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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHOD FOR THE DETERMINATION OF THE PROOF AND THE

COMPARATIVE TRACKING INDICES OF SOLID INSULATING MATERIALS

9)

FOREWORD

d Q

The object of IEC is to\p
rnational co-operation on all questions concerning standardization in the electrical and electronic fig
end and in addition to other activities, IEC publishes International Standards, Technical ,Specifiq
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred/to a

the International Organization for Standardization (ISO) in accordance with conditions determi
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nedrly as possible, an interr
ensus of opinion on the relevant subjects since each technical committeé has representation f|
intdrested IEC National Committees.

IEQ Publications have the form of recommendations for international ‘'use”and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the\way in which they are used or
misfnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National {Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in their «dational and regional publications. Any divg
between any IEC Publication and the corresponding natienal or regional publication shall be clearly indig
thellatter.

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
seryices carried out by independent certificatiofi~bodies.

Al

No [liability shall attach to IEC or its directors, employees, servants or agents including individual expe]
members of its technical committeesiand IEC National Committees for any personal injury, property dan
other damage of any nature whatseever, whether direct or indirect, or for costs (including legal feq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Publications.

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

Attention is drawn to the_.Nermative references cited in this publication. Use of the referenced publica
indispensable for the correct application of this publication.

Attention is drawn ¢o the possibility that some of the elements of this IEC Publication may be the su
patent rights. IECSshall not be held responsible for identifying any or all such patent rights.

This [commented version (CMV) of the official standard IEC 60112:2020 editio
allowp the)user to identify the changes made to the previous edition IEC 60112
+AMD1:2009 CSV edition 4.1. Futhermore, comments from IEC TC 112 expert

provided to explain the reasons of the most relevant changes.
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A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts’ comments are identified by
a blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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International Standard IEC 60112 has been prepared by IEC technical committee 112:
Evaluation and qualification of electrical insulating materials and systems.

This fifth edition cancels and replaces the fourth edition published in 2003 and
Amendment 1:2009. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

e Introduction of a new contaminant, solution C with a surfactant aligned with the test
method of IEC 60587. The definition of the solution B was transferred to Annex B for

bgckward Teference:

¢ Infroduction of a screening test, considering the fact that some materials can.withstand
high test voltages, but fail at lower test voltages.

It has|the status of a basic safety publication in accordance with IEC Guide 104.

The text of this International Standard is based on the following documents:

FDIS Report on voting

112/479/FDIS 112/484/RVD

Full information on the voting for the approval of this International Standard can be folind in
the refport on voting indicated in the above table.

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

The cpmmittee has decided that the contents.of this document will remain unchanged urtil the
stability date indicated on the IEC websitetunder "http://webstore.iec.ch" in the data related to
the sgecific document. At this date, theidecument will be
e refonfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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METHOD FOR THE DETERMINATION OF THE PROOF AND THE

2020

COMPARATIVE TRACKING INDICES OF SOLID INSULATING MATERIALS

1 Scope

This document specifies the method of test for the determination of the proof and comparative
tracking indices of solid insulating materials on pieces taken from parts of equipment and on
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ocument provides a procedure |1 for the determination of erosion when required.

The proof tracking index is used as an acceptance criterion as well as a means for-the,quality col
Is and fabricated parts. The comparative tracking index is mainly used for the basic\characterizati
ison of the properties of materials.

est method evaluates the composition of the material as welNas the surface

al being evaluated. Both the composition and surface conditien directly influeng
5 of the evaluation and are considered when using the(results in material sel
5S. |2

esults-cannot-beused are not directly suitable ' 3 for the evaluation of safe cre
ces when designing electrical apparatus.

2 This is in compliance with IEC 60664-1, Insulation coordination for equipment within low-
s — Part 1: Principles, requirements and tests. |4

3 This test discriminates between materials "with relatively poor resistance to tracking, and tho
te or good resistance, for use in equipmentawhich can be used under moist conditions. More severe
duration are-reguired available |5 for the.assessment of performance of materials for outdoor use,
oltages and larger test specimens (see-the inclined plane test of IEC 60587). Other test methods 9
ined method-may can rank materials,in)a different order from the drop test given in this document. |6

asic safety publication focusing on a safety test method is primarily intended for |
cal committees in theé jpreparation of safety publications in accordance wit
bles laid down in [EC Guide 104 and ISO/IEC Guide 51.

safety publications in the preparation of its publications. |7
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pllowing documents are referred to in the text in such a way that some or all o

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.



Editorial clarification.

Additional note to highlight that IEC 60664-1 and IEC 60112 are interconnected documents.

Editorial changes as no requirements are allowed in notes.

A general remark regarding the ongoing discussions to look at material test methods at voltages between 600 and 1000 V: It is not prohibited to run this test method at higher voltages (e.g. up to 1000 V), but you have to make sure that the test results are validated. However, this is not recommended as this would not be within the scope of this standard. Section 11.2 was added to address this. There is also currently no commercially available test equipment which enables testing at higher voltages.

Both new paragraphs have been added due to new ISO/IEC guideline as this document is concerned with a safety function.

IEC Guide 104:1997 has been removed as a normative reference because IEC Guide 104:2019 no longer requires this to be included in Clause 2.

Moved from normative references to the bibliography.

Moved from normative references to the bibliography.

