voltage increase between 
measurement points shall be 10 % of the rated voltage or smaller. The measurement shall be 
performed at stationary condition for each step. 

NOTE Performing this measurement by decreasing the voltage can result in different values if stationary condition 
is not reached for each single measurement point. 
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The variation of electrical values with applied voltage may be calculated instead, if the 
manufacturer has a reliable model for this. A reliable model is characterised by the ability to 
predict electrical values at error-margins comparable to measurements conforming to this 
standard. 

7.3.3 Inrush current 

Inrush current of emitters depends on the impedance of the power supply used in an 
installation. This test shall assess unfavourable conditions. Therefore the power supply used 
shall have low impedance and shall be directly connected to a high current line supply. 

The minimum time resolution shall be 1 ms as inrush current tends to peak early in the very 
first cycle after switch on. The inrush current is assessed by comparing the maximum 
measured current with a measurement of current under stationary condition. 

The extent of inrush current depends critically on the exact moment of switch on during a 
single phase. Generally, switch on at zero voltage underestimates the effects. Switch on at 
peak voltage is preferred as this is the worst case. 

Theoretical maximum inrush current may be calculated instead, if the manufacturer has 
reliable data on the variation of electric resistivity with temperature of the filament material of 
the emitter and the rated temperature is known – see 7.4.1. 

7.3.4 Emitter resistivity as estimate for rated power 

The measurement of cold state electrical resistivity as an indication of rated electric power 
can provide a meaningful test for infrared emitter with small or negligible variation of the 
electric resistivity with temperature.  

NOTE This typically applies for emitter where the conversion of electric energy into heat is confined to an element 
made from iron-chromium-aluminium alloys. 

The minimum requirements for such a test, allowing comparison or estimation of rated power, 
are the following: 

a) For each emitter the rated power and the rated resistivity at room temperature shall be 
established by the manufacturer. 

b) Measurement accuracy for voltage, current and power shall be class 1. 
c) The measuring equipment for resistivity shall use a 4 point probe and shall be class 1. 
d) Calibration intervals for all measuring equipment shall be less than 1 year. 

e) The measurement of cold state resistivity of the emitter shall be performed at 20 °C ± 3 °C 
emitter temperature and air temperature of the testing room. The emitter shall have rested 
at this temperature over at least one hour without being touched or switched on, rest over 
24 h is preferred. 

When the comparison of results is intended, like in a quality check, a regular round robin test 
is mandatory. Usually all parties should use identical measuring equipment. 

Annex G discusses error sources and possible application of such a test. 

7.4 Emitter temperature tests 

7.4.1 Rated temperature 

7.4.1.1 General 

The rated temperature is measured at rated voltage. It is measured under standard 
environmental conditions. Information on rated temperature measurements at deviating 
environmental conditions shall include a statement describing the conditions of measurement. 
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The test method for the rated temperature varies with the emitter type and with the intended 
accuracy; thus the employed method shall be part of the test report. 

7.4.1.2 Filament emitters 

In case of emitters where a filament like a tungsten coil or a carbon filament is placed inside a 
quartz tube or similar, 

a) temperature variations over the length and width of the filament are very hard to assess, 
b) the filament is dominated by surface areas at one temperature which is usually the highest 

temperature of the filament as well. 

In this case the rated temperature is the maximum temperature measured on the emitting 
surface of the emitter source. The test shall be performed at stationary condition. 

7.4.1.3 Other emitters 

Emitters with extended sources usually show a broader variation of the temperature on the 
surface of the source. 

In this case the rated temperature can be approximated through one of the following: 

a) The average temperature measured on the surface of the source of the emitter using the 
method defined in 7.4.7. This test slightly underestimates the temperature defining the 
spectral radiance. The measurement area for the average temperature shall be the 
effective radiant surface of the emitter or source. 

b) The maximum temperature measured on the surface of the source of the emitter. This test 
slightly overestimates the temperature defining the spectral radiance. 

c) The calculation of the distribution temperature from the spectral radiance as defined in 
7.4.10. 

d) The effective temperature of the surface of the source – which usually corresponds to the 
radiant power being greater than 90 % of the total radiant power. 

