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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Fire hazard testing -
Part 2-16: Glowing/hot-wire test methods -
Summary of the round robin tests related to the use of pyrometer for
glow-wire temperature measurements according to |EC 60695-2-10

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TR 60695-2-16 has been prepared by IEC technical committee 89: Fire hazard testing. It
is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

89/1611/DTR 89/1621/RVDTR

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

The language used for the development of this Technical Report is English.
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A list of all parts in the IEC 60695 series, published under the general title Fire hazard testing,
can be found on the IEC website.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,
— withdrawn, or

— revised.
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INTRODUCTION

Since over the recent years new technologies related to the measurement of temperature are
increasing on the market, IEC Technical Committee 89 "Fire hazard testing" has decided to
investigate the possibility to improve the temperature measurement system described in the
IEC 60695-2-1d.

Therefore, during its 2019 plenary meeting, the IEC TC 89 created the Ad-Hoc Group 14 "Glow-
wire testing; Optimization of the temperature measuring system" with the task to investigate
ossible variation factors affecting the current temperature measurement system described in
EC 60695-2-10 and consequentially to possibly develop a proposal for improvement of
EC 60695-2-10.

Between 2019 and 2023 the Ad-Hoc Group activities focused on:

— Evaluation of the possible displacement of the thermocouple within the glow-wire pocket
hole;

— Evaluation of the comparability of temperature measurements between the thermocouple
and the pyrometer

During the investigation of the above-mentioned items, the Ad-Hoc Group 14 performed a pre-
round robin test, where the participation was limited to the Ad-Hoc Group 14 members, and two
round robin tests, where the participation was open to all National Committee experts.

The outcome of the work of the Ad-Hoc Group resulted in a proposal for a new Annex to
IEC 60695-2-10, describing the minimum technical characteristics and usage conditions for the
pyrometer, as alternative temperature measurement system to the thermocouple.

The IEC has decided to develop this Technical Report for knowledge retention purposes as well
as to create a reference for future activities either related to the improvement of JEC 60695-2-1(
or for other projects involving the execution of round robin activities.

10 Documents

Document Sharing Hub

Full document details: PD IEC TR 60695-2-16:2025


https://doi.org/10.3403/02276304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/02276304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/02276304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/02276304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/02276304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-iec-tr-60695-2-16-2025
http://www.avadocuments.com/doc/pd-iec-tr-60695-2-16-2025

IEC TR 60695-2-16:2025 © IEC 2025

1 Scope

This part of IEC 60695-2 specifies the results of the round robin tests related to the use of the
pyrometer, for the measurement of the glow-wire temperature, according to |JEC 60695-2-1(.

This Technical Report summarize the objectives and the results of a pre-round robin test and
two round robin tests, performed by the IEC: "Glow-wire testing: Optimization of the temperature
measuring system".

The outcome of the work conducted by the IEC resulted in a proposal for a new Annex in
IEC 60695-2-10, describing the minimum technical characteristics and usage conditions for the
pyrometer, as an alternative temperature measurement instrument to the thermocouple.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

ISO 13943:2023, Fire safety — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943:2023 as well
as the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

— |EC Electropedia: available at https://www.electropedia.org/
— IS0 Online browsing platform: available at https://www.iso.org/obp

3.1

pyrometer

device for non-contact temperature measurement which It measures the electromagnetic
radiation emitted by the measured object

Note 1 to entry: Pyrometer is also known as infrared-thermometer.

3.2

round robin test

process in which one or more items are tested according to a specific protocol by a number of
different laboratories

[SOURCE: IEC TR 63250:2021, 3.13, modified — The term "testing" has been replaced by
"test".]

4 Pre-round robin test

4.1 General

The pre-round robin test was organized by the IEC to investigate some assumptions related to
the limitations of the glow-wire temperature measurement system. In the pre-round robin test
only certain working group members have participated.
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4.2 Pre-round robin test objectives

The pre-round robin test aimed to investigate the items reported in Table 1.

Table 1 — Pre-round robin test objectives

Investigation item

Investigation scope and method

Optional /
Required task

Glow-wire pocket hole depth Scope: To assess differences in dimensions between Optional
- - different suppliers of glow-wire tips and between ;
Glow-wire pocket hole diameter | gitferent glow-wire tips from the same supplier. Optional
Method: The glow-wire images are obtained through X-
Ray CT scan and the subject dimensions are measured
by image software analyzer
Thermal contact between the tip Scope: To verify if heating and cooling cycles of the a) Required
of the thermocouple and the end | glow-wire tip with inserted the thermocouple, simulating )
on the pocket hole prolonged use of the set, can lead to the displacement b) Required
of the thermocouple within the pocket hole and therefore c) Optional

affect the thermocouple temperatures measurement.
Method:

a) Perform the one-point temperature measurement
verification described in IEC 60695-2-10:2021
Clause 5.2, measuring the Silver (Ag) foil melting
temperature either by thermocouple and/or
pyrometer, before and after having performed
heating and cooling cycles of the glow-wire with
inserted thermocouple.

b) The glow-wire temperature (°C) measured by
thermocouple and by pyrometer, together with the
heating current (A), are recorded and then plotted as
described in Annex B, before and after having
performed heating and cooling cycles of the glow-
wire with inserted thermocouple.

c) Images of the glow-wire with inserted thermocouple
are obtained through X-Ray CT scan and contact
between the thermocouple tip and the pocket hole
end is verified by image software analyzer before
and after having performed heating and cooling
cycles of the glow-wire with inserted thermocouple.