Moved from normative references to the bibliography.

This new paragraph highlights that the surface structure of the material has also a significant influence on the results.

Editorial correction.

https://iecnorm.com/api/?name=1c2d42949d617dfd99284daa75e32bba
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ISO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Terms, definitions and surface texture parameters 13

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

ISO and IEC maintain terminological databases for use in standardization at the following
addrepses:

o |E[C Electropedia: available at http://www.electropedia.org

e ISP Online browsing platform: available at http://www.iso.org/obp 14

3.1
tracking
progrgssive formation of conducting paths, which are produced on the\surface and/or within a
solid |insulating material, due to the combined effects of electric’ stress and electyolytic
contamination

3.2
tracking failure
failurg of insulation due to tracking between-cenducting sonductive 15 parts

Note 1|to entry: In the present test, tracking is indicated “by operation of an over-current device due|to the
passade of a current-efat-least 0;5-Aforatleast2s 16 across the test surface and/or within the specimen.

3.3
electrical erosion
wearing away of insulating material by_the action of electrical discharges

3.4
air arg
arc bgtween the electrodes above the surface of the specimen

3.5
complarative tracking index
CTI
numefical valué.of the maximum voltage (in V) A7 at which five test specimens withstand the
test period for. 50 drops without tracking failure and without a persistent flame occurring and
including qalso a statement relating to the behaviour of the material when tested |using
100 drops (see 11.3)

Note 1 to entry: No tracking failure and no persistant flame are allowed at any lower test voltage. 18
Note 2 to entry: The criteria for CTl may also require a statement concerning the degree of erosion.

Note 3 to entry: Although a non-persistent flame is allowed in the test without constituting failure, materials which
generate no flame at all are preferred unless other factors are considered to be more important. See also Annex A.

Note 4 to entry: Some materials can withstand high test voltages, but fail at lower test voltages. See also 11.2. 19

3.6
persistent flame

in-case-of dispute—one flame 20 which burns for more than 2 s



Moved from normative references to the bibliography.

ISO 4287 is added as it is required for the sample preparation.

Editorial correction.

Editorial corrections as no requirements are allowed in terms and definitions.

Editorial addition.

Addition as we need to ensure we do not have failures at lower voltages although some materials can also pass criteria at higher voltages.

Addition as we need to ensure we do not have failures at lower voltages although some materials can also pass criteria at higher voltages.

Correction due to IEC rules.

Editorial addition due to new ISO/IEC guideline.

https://iecnorm.com/api/?name=1c2d42949d617dfd99284daa75e32bba
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3.7

proof tracking index

PTI

numerical value of the proof voltage (in V) at which five test specimens withstand the test
period for 50 drops without tracking failure and without a persistent flame occurring

Note 1 to entry: Although a non-persistent flame is allowed in the test without constituting failure, materials which
generate no flame at all are preferred unless other factors are considered to be more important. See also Annex A.

3.8
de-ionized water
water for analytical laboratory use in accordance with ISO 3696, grade 3, or equivalent quality 21

4 Principle

The Upper surface of the test specimen is supported in a-approximately 22-horizontal |plane
and spbjected to an electrical stress via two electrodes. The surface between the elec{rodes
is subjected to a succession of drops of electrolyte either until the |over-current device
operafes, or until a persistent flame occurs, or until the test period has\elapsed.

The ipdividual tests are of short duration (less than 1 h) with up to 50 or 100 drops of jabout
20 mg of electrolyte falling at 30 s intervals between platinuni€lectrodes, 4 mm apart ¢n the
test specimen surface.

An AQ voltage between 100 V and 600 V is applied to-the electrodes during the test.

During the test, specimens may also erode ot:soften, thereby allowing the electrodes to
penetfate them. The formation of a hole through the test specimen during a test is [to be
reported together with the hole depth (test specimen thickness). Retests may be made|using
thicker test specimens, up to a maximum ofs10 mm.

NOTE | The number of drops needed to cause, failure by tracking usually increases with decreasing applied poltage
and, bglow a critical value, tracking ceases\to occur. For some materials, tracking also ceases to occur alove an
upper dritical value. 23

5 Tpst specimen

Any approximately flat'surface may be used, provided that the area is sufficient to ensure that

during the test no liquid flows—ever—the—edges—of-thetest-specimen away from the test

electrpdes. 24

NOTE |1  In“general flat surfaces of not less than 20 mm x 20 mm are—recemmended used to redyce the
probabllity, of electrolyte—toss—overthe—specimen—edge flows away from the test electrodes 25 although pmaller
sizes fhaycan 26 be used, subject to no electrolyte loss, e.g. ISO 3167, 15 mm x 15 mm multi-purpose test
specimlens-

NOTE 2 l-ispreferabletouse In general separate test specimens for each test are used. If several tests are to
be made on the same test piece,-care-should-be-takento-ensure-that-the testing points-are can be sufficiently far
from each other so that splashes, fumes, or erosion, from the testing point will not contaminate or influence the
other areas to be tested. 27

The thickness of the test specimen shall be 3 mm or more. Individual pieces of material may
be stacked to obtain the required thickness of at least 3 mm.