Unless the spectral emission is dominated by one area with homogenous temperature, 
method a) shall be used. 

7.4.2 Variation of source temperature with voltage 

Measurement of the dependency of source temperature on voltage shall be done with the 
same emitters as those used for the measurement in 7.4.1. 

The variation of temperature of the emitter depending on the applied voltage shall be 
measured starting from 0 V up to 110 % of the rated voltage. The voltage increase between 
measurement points shall be 10 % of the rated voltage or smaller. The measurement shall be 
performed at stationary condition for each step. 

NOTE Performing this measurement by decreasing the voltage can result in different values if stationary condition 
is not reached for each single measurement point. 

The variation of source temperature with applied voltage may be calculated instead, if the 
manufacturer has a reliable model for this. A reliable model is characterised by the ability to 
predict electrical values at error-margins comparable to measurements conforming to this 
standard. 

7.4.3 Source temperature rise time 

The source temperature rise time is defined as the time needed for the radiation emitting 
surface to reach 90 % of rated temperature counted from the moment of applying the rated 
voltage to an emitter in the cold state. 
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The measurement shall be performed using the same emitter as that used for the 
measurement of rated temperature in 7.4.1. 

7.4.4 Source temperature cooling time for quartz tube emitters 

The source temperature cooling time for all types of infrared emitters where the source is 
inside an emitter tube is defined as the time needed for the radiation emitting surface of the 
source to cool down to 500 °C from rated temperature counting after power has been turned 
off. 

The measurement shall be performed with the same emitter as that used for the measurement 
in 7.4.1. A source temperature of 500 °C is assumed the minimum temperature to create 
relevant infrared emission for this kind of emitter. 

7.4.5 Source temperature cooling time for other emitters 

The source temperature cooling time for all types of infrared emitters where the source is in 
direct contact to the environment is defined as the time needed for the radiation emitting 
surface to cool down below the following set of temperatures from rated temperature counting 
after power has been turned off. 

These temperatures are T1 = 450 °C, T2 = 300 °C, T3 = 200 °C, T4 = 135 °C, T5 = 100 °C, 
T6 = 85 °C. The temperatures correspond to the temperatures used in the temperature 
classification according to IEC 60079-0 [8]. These values give the user an estimate after how 
much time such an emitter may come into contact with possibly flammable atmospheres. 

The measurement shall be performed with the same emitter as that used for the measurement 
in 7.4.1. 

7.4.6 Quartz tube cooling time for quartz tube emitters 

The quartz tube cooling time is defined as the time needed for the hottest spot on the outer 
surface of the emitter to cool down from stationary condition temperature to below the 
following set of temperatures from the operating temperature counting after power has been 
turned off. 

These temperatures are T1 = 450 °C, T2 = 300 °C, T3 = 200 °C, T4 = 135 °C, T5 = 100 °C, 
T6 = 85 °C. The temperatures correspond to the temperatures used in the temperature 
classification according to IEC 60079-0 [8]. These values give the user an estimate after how 
much time such an emitter may come into contact with possibly flammable atmospheres. 

The measurement shall be performed with the same emitter as that used for the measurement 
in 7.4.1. 

7.4.7 Source temperature distribution 

A wide temperature distribution of the source of an emitter can indicate a variation of output 
power if 

– in the case of quartz tube or halogen, emitter different coil segments between spacers 
show different maximum temperatures; 

– in the case of tubular emitters, if temperature increases or decreases from one end to 
another; 

– in case of planar sources, a variation of temperature between surface areas where 
resistive elements are below the surface. 

It is preferred that this test is performed 

– with a thermographic camera, or 
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– using a pyrometer. 