NOTE Since not all laboratories participating to the pre-round robin test were able to use a pyrometer, the
investigation items reported in Table 1 involving the use of the pyrometer were set as optional.

4.3 Pre-round robin test plan

The following summarizes the steps of the test plans for the pre-round robin test. To meet the
needs of different laboratories, two test plans were provided. A short test plan consisting of five
heating and cooling cycles of the glow-wire tip and a long test plan consisting of nine heating
and cooling cycles of the glow-wire tip. In Figure 1 the pre-round robin test plans are

summarized.
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X-Ray CT SCan

(optional)

v

One-point verification
(IEC 60695-2-10:2021 CI. 5.2)

+| Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
| Heating current (A), thermocouple and pyrometer temperatures (°C)

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C

l Heating current (A), thermocouple and pyrometer temperatures (°C)

One-point verification
(IEC 60695-2-10:2021 CI. 5.2)

.| Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
| Heating current (A), thermocouple and pyrometer temperatures (°C)

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
Heating current (A), thermocouple and pyrometer temperatures (°C)

Short test plan?

v

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
Heating current (A), thermocouple and pyrometer temperatures (°C)

X-Ray CT SCan

(optional)

v

One-point verification
End short test pl
(IEC 60695-2-10:2021 Cl. 5.2)

+

One-point verification
(IEC 60695-2-10:2021 CI. 5.2)

.| Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
| Heating current (A), thermocouple and pyrometer temperatures (°C)

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C

l Heating current (A), thermocouple and pyrometer temperatures (°C)

One-point verification
(IEC 60695-2-10:2021 CI. 5.2)

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
Heating current (A), thermocouple and pyrometer temperatures (°C)

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
Heating current (A), thermocouple and pyrometer temperatures (°C)

v

Measurements at glow-wire: 950 °C, 850 °C, 750 °C, 650 °C, 550 °C
Heating current (A), thermocouple and pyrometer temperatures (°C)

X-Ray CT SCan

(optional)

v

One-point verification End long test plan
(IEC 60695-2-10:2021 CI. 5.2)

Figure 1 — Pre-round robin test plans

4.4 Pre-round robin test participants

IEC

Table 2 summarizes the laboratories that participated in the pre-round robin test, the related
test plan adopted and test apparatus.
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Table 2 — Pre-round robin test participants and test conditions

Laboratory 1 2 3 4 5 6 7 8 9 10
Country JP ES FR IT DE NL JP us JP JP
Test plan Long Short Short Short Long Short Long Short Long Long
applied
Used a new No Yes Yes No Yes No Yes Yes Yes No

glow-wire tip

Used a new No Yes No No No No Yes Yes Yes No
thermocouple

Used X-Ray CT No No Yes No Yes No No No Yes Yes
scan
Used No No No No Yes No No Yes No No
pyrometer

NOTE Laboratory 9 and Laboratory 10 are results from the same laboratory that has performed the pre-round
robin test by using both new and used glow-wire tip and thermocouple sets.

4.5 Pre-round robin test results
4.5.1 Glow-wire pocket hole dimensions variation
4.51.1 General

Using the X-Ray CT scan apparatus, it was possible to capture images of the glow-wire tips
used for the pre-round robin test. The captured images were then measured via image editing
software to calculate the various dimensions of the glow-wire tip and its pocket hole.

The X-Ray CT scan provided images of the glow-wire structure over three axes, XY (frontal
view of the glow-wire tip), ZX (top view of the glow-wire tip) and YZ (side view of the glow-wire
tip), as shown in Figure 2.

Results evidenced that the capture images for the XY and ZX axes are very clear, allowing
precise measurements, while captured images for the YZ axe, due to the amount of material of
the glow-wire tip (Nickel-Chromium) between the X-Ray CT scan sensor and the pocket hole,
are blurry and with less clear edges, therefore the related measurements were less accurate.

As explained in 4.2, X-Ray CT Scan images of the glow-wire tip with and without the
thermocouple inserted, were taken at the begin of the pre-round robin test and at the end of the
pre-round robin test, after the glow-wire and thermocouple assembly was subject to simulated
temperature variation cycles, as shown in Figure 1.

In Figure 1 the reference areas of the glow-wire and the related pocket hole that were measured
are evidenced. Explanation of the measured areas is provided in Table 3.
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(71 mm)

IEC

Figure 2 — Glow-wire and pocket hole measured areas

NOTE In Figure 1, the points 18 to 22 were measured only after having completed the heating cycles with the
thermocouple inserted into the pocket hole.

Table 3 — Glow-wire and pocket hole measured areas descriptions

Measured Description Measurement scope
point
1 Frontal view — Glow-wire tip thickness These measurements are intended to verify the
- . - alignment of the pocket hole to the glow-wire median
2 Frontal view — Glow-wire tip thickness axes. Measures 1 and 3 verify alignment over the
3 Frontal view — Glow-wire tip thickness hquzontal axe, while measures 2 and 4 verify
alignment over the vertical axe.
4 Frontal view — Glow-wire tip thickness
5 Top view — Pocket hole diameter These measurements are intended to verify if the
- - pocket hole diameter is constant along its length and
6 Top view — Pocket hole diameter possible variation of dimensions between different
7 Top view — Pocket hole diameter glow-wire tips.
8 Top view — Full pocket hole length This measurement is intended to verify possible
(depth) variation between different glow-wire tips.
9 Top view — Glow-wire tip thickness This measurement is intended to verify possible
variation between different glow-wire tips.
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Measured Description Measurement scope
point

Top view — Pocket hole cylindrical area This measurement is intended to verify possible
10 length (dept) variations between different glow-wire tips for the
pocket hole cylindrical section length.