NOTE 3 The values of the CTI obtained on specimens with a thickness below 3 mm-may—ret cannot be
comparable with those obtained on thicker specimens because of greater heat transmission to the glass support
through thinner test specimens. For this reason, stacked specimens are-alewed possible. 28

Test specimens shall have-reminaty uniformly 29 smooth and untextured surfaces which are
free from surface imperfections such as scratches, blemishes, impurities, etc, unless
otherwise stated in the product standard. If this is impossible, the results shall be reported


Addition as we need to ensure we do not have failures at lower voltages although some materials can also pass criteria at higher voltages.

Changes to clarify in which area the test liquid needs to remain.

Editorial change from may to can.

All editorial clarifications.

Editorial corrections.

Technical clarification that we shall have a uniform surface.

Addition to give further information on test solution.

Plane needs to be horizontal to keep test liquid between electrode.

Changes to clarify in which area the test liquid needs to remain.

https://iecnorm.com/api/?name=1c2d42949d617dfd99284daa75e32bba
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together with a statement describing the surface of the specimen because certain
characteristics on the surface of the specimen could add to the dispersion of the results.

For tests on parts of products, where it is impossible to cut a suitable test specimen from a
part of a product, specimens cut from moulded plaques of the same insulating material may
be used. In these cases, care should be taken to ensure that both the part and the plaque are
produced by the same fabrication process, resulting in the same surface texture, 30 wherever
possible. Where the details of the final fabrication process are unknown, methods given in
ISO 293, ISO 294-1 and ISO 294-3 and ISO 295 may be appropriate.

NOTE 4 The use of different fabrication conditions/processes-may can 31 lead to different levels of performance
in the Tl and CTl faef'

NOTE p Parts moulded using different flow directions-may can 32 also exhibit different levels of performance in
the PTl and CTI test.

In spegcial cases, the test specimen may be ground to obtain a flat surface. i this casp, the
surfage texture according 1ISO 4287 (e.g. R, values) shall be reported (see 40.2 and 11.3). 33

NOTE p Any grinding can damage the specimen. In this case, material surface made“y grinding has higher or
lower tfacking value than the original surface. 34

Wher¢ the direction of the electrodes relative to any feature ©of) the material is significant,
measfirements shall be made in the direction of the feature and,orthogonal to it. The dirgction
giving the lower CTI shall be reported, unless otherwise specified.

NOTE § Use of an aggressive electrolyte, such as solution C, is\common, when the material has a hydrgphobic
surfacqd. 35

6 Tpst specimen conditioning

6.1 |[Environmental conditioning

Unlesp otherwise specified, the test specimens shall be conditioned for a minimum of 24 h at
23-°C+5K (23 £ 5) °C, 36 with (5% 10) % RH. Once the test specimen has been removed
from the conditioning chamber (s€€ 7.7) the test shall be started within 30 minutes. 37

6.2 |Test specimen surface state
Unlesp otherwise specified,

a) tests shall besmade on clean surfaces;

b) ary cleanifig procedure used shall be reported. Wherever possible, the details shjll be
agreed between supplier and customer.

NOTE | Dust, dirt, fingerprints, grease, oil, mould release or other contaminants—may can
influeficethe Tesults—Care—shouid—be—taker Whemnm cleaning the test—specimen—to—=aveid,
swelling, softening, abrasion or other damage to the material shall be avoided. 38

7 Test apparatus

71 Electrodes

Two electrodes of platinum with a minimum purity of 99 % shall be used (see Annex C). The
two electrodes shall have a rectangular cross-section of (5% 0,1) mm x (2 £ 0,1) mm, with
one end chisel-edged with an angle of (30 + 2)° (see Figure 1). The sharp edge shall be
removed to produce an approximately flat surface, 0,01 mm to 0,1 mm wide.

NOTE 1 A microscope with a calibrated eyepiece has been found suitable for checking the size of the end
surface.


Addition to highlight the influence of the surface texture.

Editorial change from may to can.

Additional reference to standardize the surface texture and for reporting. Any specific surface structures shall be mentioned in the test report.

Additional note to explain use of solution C at low surface tension and higher conductivity.

Editorial change (use of brackets).

Addition to highlight the need to test the samples quickly after conditioning before conditioning vanishes. This is consistent with other material testing standards.

Note converted to text in order to make it mandatory, following IEC rules.

Editorial change from may to can.

Additional note to explain why grinding of the surface needs to be mentioned in the report.

https://iecnorm.com/api/?name=1c2d42949d617dfd99284daa75e32bba
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NOTE 2 Hisrecommended-that In general, 839 mechanical means are used to re-furbish the electrode shape after
a test to ensure that the electrodes maintain the required tolerances, especially with respect to the edges and
corners.

At the start of the test, the electrodes shall be symmetrically arranged in a vertical plane, the
total angle between them being (60 + 5)° and with opposing electrode faces approximately
vertical on a flat horizontal surface of the test specimen (see Figure 2). Their separation along
the surface of the test specimen at the start of the test shall be (4,0 £ 0,1) mm.

A thin metal rectangular slip gauge shall be used to check the electrode separation. The
electrodes shall move freely and the force exerted by each electrode on the surface of the
test specimen at the start of the test shall be (1,00 £ 0,05) N. The design shall be such that
the fofcetan beexpectedto remain at the mitrattevet durmg the test:

One typical type of arrangement for applying the electrodes to the test specimen’issshqwn in
Figure 3. The force shall be verified at appropriate intervals.