When a thermographic camera is used, the complete source shall be measured at once, and 
the measurement points are all pixels of the thermal photo being part of the image of the 
source. 

When a pyrometer is used the measurement points shall be 

a) distributed homogeneous on the surface of planar sources, the number of measurement 
points shall be sufficient to resolve major structures but not less than 9 or  

b) distributed equidistant over linear or tubular sources, the number of measurement points 
shall be sufficient to resolve major structures but not be less than 5. 

The layout of measurement points shall be adapted to relevant structural features of an 
emitter. 

For some emitters with complex geometry, a contact thermometer is preferred to perform this 
test. The measurement points shall be selected evenly, separately on the surface of heating 
parts and non-heating parts. 

The measurement report shall indicate the measurement method, the measurement positions, 
average temperature, minimum, maximum and variance of the temperature. 

7.4.8 Average temperature calculation from a thermal image 

The average temperature is calculated using data from all pixels that are fully irradiated by 
the part or surface only (pixels not fully covering a hot surface show lower temperature due to 
lower signal). 
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where 

n is the number of pixels of the thermal image clearly being part of the measured surface; 

Ti is the temperature value of the i-th pixel of thermal image clearly being part of the 
measured surface. 

7.4.9 Surface temperature distribution 

It is preferred that this test be performed  

– with a thermographic camera, or 

– using a pyrometer. 

When a thermographic camera is used, the complete visible surface shall be measured at 
once and the measurement points are all pixels of the thermal photo being part of the image 
of the surface of the emitter. 

When a pyrometer is used the measurement points shall be  

a) distributed homogeneous on the surface of planar sources, the number of measurement 
points shall be sufficient to resolve major structures but not less than 9 or  

b) distributed equidistant over linear or tubular sources, the number of measurement points 
shall be sufficient to resolve major structures but not be less than 5. 

The layout of measurement points shall be adapted to relevant structural features of an 
emitter. 
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For emitters with complex geometry, where part of the surface is optically not accessible or 
optical methods can provide limited accuracy, a contact thermometer is preferred to perform 
the test. The definition of measurement positions shall follow the same rule as for use of a 
pyrometer, i.e. the positions shall be distributed homogeneously and equidistant over the 
surface; in case only a part of the surface is heated, both heated and unheated parts shall be 
covered with measurement positions. 

The measurement report shall indicate the measurement method, the measurement positions, 
average temperature, minimum, maximum and variance of the temperature. 

7.4.10 Distribution temperature 

Estimating the distribution temperature is discussed in CIE 114/4 [9] for visible light sources. 
The concept can be used for the description of the spectral emission of infrared emitters as 
well. 

NOTE The procedure is valid for errors that scale with the measured irradiance. 

The distribution temperature is determined from the measured or calculated emitted radiation 
spectrum of the emitter; the data is usually a set of spectral radiant power values at specific 
wavelengths  iM   – refer to 6.6 and Annex C for measurement or Annex A for calculation. 

When the spectral radiant power distribution of the emitter is comparable to the distribution of 
a blackbody  bM , the temperature of this blackbody is called the distribution temperature of 

the emitter. 

The distribution temperature is calculated from a set of absolute radiation spectrums  ,TMb  

of the blackbody (i.e. the Planck function value) at different temperatures using Formula (A.1). 
The minimum of the following function defines the distribution temperature: 
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where 

 iM   is the measured radiant exitance of the emitter; 

 TM i ,b   is a measured or calculated blackbody radiant exitance; 

i  is a wavelength for which a measurement exists; 

a  is a scaling factor; 

The sums over the wavelength i  are taken for all measured values of M() at the 

measurement wavelengths. 