11 Top view — Glow-wire diameter These measurements are intended to verify possible
- - - variations between different glow-wire tips for its

12 Top view — Glow-wire diameter diameter after bending.

13 Side view — Pocket hole diameter These measurements are intended to verify if the

pocket hole diameter is constant along its length and
possible variation of dimensions between different
Side view — Pocket hole diameter glow-wire tips. Together with measurements 5, 6 and 7
15 it is verified also if the pocket hole has circular or
ovalized shape.

14 Side view — Pocket hole diameter

16 Side view — Glow-wire thickness These measurements are intended to verify the

- - - - alignment of the pocket hole to the glow-wire vertical
17 Side view — Glow-wire thickness median axe.
18 Frontal view — Pocket hole airgap These measurements are intended to verify the

- - possible presence of an airgap between the tip of the

19 Frontal view — Pocket hole airgap thermocouple and the end of the pocket hole.
20 Frontal view — Pocket hole airgap
21 Frontal view — Pocket hole airgap
22 Frontal view — Pocket hole airgap

NOTE The points 18 to 22 were measured only after having completed the heating cycles.

Table 4 reports the results of the glow-wire X-Ray CT Scan measurements performed by five
laboratories. For each laboratory the measurement results are reported at start and end of the
pre-round robin test.

Table 4 — X-Ray CT scan images measurements results

Meas_ured Laboratory 1 Laboratory 3 Laboratory 5 Laboratory 9 Laboratory 10
point Start End Start End Start End Start End Start End
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
1 1,095 - 1,190 1,200 1,548 - 1,055 1,070 1,155 1,155
2 2,070 - 2,100 2,140 3,215 - 2,290 2,285 2,355 2,550
3 1,295 - 1,230 1,130 1,564 - 1,440 1,435 1,490 1,470
4 2,255 - 1,980 1,980 3,295 - 2,155 2,155 2,395 2,355
5 1,130 - 1,110 1,130 1,068 - 1,000 1,020 1,020 1,020
6 1,060 - 1,050 1,110 1,068 - 1,020 1,030 0,960 0,980
7 1,040 - 1,070 0,970 1,054 - 1,030 1,030 0,930 0,940
8 3,810 - 3,760 3,890 3,095 - 3,550 3,600 3,690 3,860
9 0,540 - 0,450 0,410 0,590 - 0,580 0,600 0,260 0,250
10 3,550 - 3,550 3,650 2,770 - 3,240 3,240 3,420 3,560
11 4,115 - 4,010 4,010 3,942 - 3,932 3,946 3,719 3,889
12 4,122 - 3,980 3,980 3,892 - 3,769 3,790 3,903 3,760
13 1,150 - 1,110 - 1,060 - 1,015 1,010 1,010 1,050
14 1,165 - 1,060 - 1,102 - 1,055 1,030 1,005 1,050
15 1,275 - 1,070 - 1,091 - 1,270 1,500 1,050 1,070
16 1,545 - 1,550 - 1,574 - 1,640 1,295 1,670 1,630
17 1,455 - 1,560 - 1,532 - 1,300 1,630 1,360 1,310
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Meas_ured Laboratory 1 Laboratory 3 Laboratory 5 Laboratory 9 Laboratory 10
point Start End Start End Start End Start End Start End
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

18 - - 0,160 - 0,090 - 0,280 0,340 0,180 0,370

19 - - 0,060 - 0,030 - 0,150 0,130 0,150 0,290

20 - - 0,064 - 0,060 - 0,100 0,170 0,030 0,370

21 - - 0,141 - 0,070 - 0,098 0,120 0,000 0,309

22 - - 0,160 - 0,100 - 0,130 0,113 0,156 0,158

It is noted that Laboratory 1 has not been able to provide results for the airgap between the
thermocouple tip and the glow-wire pocket hole end (measurements 18, 19, 20, 21 and 22) as
well as measurements at the test plan end. Laboratory 3 has not been able to provide results
at the test plan end for measurement points from 13 to 22. Laboratory 5 has not been able to
provide results for the measurements at the test plan end.

4.5.1.2 Glow-wire pocket hole alignment

The measurement results of the pocket holes alignment to the glow-wire tip’s central axes, at
the beginning of the test plan, are reported in Table 5. In Table 6 the comparison is provided of
the results between measurements at beginning of the test plan and measurements at the end
of the test plan. In Table 7 the images of the measured glow-wire tips and the analysis of the
results at the beginning of the test plan are provided.