Wherg¢ tests are made solely on those materials where the degree of electrode penetrafion is
small| the electrode force may be generated by the use of springs. However, gravity should be
used {o generate the force on general purpose equipment (see Figure'3).

NOTE B With most, but not all designs of apparatus, if the electrodes move during a test due to softeping or
erosion of the specimen, their tips will prescribe an arc and the electrodé«@ap will change. The magnitude and
directign of the gap change will depend on the relative positions of the eléctrede pivots and the electrode/spgecimen
contac{ points. The significance of these changes will probably be ‘material dependent and has not been
determ|ned. Differences in design could give rise to differences in inter-apparatus results.

7.2 |Test circuit

The glectrodes shall be supplied with a substantially sinusoidal voltage, variable befween
100 V| and 600 V at a frequency of 48 Hz 40”62 Hz. The voltage measuring device| shall
indicdte a true RMS value and shall have-a-maximum—errer an accuracy 40 of 1,5 % or petter
for the reading. The power of the sourcgsshall be not less than 0,6 kVA. An exampl¢ of a
suitable test circuit is shown in Figure 4.

A variable resistor shall be capable of adjusting the current between the short-cirguited
electrpdes to (1,0 £ 0,1) A and\the voltage indicated by the voltmeter shall not decregse by
more [than 10 % when this current flows—{see-Figure—4}. 41 The instrument used to mgasure
the value of the short-cir€uit current shall have-a—maximum—errer an accuracy 42 of +3 % or
better| for the reading.

Theif

NOTE | To achieve the tolerance requirement it may be necessary that the suppply voltage to the appafatus is
sufficigintly gtable. 43

The aqverccurrent device shall operate when a current with an RMS value of-0.50 A—with

o 09, e ed—fo 00 with o /e toleranece—o

has pers_isted for (2,00 £ 0,20) s. 44

(0,50 £ 0,05) A
7.3 Test solutions

Solution A:

Dissolve approximately 0,1 % by mass of analytical reagent grade anhydrous ammonium
chloride (NH,CI), of a purity of not less than 99,8 %, in de-ionized water;-having-a-conductivity
of not-greaterthan1-mS/m 45 to give a resistivity of (3,95 + 0,05) Om at (23 £ 1) °C.

NOTE 1 The quantity of ammonium chloride is selected to give a solution in the required range of resistivity.

NOTE 2 The conductivity of the solution A at 25°C is (3,75 £ 0,05) Qm, and (4,25 £ 0,05) Qm at 20 °C. 46


Editorial change as no recommendations are allowed in notes.

Editorial change to use the correct technical term "accuracy" rather than "error".

Reference to Figure 4 is removed as it is not directly relevant to this sentence.

Editorial change to use the correct technical term "accuracy" rather than "error".

Sentence removed and converted to note.

10% tolerance is kept for both r.m.s. value and time and converted to absolute figures.

Originally quoted conductivity value is not required any more as ISO 3696 standard has been added to terms and references.

Additional note to provide typical room temperature values for conductivity.
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Solution B:
Description of this solution is given in Annex B (informative).
Solution C: 47

Dissolve approximately 0,42 % by mass of analytical reagent grade anhydrous ammonium
chloride (NH4CI), of a purity of not less than 99,8 %, and (0,5 + 0,02) % by mass of-sedium-di-
butyl-naphthalene—sulfonate a non-ionic surfactant (f-octylphenoxypolyethoxyethanol, CAS
Registry Number 9002-93-1) in de-ionized water,—having—a—conductivity of not-greaterthan
1-mS/im; to give a resistivity of (1,98 + 0,05) Om at (23 + 1) °C and a surface tension of
< 40 mN/m according to ISO 304.

NOTE B The quantity of ammonium chloride is selected to give a solution in the required range of resistivity, and
the qudntity of the surfactant to give a surface tension of the solution in the required range. 48

Solutipn A is normally used, but where a more aggressive contaminant is required, solufion-B
C is tlecommended. To indicate that solution-B C was used, the CTI or PTI value shfall be
followed by the letter "MC". 49 The use of solution B may be stipulated¥or comparability with
prior fesults. 50

7.4 |Dropping device

Dropg of the test solution shall fall on to the specimen surface at intervals of (30 + 5) §. The
drops| shall fall approximately centrally between the twg contact areas of 51 the elec{rodes
from a height of (35 £ 5) mm.

The t@rget time between single drops shall be 30 s. 52 The mass of a sequence of 50 |drops
shall lie between 0,997 g and 1,147 g. Thé&*mass of a sequence of 20 drops shall lie befween
0,380|g and 0,480 g.

NOTE The mass of the drops-may caq §3 be determined by weighing with the appropriate laboratory balance.

NOTE P The target mass for 50 drops*is 1,07 g and for 20 drops it is 0,43 g. 54

The mass of the drops,shall be checked at appropriate time intervals.

NOTE B For solution A, -a length of thin walled stainless steel tubing (e.g. hypodermic needle tubing), haying an
outer diameter of between 0,9 mm and 1,2 mm, dependent upon the dropping system, has been found to be
suitabl¢ for the tip~0f the dropping device. For solution B and solution C, 55 tubes having outer diameters over the
range 3,9 mm t0.8445 mm have been found to be necessary with the different dropping systems in use.