The solution of Formula (2) is either directly generated or first the scaling factor a is 
minimised and then a separate calculation provides the minimum of 
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where the corresponding blackbody temperature is the distribution temperature of the emitter. 
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7.4.11 Thermal ruggedness 

The thermal ruggedness of emitters is their resilience to withstand thermal shock or strong 
thermal gradients inside the emitter: 

a) the resilience of quartz tube infrared emitters to thermal stress exceeds all relevant test 
conditions or operation conditions, so no test is needed; 

b) for emitters that resemble a tile or brick made from refractory material, the test defined in 
EN 993-11 shall be used. 

7.4.12 Pinching temperature of pinched emitters 

Method 3) of IEC 60682:1980/AMD1:1987 and IEC 60682:1980/AMD2:1997 shall be used, as 
methods 1) and 2) of IEC 60682:1980 are destructive. 

7.5 Radiation characteristics 

7.5.1 General 

The emitted radiation of a specific infrared emitter can be characterised by the following 
radiometric values or functions: 

a) the spatial irradiance field generated by the emitter and depending on distance and 
angular direction from the emitter; 

b) the spectral distribution of the radiant power, being a function of the emissivity and the 
temperature distribution of the source (refer to Annex A); 

c) the spatial variation of the spectral radiant power, i.e. the spectral variation of the 
irradiation – this effect is negligible for most emitters; 

d) total radiant power or named total radiant flux or named radiant exitance (refer to 3.2.1, 
3.2.3, 3.2.4, 3.2.9), 

e) the hemispherical or normal total emissivity and hemispherical or normal spectral 
emissivity; 

f) radiance field; 

g) irradiance field. 

The spectrum depends on the source temperature (7.4) and the spectral emissivity of the 
source (Clauses A.2, C.3) and to a much smaller degree on other effects. 

The spatial irradiance field on a workload position or on any other surface depends 

– on the shape of the emitter, 

– on the surface material and structure of the source, 

– other elements that affect the distribution of radiation, like the emitter tube, fixtures inside 
the emitter tube, or electrodes. 

The spatial irradiance field can further be affected by the applied voltage to the emitter and by 
the environment. 

The measurement of irradiance is performed using a device as defined in 6.5. 

Irradiance distribution on an intended workload position and the spectrum of the irradiance 
are relevant for the technical use of an infrared emitter. Thus 7.5.2 provides a test for the 
basic irradiation characteristic of a tubular emitter, from which the reflectivity of a reflector can 
be assessed by use of 7.5.3; an assessment of the irradiation on a surface of a potential 
workload position is given in 7.5.4, test methods for the spectrum are discussed in 7.5.5. The 
rated total radiant power or radiant flux and the calculation of the irradiation efficiency are 
given in 7.5.7 and 8.4. 
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7.5.2 Radial irradiation distribution of tubular emitters 

The radial irradiation field is measured at rated power and in stationary condition. 

The detector measuring irradiation is placed on a rotating unit that rotates the detector at 
constant radial distance around the emitter axis and orienting the detector so that it is always 
facing the emitter directly. The emitter may be rotated instead. 

The measurements shall be taken with a constant angular step-width of 10° or 5°. A full circle 
of 360° shall be measured. 

No smoothing of the data is allowed. The data may be presented on a normalised base, where 
the irradiance depending on angular position is divided by the average irradiation. The 
average irradiation is calculated using 
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where 

E is the irradiance; 

n is the number of measurement positions; 

 is the angular position. 

7.5.3 Reflectivity of a tubular emitter with applied reflector 

For infrared emitters of tubular geometry and with a reflector placed on one side of the emitter 
tube the reflectivity of the reflector shall be calculated using the data from 7.5.2 and 
Formula (5). 
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where 

  is the reflectivity; 

m  is the number of measurement positions in angular directions with a reflector; 

  is the angle of the tubular emitter covered by a reflector. 

In the case of a tubular emitter without a reflector and homogenous angular irradiation the 
reflectivity is zero. In the case no radiation is detected behind the reflector, Formula (5) gives 
a perfect reflectivity independent of the angle of the reflector-covering. 