Table 5 — Glow-wire and pocket hole alignment measurements (beginning of test plan)

Measured Lab 1 Lab 3 Lab 5 Lab 9 Lab 10 Measurements
point results results results results results Difference %
(mm) (mm) (mm) (mm) (mm)
1 1,095 1,190 1,580 1,055 1,155 43,21
2 2,070 2,100 3,217 2,290 2,355 47,66
3 1,295 1,230 1,572 1,440 1,490 24,33
4 2,255 1,980 3,313 2,155 2,395 55,09
Horizontal
misalignment - 0,200 - 0,040 -0,016 - 0,385 - 0,335 -
1Vs3
Vertical
misalignment -0,185 +0,120 - 0,080 -0,135 - 0,040 -
2Vs 4

The measured dimensions in Table 5 are not currently specified in |EC 60695-2-10, however
were determined to be critical to quality.
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Table 6 — Glow-wire and pocket hole alignment results comparison

Measured points
1 2 3 4
Laboratory 1 Start (mm) 1,095 2,070 1,295 2,255
End (mm) - - - -
Difference (mm) - - - -
Difference (%) - - - -
Laboratory 3 Start (mm) 1,190 2,100 1,230 1,980
End (mm) 1,200 2,140 1,130 1,980
Difference (mm) + 0,010 + 0,040 -0,100 0,000
Difference (%) + 0,840 + 1,905 - 8,130 0,000
Laboratory 5 Start (mm) 1,580 3,217 1,572 3,313
End (mm) - - - -
Difference (mm) - - - -
Difference (%) - - - -
Laboratory 9 Start (mm) 1,055 2,290 1,440 2,155
End (mm) 1,070 2,285 1,435 2,155
Difference (mm) + 0,015 - 0,005 - 0,005 0,000
Difference (%) +1,422 - 0,218 - 0,347 0,000
Laboratory 10 Start (mm) 1,155 2,355 1,490 2,395
End (mm) 1,155 2,550 1,470 2,355
Difference (mm) 0,000 + 0,195 - 0,020 - 0,040
Difference (%) 0,000 + 8,280 - 1,342 - 1,670
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Table 7 — Glow-wire and pocket hole alignment analysis results (beginning of test plan)

Laboratories glow-wire tip images Analysis results

Laboratory 1 Evidenced slight vertical and horizontal misalignment
toward the top right corner (less than or equal to
0,2 mm difference between all measurement points).

IEC

Laboratory 3 Evidenced good horizontal alignment (less than 0.1
mm difference between measurement points 1 and 3)
while there is a slight vertical misalignment to the left
side (less than 0,2 mm difference between
measurement points 2 and 4).

IEC

Laboratory 5 Evidenced good alignment on both vertical and
horizontal axes (less than 0,1 mm difference between
all measurement points).

IEC

Laboratory 9 Evidenced significant horizontal misalignment (more
than 0.3 mm difference between measurement points
1 and 3) and slight vertical misalignment (less than
0,2 mm difference between measurement points 2 and
4).

IEC
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Laboratories glow-wire tip images Analysis results

Laboratory 10 Evidenced significant horizontal misalignment (more
than 0.3 mm difference between measurement points
1 and 3) and good vertical alignment (less than

0,1 mm difference between measurement points 2 and
4).

IEC

No significant differences of results between the begin of the test plan and the end of the test
plan were noted.

4.51.3 Glow-wire pocket hole depth

The following is a summary of the results related to the glow-wire pocket hole depth
measurements.

Figure 3 shows the analyzed measured points and Table 8 reports the measurements results
at the beginning of the test plan. Values reported in red do not meet the specified requirements
in |IEC 60695-2-10. Table 9 reports the results comparison between measurements at the
beginning of the test plan and measurements at the end of the test plan.

IEC

Figure 3 — Pocket hole depth measurement points
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Table 8 — Pocket hole depth measurements results (beginning test plan)

Measured Lab 1 Lab 3 Lab 5 Lab 9 Lab 10 Measurement
point results results results results results requirement difference %
(mm) (mm) (mm) (mm) (mm) (mm)
8 3,810 3,760 3,724 3,550 3,690 3,130~3,670 7,01
9 0,540 0,450 0,590 0,580 0,260 0,400~0,800 68,18
10 3,550 3,550 3,331 3,240 3,420 No 9,07

The results evidence that four laboratories out of five, the measured pocket hole length is not
in compliance with the JEC 60695-2-10 requirements. In addition, Laboratory 10, which used an
old glow-wire tip, evidenced that the glow-wire tip thickness (measure 9, from the end of the
ocket hole to the external surface of the glow-wire) is significantly lower than the
EC 60695-2-10 requirements, despite its diameter meets the 97,5 % requirement specified in
IEC 60695-2-10:2021, 5.1.

NOTE 1 |IEC 60695-2-10:2021 provides, in 4.1, a requirement for the tip diameter of 4,00 mm % 0,07 mm (before
bending) as well as the requirement for the glow-wire tip thickness (measurement point 9) of 0,6 mm + 0,2 mm.
Based on these the requirement range of 3,130 mm to 3,670 mm provided for the measurement point 8 has been
calculated.

NOTE 2 Since in IEC 60695-2-10:2021, 4.1, the requirement related to the glow-wire diameter applies before

bending but the same requirement is not specified after its bending, for the evaluation of this pre-round robin test
results, it is therefore assumed that the requirement applies evenly after bending.

Table 9 — Pocket hole depth measurements results comparison

Measured points
8 9 10
Laboratory 1 Start (mm) 3,810 0,540 3,550
End (mm) - - -
Difference (mm) - - -
Difference (%) - - -
Laboratory 3 Start (mm) 3,760 0,450 3,550
End (mm) 3,890 0,410 3,650
Difference (mm) + 0,130 - 0,040 + 0,100
Difference (%) + 3,457 - 8,889 + 2,817
Laboratory 5 Start (mm) 3,724 0,590 3,331
End (mm) - - -
Difference (mm) - - -
Difference (%) - - -
Laboratory 9 Start (mm) 3,550 0,580 3,240
End (mm) 3,600 0,600 3,240
Difference (mm) + 0,050 + 0,020 0,000
Difference (%) + 1,408 + 3,448 0,000
Laboratory 10 Start (mm) 3,690 0,260 3,420
End (mm) 3,860 0,250 3,560
Difference (mm) + 0,170 - 0,010 + 0,140
Difference (%) + 4,607 - 3,846 + 4,094
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No significant variation of measurements between beginning of the test plan and end of the test
plan were evidenced.