NOTE § Ahe‘use—of A drop detector or counter-is—recommended can be used 56 to ascertain whether there are
any doyblevdrops or whether drops are missing.

7.5 Test specimen support platform

A glass plate or plates, having a total thickness of not less than 4 mm and of a suitable size
shall be used to support the test specimen during the test.

NOTE 1 In order to avoid the problem of cleaning the specimen support table, it is-recommended common 57 that
a disposable glass microscope slide is placed on the specimen support table immediately under the test specimen.

NOTE 2 The use of thin metal foil conductors around the edge of the glass plate to detect electrolyte loss has
been found useful.

7.6 Electrode assembly installation

The specimen and-its-immediate the contacting electrodes shall be mounted in an essentially
draught-free space in-ar-enclosure a chamber. 58



Solution B has been moved to Annex B as there have been issues with the availability of the surfactant. There have also been significant differences in the batch to batch properties. Therefore, it is envisaged to use solution C instead of solution B. In order to keep conductivity and surface tension constant, the composition of solution C was adapted. The surfactant used in solution C is also used in the test solution in IEC 60587 (inclined plane test). The surfactant for solution C is envisaged to be mainly used in future.

Addition to improve clarity.

Use of solution C is now recommended.

Addition for clarification as use of solution C is now normative.

Addition for clarification.

Sentence is changed to be in line with the first sentence of the paragraph, giving a target interval time between the drops. However this sentence is not strictly necessary as the first paragraph is giving the correct time intervals.

Editorial change from may to can.

Note is added to give guidance on typical drop weights.

This note is also valid for solution C.

Editorial change as no recommendations are allowed in notes.

Editorial change as no recommendations are allowed in notes.

Editorial change to be more precise.
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NOTE To keep the chamber reasonably free of fumes, it-may can be necessary, for certain classes of materials,
to have a small air flow across the surface of the test specimen and between the electrodes. An air velocity of the
order of 0,2 m/s before the start of the test and as far as possible during the test has been found suitable. The air
velocity in other areas of the-enclesure-may chamber can be substantially higher to assist in fume removal. The air
velocity-may can be measured with an appropriately scaled hot wire anemometer. 59

A suitable fume extraction system shall be provided to allow safe venting of the-enclosure
chamber 60 after the test.

7.7 Conditioning chamber 61

The conditioning chamber shall be maintained at (23 + 2) °C and a relative humidity of
(50 + 10) %.

NOTE | Standard conditions for use prior to and during the testing of solid electrical insulating_materipls are
specifi¢d in [EC 60212.

8 Blasic test procedure

8.1 General

Where¢ the material is substantially anisotropic, tests shall be made in the direction pf the
features and orthogonal to them. Results from the direction giving the lower values shiall be
used,|unless otherwise specified.

Tests|shall be made at an ambient temperature of (23 £5) °C.
Tests|shall be made on uncontaminated test specitiens, unless otherwise specified.

The result of a test where a hole is formed. issconsidered to be valid, irrespective of the test
specimmen thickness, but the formation of the ‘hole shall be reported together with the depth of
the hgle (the thickness of the test specimen or stack).

8.2 |Preparation

After pach test, clean the eleettodes with an appropriate solvent and then rinse and dryl them
with de-ionized water. If necessary, restore their shape, polish if necessary, and give a final
rinse pnd dry before the_next test. 62

Immedgdiately before\the test ensure, if necessary by cooling the electrodes, that| their
tempgrature is _sufficiently low so that they have no adverse effect on the spefimen
properties.

Ensurne freedom from visual contamination and ensure that the solution to be used conforms
to thg ‘conductivity requirements either by regular testing, or by measurement immediately
beforethe test.

NOTE 1 Residues on the dropping device from an earlier test will probably contaminate the solution and
evaporation of the solution will increase its concentration — both of which may result in lower than true values. In
such cases-it-may-be-advisable-to-clean the outside of the dropping device can be cleaned 63 mechanically and/or
with a solvent and the inside by flushing through with conforming solution before each test. Flushing through some
10 to 20 drops depending upon the delay between tests will normally remove any non-conforming liquid.

In case of dispute, the cleaning procedures used for the electrodes and dropper tube shall be
agreed between purchaser and supplier.

Place the test specimen, with the test surface uppermost and horizontal on the specimen
support table. Adjust the relative height of the test specimen and electrode mounting
assembly, such that on lowering the electrodes on to the specimen, the correct orientation is
achieved with a separation of (4,0 £ 0,1) mm. Ensure that the chisel edges make contact with
the surface of the specimen with the required force and over the full width of the chisel. 64


Editorial change according to IEC rules for notes.

Editorial change to a more technical term.

New subclause to describe additional requirements for test equipment plus reference to IEC 60212.

Addition to clarify preparation procedure.

Editorial change from may to can.

Addition for clarification.
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NOTE 2 It-may can 65 be helpful to place a light behind the electrodes when making this check visually.

The orientation of the specimen should ensure that the droplet stays between the electrodes. 66

Set the test voltage to the required value which shall be an integer multiple of 25V, and
adjust the circuit parameters so that the short-circuit current is within the permitted tolerance.

8.3 Test procedure

Start the dropping system so that drops fall on to the test surface and continue the test until
one of the following occurs:

a) the over-current device operates;
b) a persistent flame occurs;

c) at|least 25 s have elapsed after the fiftieth (hundredth) drop has fallen without a)| or b)
odcurring.