7.5.4 Planar irradiation field caused by an emitter 

The irradiation caused by an emitter depends on the distance from detector to emitter and the 
angular orientation between emitter and detector. The following is defined for the 
measurement of the irradiation distribution on a surface irradiated by an infrared emitter: 
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a) The irradiation detector scans the irradiated field below the infrared emitter in a distance d, 
this can be the intended working operation distance. 

b) The measurement positions on the plane of measurement shall be spaced apart at most 
for a length of 4d . 

c) The measurement plane shall be at least the size of the emitter plus a distance of d⋅2  in 
all four spatial directions to cover the sideways irradiation caused by the emitter. 

d) The measurement shall cover the complete plane unless symmetry of irradiation allows for 
less: measuring half of the plane or a quarter of the plane and assuming symmetry shall 
be stated with the measurement data. 

e) No smoothing of the data shall be performed. 

The detector shall be oriented so that its direction of view is perpendicular to the 
measurement plane. 

7.5.5 Angular irradiation distribution caused by an emitter 

The test defined in 7.5.2 does not provide the full data for a tubular emitter. This test only 
provides a specific aspect of irradiation caused. This aspect is of major interest, as it allows 
the prediction of the radiation field caused by one straight tubular emitter or a number of 
straight tubular emitters oriented in parallel. The test defined in 7.5.4 provides the irradiation 
caused on a surface, which usually coincides with the position of a workload. 

The measurement method defined in the following list can as well be used for the 
measurement of the total radiant power, if a data set at a specific distance between detector 
and emitter on a full spherical substance is needed: 

a) The emitter is placed on a goniometer such that the centre of the emitter is at the angle 
point of the goniometer. 

b) The emitter is operated in stationary condition and at constant voltage. 
c) The temperature dependent irradiation is measured using a detector with a non-

wavelength dependent sensitivity. The range of constant sensitivity should at least cover 
the wavelength range defined in 6.5. 

d) The detector is placed at a specific distance. The minimum distance is defined as being 
larger than the longest half axis of the emitter, because an infrared emitter can be a large 
source for this kind of test. 

The angular irradiation distribution measured by the detector depends for the so called near 
field on the distance between emitter and detector. Near field is defined as a distance less 
than 50 times the largest diameter of the emitter, far field is defined as a larger distance. 

Detailed advice on goniometric tests can be drawn from EN 13032-1 [10]; the test methods 
introduced there may be transferred into the infrared if a sufficient detector is used. 

7.5.6 Emitted spectrum 

The emitted spectrum is a function which describes how the radiant exitance (or radiance or 
irradiance) of infrared emitters varies with the wavelength. 

The spectral radiant power of thermal emitters depends on the temperature and to a much 
lower extent on the temperature and wavelength dependent emissivity of the source surface. 
The spectrum of the source may be altered further by emitter tubes or other parts of the 
emitter protecting the source as these parts may absorb and emit radiation as well. 

Annex A provides the basic formulas to calculate the spectral radiant power at rated voltage 
from the rated temperature provided by test 7.4.1. 

The emitted spectrum can be measured using methods discussed in 6.6 and in Annex C. 
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7.5.7 Rated total radiant power 

7.5.7.1 Distributed radiometric method 

A comparable test is applied for the measurement of luminous flux from lamps and described 
in CIE-084 [11]. The following list is an application of this distributed photometric test to the 
infrared: 

a) Ensure that the radiant surface of the emitter can be approximated as a point source 
relative to the detector of radiant power meter – this is the case, if the distance between 
emitter and detector is at least 10 times larger than the largest diameter of the emitter 
itself. 

b) Adjust the azimuth of the emitter to the centre of the emitter. 
c) Measure at every 5° between 0° to 60°, as well as every 10° between 60° to 90° relative 

to the axial line of the emitter. 
d) Measure the radiant power (or irradiance) for each measuring point. 

An irradiance measuring device (6.5) is placed on a rotating sample holder or goniometer. 
During the emitter and the detector relative motion, the scanning measurement is performed 
on the complete measurement sphere. 