4514 Glow-wire pocket hole diameter

The following gives a summary of the results related to the glow-wire pocket hole diameter
measurements.

Figure 4 shows the analyzed measured points and Table 10 reports the measurements results
at the beginning of the test plan. Values reported in red do not meet the specified requirements
in [IEC 60695-2-10.

IEC

Figure 4 — Pocket hole diameter measurement points

Table 10 — Pocket hole diameter measurements results (beginning test plan)

Measured Lab 1 Lab 3 Lab 5 Lab 9 Lab 10 Measurement
point results results results results results requirement difference %
(mm) (mm) (mm) (mm) (mm) (mm)

5 1,130 1,110 1,076 1,000 1,020 > 1,000 12,18

6 1,060 1,050 1,076 1,020 0,960 > 1,000 11,23

7 1,040 1,070 1,097 1,030 0,930 > 1,000 16,16

13 1,150 1,110 1,082 1,015 1,010 > 1,000 13,04

14 1,165 1,060 1,103 1,055 1,005 > 1,000 14,85

15 1,275 1,070 1,135 1,270 1,050 > 1,000 19,40

The results evidence that Laboratory 10 reported two measurements below the provided
requirement in [EC 60695-2-10. As visually summarized in Figure 5, Laboratory 1 glow-wire tip
pocket hole diameter measurements show appreciable differences between the two
measurement sets (measures 5, 6 and 7, versus measures 13, 14 and 15), noting an ovalized
pocket hole. Laboratory 3 and Laboratory 5 results showed no significant differences between
the measurements, confirming the cylindrical shape of the pocket holes. Laboratory 9 results
(new glow-wire used) shows significant measurement differences in the second set of
measurements (in particular measurement 15), nothing a significant ovalization of the pocket
hole entrance area.
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Figure 5 — Graph of pocket hole diameter measurements
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It is understood that as explained in 4.5.1, due to less accurate measurement of X-Ray CT scan
images from axis YZ, the results of measurement points 13, 14 and 15 might vary from points
5, 6 and 7. This variation is clearly noticeable for Laboratory 1 and Laboratory 9 measurements

point 15, as shown in Figure 5.

In Table 11 the comparison of the results between measurements at the beginning of the test
plan and measurements at the end of the test plan is reported.

Table 11 — Pocket hole diameter measurements results comparison

Full document details: PD IEC TR 60695-2-16:2025

Measured points
5 6 7 13 14 15
Laboratory 1 Start (mm) 1,130 1,060 1,040 1,150 1,165 1,275
End (mm) - - - - - -
Difference (mm) - - - - - -
Difference (%) - - - - - -
Laboratory 3 Start (mm) 1,110 1,050 1,070 1,110 1,060 1,070
End (mm) 1,130 1,110 0,970 - - -
Difference (mm) + 0,020 + 0,060 - 0,100 - - -
Difference (%) + 1,802 +5,714 - 9,346 - - -
Laboratory 5 Start (mm) 1,076 1,076 1,097 1,082 1,103 1,135
End (mm) - - - - - -
Difference (mm) - - - - - -
Difference (%) - - - - - -
Laboratory 9 Start (mm) 1,000 1,020 1,030 1,015 1,055 1,270
End (mm) 1,020 1,030 1,030 1,010 1,030 1,500
Difference (mm) + 0,020 + 0,010 0,000 - 0,005 - 0,025 + 0,230
Difference (%) + 2,000 + 0,980 0,000 - 0,493 - 2,370 + 18,110
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Measured points
5 6 7 13 14 15
Laboratory 10 Start (mm) 1,020 0,960 0,930 1,010 1,005 1,050
End (mm) 1,020 0,980 0,940 1,050 1,050 1,070
Difference (mm) 0,000 + 0,020 + 0,010 + 0,040 + 0,045 + 0,020
Difference (%) 0,000 + 2,083 + 1,075 + 3,960 + 4,478 + 1,905

No significant variation of measurements between beginning of the test plan and end of the test
plan were evidenced.

4.51.5 Glow-wire tip diameter and thickness

Measurements of the glow-wire tip diameters at beginning of the test
tips out of five were not in compliance to the requirements provided in

lan, confirmed that four

EC 60695-2-10 with two

tips having diameter oversized and two tips under sized as shown by measurement points 11
and 12 in Table 12. Values reported in red do not meet the specified requirements in

IEC 60695-2-1d.

Table 12 — Glow-wire tip diameter and thickness measurements results
(beginning of test plan)

Measured Lab 1 Lab 3 Lab 5 Lab 9 Lab 10 Measurement
point results results results results results requirements difference %
(mm) (mm) (mm) (mm) (mm) (mm)
11 4,115 4,010 4,184 3,932 3,719 3,930~4,070 11,65
12 4,122 3,980 4,148 3,769 3,903 3,930~4,070 9,51
16 1,545 1,550 1,605 1,640 1,670 No 7,80
17 1,455 1,560 1,594 1,300 1,360 No 20,22

Regarding the glow-wire tip thickness (measurement points 16 and 17 in Table 9), no relevant
outcomes are noted.