NOTE | If there is no requirement for the determination of erosion, the 100 drop tests-m@&y can 67 be madg ahead
of any p0 drop tests.

After [completion of the test, vent the chamber of noxious fufmeés and remove th¢ test
specimen.

9 Dietermination of erosion

When| required, specimens which have not failed at the 50 drop point shall be cleaned ¢f any
debrig or loosely attached degradation products and*placed on the platform of a depth gauge.
The rhaximum depth of erosion of each specimen shall be measured in millimetres |to an
accuracy of 0,1 mm, using a 1,0 mm nominaldiameter probe having a hemispherical end. The
result|is the maximum of the five measured\values.

Erosion depths of less than 1 mm-are shall be 68 reported as <1 mm.

In the| case of tests according ta Clause 10, when required the erosion shall be measuned on
the specimens which withstood, 50 drops at the specified voltage.

In the| case of tests aceording to Clause 11, when required the erosion shall be measured on
the fiye specimens tested at the maximum 50 drop voltage.

10 Determination-of Proof tracking index test (PTI) 69

10.1 |Procedure

Where, in TEC standards for material or for elecfrical equipment specifications, or in other
standards, a proof test only is required, 50 drop tests shall be made in accordance with

Clause8 but at the smgle voltage spemﬂed—'Fhe—FqucH%ed—n&mber—ef—speermens—shaH

Operation of the over-current device by air arcs does not constitute a tracking failure.

NOTE The—recommended minimum required number of specimens is five. If one of five
specimens fails at the certain test voltage, a new set of five samples may be tested unless
otherwise specified. If only one of the total of ten specimens fails, the result is "pass". 71

A different number of specimens may be agreed by manufacturer and user, or defined in
product standards.



Editorial change from may to can.

Additional sentence as advice to users that the orientation of the specimen can influence the droplet movement as the droplet should stay in the area between the electrodes.

Editorial change from may to can.

Editorial change to make it a normative requirement.

Clarification of the title as proof tracking index can only be tested (yes/no), but not determined. It is a requirement, but not a property.

Sentence is deleted and replaced by a newly added sentence below.

The minimum number of required test specimen is now normatively defined as five. The note is changed to allow a special agreement on the number of specimen between business partners. A clarification on the procedure on extending the number of samples for testing has been added.
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The proof voltage shall be an integer multiple of 25 V.

10.2 Report
The report shall include the following information.

a) Identification of the material tested and details of any conditioning.
b) Thickness of the specimens and the number of layers used to achieve this thickness.
c) Nature of the test specimen surface where the original surface was not tested:

1) details of any cleaning process;

2)| details of any machining processes, e.g. grinding;
3)| details of any coating on the tested-surface specimen. 72

d) Stpte of the surface before testing, with regard to surface imperfections; e’g. slirface
scratches, blemishes, impurities, etc.

e) THe cleaning procedure used for the electrodes and dropper.

f) Where the measurements were not made in an essentially draught:free space, repprt on
the approximate air flow rate.

g) Oirientation of the electrodes in relation to any known characteristics of the material.

h) Report on the result of the proof tracking index test wherethere is no requirement fpr the
ddtermination of the degree of erosion as follows:

Pass or fail at the specified voltage with an indication of the type of solution if Type C
or Type B. 73

EXAMPLE for solution A 'Pass PTI 175, or 'Fail PTIh475-M'

EXAMPLE for solution B 'Pass PTI 225 M', or 'EaibPTI 225 M'

EXAMPLE for solution C  'Pass PTI 175 C', @f ‘Fail PTI 175 C'

Where there is an erosion requirementithe result shall be reported as follows:

Pass or fail at the specified voltage with an indication of the type of solution if Type C,
or Type B, and the maximum depth of erosion. 74

PASS EXAMPLE for solution A, 'Pass PTI 250-M — 3', or 'Fail PTI 250 — 3'
PASS EXAMPLE for solutign B 'Pass PTI 375 M - 3', or 'Fail PTI 375 M - 3'
PASS EXAMPLE for sqlution C 'Pass PTI 250 C — 3' or 'Fail PTI 250 C — 3.

Where the erosion‘cannot be reported because the specimen flamed,—this both shill be
reported.

Where a holexdeveloped through the specimen, its formation shall be reported together
with an indication of its depth (specimen thickness).

Where_thertests were invalid due to air arcs, this shall be reported.

11 Dletermination of comparative tracking index (CTI)

11.1 General

Determination of the comparative tracking index requires the determination of the maximum
voltage at which five specimens withstand the test period for 50 drops without failure and
whether, at a voltage of 25 V lower than the maximum 50 drop figure, the specimen
withstands 100 drops. If this is not the case, the maximum 100 drop withstand voltage shall
be determined.



Changed to use the correct technical term.

Type C is added and separate examples for each test solution is added.

Type C is added and separate examples for each test solution with the additional maximum depth of erosion is added.