The total radiant power can be calculated from the above measured data according to 
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where 
Ptot is the total radiant power in W; 
Sd is the responsive detector area of the radiant power-meter detector in m2; 
r is the distance between the source and the photo-surface of the detector in m; 
Pθ is the average radiant power of the zonal spherical for the corresponding angle in W; 
Eθ is the average irradiance of the zonal spherical for the corresponding angle in W/m2; 
aθ is the zonal spherical factor, given in Table D.1. 

7.5.7.2 Thermal imaging method 

This test applies for grey-body emitters or emitters with approximate grey-body emissivity and 
a near homogenous source temperature. 

The average temperature on the source surface of the emitter is measured with a pyrometer 
or an infrared camera and calculated according to 7.4.8 and Formula (A.1). 

The emissivity correction of the measuring device is set to 1. The measured temperature is 
interpreted as the radiation temperature or equivalent blackbody temperature. 

The total radiant power of the emitter is then calculated according to 

 ( )4
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where 
A is the surface area of the emitter source in m2; 
Tr is the average temperature value of the emitter source in K; 
T0 is the average temperature value of the environment in K; 
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σ is the Stefan-Boltzmann constant. 

The rated total radiant power is calculated by an integral over the irradiance measured on the 
complete measurement sphere as defined in 7.5.5. 

7.5.8 Irradiation reaction time 

Irradiation reaction time is defined as the time after applying rated voltage to the emitter until 
the emitter reaches 80 % and 90 % of irradiation at stationary conditions, as well as decrease 
of irradiation to 50 % and 10 % after switch off. 

The measurement position shall be in the intended irradiation direction of the emitter in the 
intended operation distance. 

The emitter shall be turned to rated voltage immediately. The rise time to 80 % and to 90 % of 
stationary condition irradiation at rated voltage shall be stated. 

The emitter is disconnected from the source after operating in continuous operation at rated 
voltage stationary condition. Then the time to 50 % and to 10 % of irradiation at stationary 
conditions is measured. 

7.6 Mechanical ruggedness 

7.6.1 Acceleration 

Tests concerning acceleration performance of infrared emitters shall be conforming to 
IEC 60068-2-7 with the following exception: 

Infrared emitters tend to differ strongly in their tolerance of maximum acceleration depending 
on their orientation to the direction of acceleration and they are usually accelerated during 
operation in one defined direction. Therefore, tests shall be performed for all relevant 
directions and results shall be stated separately. Relevant directions are the fundamental 
directions or axes of symmetry of the emitter, i.e. for a tubular straight emitter two directions 
for any 3D formed three directions are necessary. 

Infrared emitters can be quite large, so linear acceleration is preferred to centrifugal 
acceleration. 

7.6.2 Vibration 

Tests to characterise the vibration performance of infrared emitters shall conform with 
IEC 60068-2-6 with the following exception: 

Infrared emitters tend to differ strongly in their tolerance of maximum vibration depending on 
their orientation to the direction of acceleration. Direction of the vibrating during operation can 
be mainly in one preferred direction. Therefore tests shall be performed for all relevant 
directions and results shall be stated separately. Relevant directions are the fundamental 
directions or axes of symmetry of the emitter, i.e. for a tubular straight emitter two directions 
for any 3D formed three directions are necessary. 

7.7 Lifetime of infrared emitters 

7.7.1 General 

The lifetime of infrared emitters with the exception of arc lamps is usually interpreted as the 
time elapsed after which 50 % of identical infrared emitters are still operable under the 
assumption that all emitters were operated as intended, never stressed throughout their 
lifetime and no mechanical cause for breakage occurred. Sometimes a Weibull statistics 
approach can be chosen to further identify when emitters tend to fault over time of operation. 

Full document details: IEC 62798 2014

http://avadocuments2026.com/doc/iec-62798-2014
http://avadocuments2026.com/doc/iec-62798-2014