In Table 13 the comparison of results between measurements at beginning of the test plan and

measurements at the end of the test plan is reported.

Table 13 — Pocket hole depth measurements results comparison

Full document details: PD IEC TR 60695-2-16:2025

Measured points

11 12 16 17

Laboratory 1 Start (mm) 4,115 4,122 1,545 1,455
End (mm) - - - -
Difference (mm) - - - -
Difference (%) - - - -

Laboratory 3 Start (mm) 4,010 3,980 1,550 1,560
End (mm) 4,010 3,980 - -
Difference (mm) 0,000 0,000 - -
Difference (%) 0,000 0,000 - -
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Measured points
11 12 16 17
Laboratory 5 Start (mm) 4,184 4,148 1,605 1,594
End (mm) - - - -
Difference (mm) - - - -
Difference (%) - - - -
Laboratory 9 Start (mm) 3,932 3,769 1,640 1,300
End (mm) 3,946 3,790 1,295 1.630
Difference (mm) + 0,014 + 0,021 - 0,345 + 1,330
Difference (%) + 0,356 + 0,557 - 21,037 + 25,385
Laboratory 10 Start (mm) 3,719 3,903 1,670 1,360
End (mm) 3,889 3,760 1,630 1,310
Difference (mm) + 0,170 -0,143 - 0,040 - 0,050
Difference (%) + 4,571 -3,664 - 2,395 - 3,676

No significant variation of measurements between beginning of the test plan and end of the test
plan has been evidenced.

4.5.1.6 Thermocouple contact with the Glow-wire pocket hole end

Measurement results of the X-Ray CT Scan images of the glow-wire pocket hole with inserted
thermocouple at the beginning of the test plan are reported in Table 14. The results represent
the air gaps between the end of the pocket hole and the tip of the thermocouple.

Table 14 — Thermocouple airgap in glow-wire pocket hole measurements results
(beginning of test plan)

Measured point Laboratory 1 Laboratory 3 Laboratory 5 Laboratory 9 Laboratory 10

results results results results results

(mm) (mm) (mm) (mm) (mm)

18 Not measured 0,160 0,090 0,280 0,180

19 Not measured 0,060 0,030 0,150 0,150

20 Not measured 0,064 0,060 0,100 0,030

21 Not measured 0,141 0,070 0,098 0,000

22 Not measured 0,160 0,100 0,130 0,156

Gap minimum Not measured 0,060 0,030 0,098 0,000
Gap maximum Not measured 0,160 0,100 0,280 0,180
Gap average Not measured 0,117 0,070 0,152 0,103

In Figure 6 the details of the airgaps between the thermocouple tips and pocket hole ends of
the analyzed glow-wire tips at the beginning of the test plan are reported. Airgaps of
Laboratories 3 and 5 are almost negligible, while airgaps of laboratories 9 and 10 are clearly
visible.
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Figure 6 — Laboratories thermocouple airgap in glow-wire pocket hole

In Table 15 the comparison of the measurements at the beginning of the test plan and
measurements at the end of the test plan is reported.

Table 15 — Thermocouple airgap in glow-wire pocket hole results comparison

Measured points
18 19 20 21 22
Laboratory 1 Start (mm) - - - - -
End (mm) - - - - -
Difference (mm) - - - - -
Difference (%) - - - - -
Laboratory 3 Start (mm) 0,160 0,060 0,064 0,141 0,160
End (mm) - - - - R
Difference (mm) - - - - -
Difference (%) - - - - -
Laboratory 5 Start (mm) 0,090 0,030 0,060 0,070 0,100
End (mm) - - - - -
Difference (mm) - - - - -
Difference (%) - - - - -
Laboratory 9 Start (mm) 0,280 0,150 0,100 0,098 0,130
End (mm) 0,340 0,130 0,170 0,120 0,113
Difference (mm) + 0,060 - 0,020 + 0,070 + 0,022 - 0,017
Difference (%) + 21,429 - 13,333 + 70,000 + 22,449 - 13,077
Laboratory 10 | Start (mm) 0,180 0,150 0,030 0,000 0,156
End (mm) 0,370 0,290 0,370 0,309 0,158
Difference (mm) + 0,190 + 0,140 + 0,340 + 0,309 + 0,002
Difference (%) + 105,556 + 93,333 +1 133,333 | + 30 900,000 + 1,282

It is noted that only Laboratory 9 and Laboratory 10 were able to provide results of
measurements at end of test plan. Laboratory 10 measurements evidenced air gap variation
between the beginning of the test plan and the end of the test plan of more than 0,300 mm. No
other significant differences were evidenced.
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4.5.2 Thermal contact between thermocouple tip and pocket hole end
4.5.2.1 General

As described in Table 1, the possible changes of thermal contact between the thermocouple tip
and the glow-wire pocket hole end, due to movement of the thermocouple within the pocket
hole, were verified. Due to different thermal expansion coefficients between the thermocouple
(e.g., chromel/alumel for Type K or NiCrSi/NiSi for Type N) and the glow-wire (Nickel/Chrome)
it has been assumed that over time, the heating and cooling cycles to which the glow-wire with
inserted the thermocouple is subject to can lead to displacement of the thermocouple within the
pocket hole. The displacement can be either reversible or irreversible and, in both cases, can
impair the thermal contact between the thermocouple tip and the glow-wire pocket hole end due
to the generation of an airgap in-between them, leading to incorrect temperature measurements
by the thermocouple.