Both notes are deleted as they are not relevant to this edition of the standard.
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If one of five specimens fails at a certain test voltage, a new set of five samples may be
tested. If only one of the total of ten specimens fails, this result qualifies for continuing the
procedure with the next higher voltage. 76

11.2 Screening test 77

If the behaviour of the material is unknown, a screening test shall start with at least
three specimens at a maximum starting voltage of 300 V with a minimum of 50 drops. If the
material withstands the initial test without tracking failure and without a persistent flame,
always using three specimens, increase the test voltage by 100 V steps until a tracking failure
or a persistent flame occurs. Then reduce the test voltage by 50 V, and finally increase or
reduce_the test \/nltngn hy 25 \/ ta idpntify the maximum test \/nl’rngp for the determination of

the cqmparative tracking index.

If the |materail fails at the initial test voltage, reduce the test voltage by 100 V_.and follgw the
same| iterative procedure for the determination of the comparative tracking)‘inhdex, dlways
using|three specimens.

Compllete the determination of the comparative tracking index agcording to the gg¢neral
procefure, and procedures 11.1, 11.3 and 11.4.

NOTE | Any result of the screening test can be used for completing the dengtal procedure to evaluate the CTI
value.

This procedure is necessary because some materials_€an withstand high test voltagep, but
fails dt lower test voltages.

11.3 |Determination of the maximum 50 drop ‘withstand voltage

test yoltage, using a new test specimen or site and determine whether the spefimen

By in{rence from the-100-drep sceening 78-data, repeat the test procedure at an apprgpriate
withsffands the test for the period up to atlleast 25 s after the fiftieth drop has fallen.

If the| over-current device operated due to the occurrence of an air arc above thé¢ test
specimen, the test was invalid.(Repeat the test procedure at the same voltage using @ new
test specimen or site after cleaning the apparatus and following the procedure as described in

Clause 8. If the same event occurs, repeat the test at-—progressivelylower—and 79 |lower
voltages until a valid failure or pass occurs. Report the details of the tests (see 11.5).

NOTE [I It-may can 80 be impossible to determine the CTI of some materials because a valid failure capnot be
achieve¢d, the characteristic behaviour moving directly from withstanding the test period at one voltage to exhibiting
air arcq at the next'\highest test voltage.

If the|over-€urrent device operated due to the passage of an excessive current across the
surfage ©0f\the test specimen, or if a persistent flame occurred, the specimen failed the €lles’[ at
that vpltage. Repeat the test on a new test specimen or site using a lower test voltagg after
cleaning the apparatus, etc. as described in Clause 8.

If none of the above occurred and at least 25 s elapsed after the fiftieth drop had fallen
without the over-current device operating, the test is valid and the test specimen is considered
to have passed.

If a hole has not formed through the test specimen during the test, repeat the test on a new
test specimen or site, at—progressively—higher—and 81 higher voltages until the maximum
voltage is established at which no failure occurred during the test period of up to at least 25 s
after the fiftieth drop has fallen in the first five tests at that voltage. Five separate 82
specimens or five sites on one plague may be used for the tests after cleaning the apparatus
and following the procedure described in Clause 8.



Addition of a new paragraph to determine if one of the samples is an outlier or not.

Addition of a new screening test paragraph as it is known that some materials perform better at higher voltages compared to lower voltages. Therefore a screening test is required to determine the starting voltage.

Editorial change to clarify that it refers to data from screening test.

Editorial change as use of the term "progressively lower" is not correct.

Editorial change from may to can.

Editorial change as use of the term "progressively higher" is not correct.

Addition to be more precise.
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If a hole appeared through the test specimen, record the result, noting both that a hole was
formed and the depth of the hole (the thickness of the test specimen or stack), and then
continue the tests as described above.

NOTE 2 Where a hole is generated during a test, the further tests-may can 83 be made on thicker specimens (up
to a maximum thickness of 10 mm) to gain additional information after cleaning the apparatus, etc., as described in
Clause 8.

The result of tests where a hole formed, irrespective of the test specimen thickness, are
considered to be valid, but the formation of the hole shall be reported together with the depth
of the hole (the thickness of the test specimen stack).

Recoild, as the 50 drop result, the maximum voltage at which five specimens withstoqd the

50 drq

Contipue by determining the maximum 100 drop withstand voltage. 84

p period without failure.

11.4 |Determination of the 100 drop point

Using|the basic procedure described in Clause 8, set the voltage at a~selected level and|make
the tgst until at least 25 s have elapsed after the one hundredth drop has fallen of until
previgus 85 failure occurs.

If-the| behaviour of the material is unknown, it is recommended that the starting vpltage
be-35p-\/- 86

If the| over-current device operated due to the soccurrence of an air arc above thé¢ test
specimen, the test was invalid. Repeat the testiprocedure at the same voltage using & new
test specimen or site after cleaning the apparatus and following the procedure in Clausg 8. If

the sagme event occurs, repeat the test at-piegressivelylowerand 87 lower voltages until a

valid {

NOTE
achievd
air arcy

If the
surfad
that v

cleaning the apparatls,etc., as described in Clause 8.

If non
fallen

ailure or pass occurs. Report the details of the tests (see 11.5).