4.5.2.2 One-point temperature measurement verification

The one-point temperature measurement verification described in IEC 60695-2-10:2021, 5.2
was performed using simultaneously the thermocouple and the pyrometer to measure the silver
(Ag) foil melting temperature.

Results of the one-point temperature measurement verification by using the thermocouple are
provided in Table 16. In Figure 7 the different laboratories' results are shown regarding the
silver (Ag) foil melting temperature tolerance provided in [EC 60695-2-10.

Table 16 — One-point temperature measurement verification results by thermocouple

Measure 1 | Measure 2 |Measure 3 |[Measure 4 |Measure 5 | Measurement Min — Max
variation measurement
difference
[°°C] [°°C] [*°C] [*°C] [*°C] [°°CI %

Laboratory 1 960 967 967 960 962 + 3,5 0,72
Laboratory 2 959 961 962 - - +1,5 0,31
Laboratory 3 959 958 963 - - +2,5 0,52
Laboratory 4 968 958 959 - - +55 1,14
Laboratory 5 960 960 960 960 960 +0,0 0,00
Laboratory 6 956 961 966 - - +5,0 1,04
Laboratory 7 953 956 954 956 955 +1,5 0,31
Laboratory 8 961 956 953 - - +4,0 0,83
Laboratory 9 952 957 956 960 963 +55 1,14
Laboratory 10 959 960 963 965 965 + 3,0 0,62

It is noted that all results comply with the silver (Ag) foil melting temperature tolerance provided
in |IEC 60695-2-1d.

Laboratories 4, 6 and 9 evidenced high variation between maximum and minimum melting
temperatures recorded equal or higher than 10 °C.
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Figure 7 — Thermocouple silver foil melting temperatures by laboratory

In Table 17 the results of the silver (Ag) foil melting temperature measured by pyrometer are
reported. It is noted that only two laboratories were able to perform measurements using the
pyrometer. In Figure 8 the different laboratories' results are shown regarding the silver (Ag) foil
melting temperature tolerance provided in |JEC 60695-2-10.

Table 17 — One-point temperature measurement verification results by pyrometer

Full document details: PD IEC TR 60695-2-16:2025

Measure 1 |Measure 2 |Measure 3 |Measure 4 |Measure 5 | Measurement Min - max
variation measurement
difference
[*°C] [*°C] [*°C] [*°C] [*°C] [°C] %
Laboratory 5 960 960 959 960 956 +2 0,42
Laboratory 8 961 958 955 - - +3 0,62
28 Documents

Document Sharing Hub


https://doi.org/10.3403/02276304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-iec-tr-60695-2-16-2025
http://www.avadocuments.com/doc/pd-iec-tr-60695-2-16-2025

975
974
973
972
971
970
969
968
967
966
965
964
963
962
961
960
959
958
957
956
955
954
953
952
951
950
949
948
947
946
945

IEC TR 60695-2-16:2025 © IEC 2025

! Silver foil metting I

, temperature upper limit ::

Measure 1

Measure 2

| 1 Silver foil melting 1

1]

Measure 3

temperature lower limit I
B 1
- —_
i _Emaa i
Measure 4 Measure 5

m Lab5

B [abs

IEC

Figure 8 — Pyrometer silver foil melting temperatures by laboratory

The comparison of the silver (Ag) foil melting temperature measurements between the
thermocouple and the pyrometer do not evidence significant difference between the two
measurement systems, as shown in Table 18.

Table 18 — Silver foil melting temperature comparison thermocouple and pyrometer

Laboratory 5

Laboratory 8

Thermocouple Pyrometer Difference Thermocouple Pyrometer Difference
[°°C] [°°C] [°°C] [°°C] [°°C] [°°C]
Measure 1 960 960 0 961 961 0
Measure 2 960 960 0 956 958 2
Measure 3 960 959 1 953 955 2
Measure 4 960 960 0 - - -
Measure 5 960 956 4 - - -
4.5.2.3 Glow-wire heating current and measured temperature correlations

To complement the one-point verification, a correlation between the glow-wire heating current
and the measured temperature by the thermocouple was performed, as described in
IEC 60695-2-10:2021, Annex B, at the beginning of the test plan and between the different test
plan cycles. The results of the correlations of the different laboratories are shown in Table 19
to Table 28 and the related graphs are shown in Figure 9 to Figure 18.
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Table 19 — Laboratory 1 measured heating currents at target temperatures results

Measured current
[A]
Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 1 66,9 82,4 98,2 116,0 136,8
Cycle 2 68,0 82,4 98,8 115,7 139,2
Cycle 3 67,1 81,6 97,8 115,0 139,3
Cycle 4 68,0 82,4 98,6 116,1 136,2
Cycle 5 67,3 82,3 98,0 155,9 136,8
Cycle 6 67,9 82,4 98,3 116,1 -
Cycle 7 67,4 82,2 98,1 115,3 -
Cycle 8 67,4 82,0 98,2 115,5 -
Cycle 9 67,1 82,3 98,2 115,4 -
Current + 2 % limit 68,2 84,1 100,2 118,3 139,5
Current — 2 % limit 65,6 80,8 96,2 113,7 134,1

Laboratory 1 measured heating currents do not exceed the %2 % limits described in
IEC 60695-2-10:2021, Annex B.

NOTE 1 The + 2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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Figure 9 — Laboratory 1 measured heating currents at target temperatures plotting

Table 20 — Laboratory 2 measured heating currents at target temperatures results

Measured current
[A]

Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)

Cycle 1 66,1 80,9 97,0 114,6 136,0

Cycle 2 66,5 81,4 97,2 115,1 136,2

Cycle 3 66,7 80,7 97,2 115,2 136,5
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Measured current

[A]
Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 4 66,7 81,1 97,5 115,6 -
Cycle 5 66,3 80,6 96,8 115,4 -
Current + 2 % limit 67,4 82,5 98,9 116,9 138,7
Current — 2 % limit 64,8 79,3 95,1 112,3 133,3

Laboratory 2 measured heating currents do not exceed the *2 % limits described in
IEC 60695-2-10:2021, Annex B.

NOTE 2 The +2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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Figure 10 — Laboratory 2 measured heating currents at target temperatures plotting

Table 21 — Laboratory 3 measured heating currents at target temperatures results

Measured current
[A]

Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 1 67,9 82,0 98,0 115,9 138,6
Cycle 2 67,8 82,0 98,2 116,5 137,7
Cycle 3 67,9 82,6 98,5 116,0 138,4

Cycle 4 67,8 82,0 98,7 115,8 -

Cycle 5 67,8 82,3 98,2 115,9 -
Current + 2 % limit 69,3 83,6 100,0 118,2 141,4
Current — 2 % limit 66,5 80,4 96,0 113,6 135,8

Laboratory 3 measured heating currents do not exceed the %2 % limits described in
IEC 60695-2-10:2021, Annex B.

NOTE 3 The +2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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Figure 11 — Laboratory 3 measured heating currents at target temperatures plotting

Table 22 — Laboratory 4 measured heating currents at target temperatures results

Measured current
[A]

Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 1 65,4 79,2 94,6 110,9 133,7
Cycle 2 65,7 79,1 94,5 110,7 131,4
Cycle 3 64,8 79,1 94,4 111,2 133,3

Cycle 4 65,4 79,2 94,7 11,1 -

Cycle 5 65,4 78,9 94,9 111,1 -
Current + 2 % limit 66,7 80,8 96,5 1131 136,4
Current — 2 % limit 64,1 77,6 92,7 108,7 131,0

Laboratory 4 measured heating currents do not exceed the 12 % limits described in
IEC 60695-2-10:2021, Annex B.

NOTE 4 The +2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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Figure 12 — Laboratory 4 measured heating currents at target temperatures plotting

Table 23 — Laboratory 5 measured heating currents at target temperatures results

Measured current
[A]
Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 1 67,4 79,9 96,0 113,5 135,0
Cycle 2 65,1 80,3 96,2 113,6 134,3
Cycle 3 65,8 80,4 95,9 113,6 134,6
Cycle 4 66,6 81,2 97,2 113,7 134,2
Cycle 5 66,8 80,6 96,4 113,5 133,5
Cycle 6 66,0 80,3 95,4 113,4 -
Cycle 7 66,1 80,8 94,6 112,8 -
Cycle 8 65,8 79,6 94,6 112,2 -
Cycle 9 66,5 79,8 94,5 112,4 -
Current + 2 % limit 68,8 81,5 97,9 115,8 137,7
Current — 2 % limit 66,1 78,3 94,1 111,2 132,3

Laboratory 5 measured heating currents for target temperature 550 °C evidenced four
measurements over 9 that exceeded the 12 % limits described in |IEC 60695-2-10:2021,
Annex B.

NOTE 5 The 2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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Figure 13 — Laboratory 5 measured heating currents at target temperatures plotting

Table 24 — Laboratory 6 measured heating currents at target temperatures results

Measured current
[A]

Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 1 66,0 81,3 97,3 115,6 136,0
Cycle 2 66,9 81,5 97,6 115,0 137,4
Cycle 3 67,2 81,5 98,1 115,1 138,5

Cycle 4 67,3 82,0 98,1 115,8 -

Cycle 5 67,1 81,6 97,4 115,3 -
Current + 2 % limit 67,3 82,9 99,3 117,9 138,7
Current — 2 % limit 64,7 79,7 95,4 113,3 133,3

Laboratory 6 measured heating currents do not exceed the %2 % limits described in
IEC 60695-2-10:2021, Annex B.

NOTE 6 The £2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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Figure 14 — Laboratory 6 measured heating currents at target temperatures plotting

Table 25 — Laboratory 7 measured heating currents at target temperatures results

Measured current
[A]
Target temperature 550 650 750 850 950
(°C) (°C) (°C) (°C) (°C)
Cycle 1 66,0 81,0 98,0 113,0 133,0
Cycle 2 67,0 81,0 98,0 113,0 135,0
Cycle 3 66,0 81,0 98,0 114,0 133,0
Cycle 4 67,0 81,0 98,0 114,0 134,0
Cycle 5 66,0 81,0 98,0 114,0 134,0
Cycle 6 67,0 81,0 98,0 113,0 -
Cycle 7 67,0 81,0 98,0 114,0 -
Cycle 8 67,0 81,0 98,0 114,0 -
Cycle 9 67,0 81,0 98,0 114,0 -
Current + 2 % limit 67,3 82,6 100,0 115,3 135,7
Current — 2 % limit 64,7 79,4 96,0 110,7 130,3

Laboratory 7 measured heating currents do not exceed the 12 % limits described in
IEC 60695-2-10:2021, Annex B.

NOTE 7 The £2 % limit is calculated on the heating current measurement of the test plan cycle 1.
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