I It-may can 88 be impossible to determine the CTI of some materials because a valid failure caf

d, the characteristic behaviour moving directly from withstanding the test period at one voltage to ex
at the next highest test voltage.

over-current device operated due to the passage of an excessive current acrog

pltage. Repeat the test on a new test specimen or site using a lower test voltagg

not be
hibiting

s the

e of the test specimen; or if a persistent flame occurred, the specimen failed the fest at

after

e of the_apove occurred and at least 25 s elapsed after the one hundredth dro
withoui~the over-current device operating, the test is valid and the test speci

consiglered to have passed. Repeat the test on new test specimen or site at _progre
highef
occurked >
the first f|ve tests at that voItage F|ve separate speC|mens or flve S|tes on one plaque may be
used for the tests after cleaning the apparatus and following the procedure described in
Clause 8.

If a hole appeared through the test specimen, record the result, noting both that a hole was
formed and the depth of the hole (the thickness of the test specimen or stack), and then
continue the tests as described above.

NOTE 2 Where a hole is generated during a test, the further tests-may can 89 be made on thicker specimens (up
to a maximum thickness of 10 mm) to gain additional information after cleaning the apparatus, etc., as described in
Clause 8.



Editorial change from may to can.

Addition to ensure user continues to test according to 11.4 as both criteria are required (50 and 100 drops).

Deletion as screening test has been introduced.

Deletion as screening test has been introduced.

Editorial change as use of the term "progressively lower" is not correct.

Editorial change from may to can.

Editorial change from may to can.

Deletion as screening test has been introduced.
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Record, as the 100 drop result, the maximum voltage at which five specimens withstood the
100 drop period without failure.

11.5 Report

The report shall include the following information.

a) ldentification of the material tested and details of any conditioning.
b) Thickness of the specimens and number of layers used to achieve this thickness.

c) Nature of the test specimen surface where the original surface was not tested:
1)| details of any cleaning process;

2)| details of any machining processes, e.g. grinding;

3)| details of any coating on the tested surface.

d) Stpte of the surface before testing, with regard to surface imperfections, e.g. scrajches,
blgmishes, impurities, etc..

e) Cleaning procedure used for the electrodes and dropper.

f) Where the measurements were not made in an essentially, draught-free space, repprt on
the approximate air flow rate.

g) Otientation of the electrodes in relation to any known/characteristics of the material.

h) Regport on the result of the comparative tracking ifndex test where there is no requirement
fof the determination of the degree of erosion as_follows:

e | CTI the numerical value of the maximum 80 drop voltage, obtained in five conseputive
tests (the numerical value of the .highest 100 drop voltage determined in five
consecutive tests, if more than 25V below the maximum 50 drop figure), |when
appropriate followed by the letter *MC" to indicate that solution-B C was used. 92
EXAMPLE CTH475' CTH475-M'orCTH400(350) M-

EXAMPLE for solution A 'CTI 175% or

EXAMPLE for solution B 'QTWA75 M', or

EXAMPLE for solution C NOTI 175 C'.

Where there is an erosjon requirement the result shall be reported as follows:

e | CTI the numerical value of the maximum 50 drop voltage, obtained in five consegutive
tests (the wumerical value of the highest 100 drop voltage determined in five
consecufiye™ tests, if more than 25 V below the maximum 50 drop figure), |when
appropriate followed by the letter "MC" to indicate that solution-B C was used|- the
maximum depth of erosion being in millimetres. 93

¢ [ [ ’
[ [ 3

EXAMPEEforsotutiomrA— € FH275—+25or
EXAMPLE for solution B 'CTI 175 M — 2,4, or
EXAMPLE for solution C  'CTI 400(350) C — 3,4".

If, for some reason (such as extensive flaming), the erosion cannot be measured, this shall be
reported.

Where a hole developed through the specimen, its formation shall be reported together with
an indication of its depth (specimen or stack thickness).

Where the tests were invalid due to air arcs, this shall be reported.



Deletion as this is not correct anymore.

Additional information to clarify the correct reporting of the results for different test solutions.

Additional information to clarify the correct reporting of the results with the added erosion depth results for different test solutions.
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Annex A
(informative)

List of factors that should be considered by product committees

2020

The method may be used as published but there are several areas where product committees
may wish to exercise their options.

Whether the surface of specimens with rough surfaces may be smoothed by machining,
e.g. grinding (Clause 5).

L

Sy
N4

Tylpe of electrolyte to be used (solution A, or B, or C 94 (7.3)).

W
ap

w

usually reported unless otherwise specified (8.1).

Ny
pr
R4
w

W
(C

W
th
de

+ £ +ot ASEe AN 1 La-al) £l +
CUIMTITTT ouTTdLT oldliT (U.4L ). LITCAlICU ) Ul ULTICTwWiotT.

ture of any allowed cleaning processes (6.2).

hether any special instructions need to be given concerning the method |of cleanin
paratus between tests (Clause 8).

nere the material is anisotropic, results from the direction giving. the lower valug

ferred (10.2).
quired proof test voltage (10.2).

hether determination of erosion depth is required’and, if so, the limits to be sp4q
lause 9).

hether, because of specific needs, the criteria for allowable flaming are not suital]

veloped/used.

g the

S are

mber of specimens to be used in proof tests: usually five but@ different number may be

hether the proof test should include a requirement for a minimum 100 drop test voltage.

cified

le for

b application in mind. In those .cdases, alternative test methods should be


Addition as solution C is added.
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Annex B 95
(informative)

Solution B

Solution B is difficult to produce because some ingredients are no longer available on the
market. The use of solution B is still possible but not advisable. The preferred solution is
solution C instead of solution B.

Solution B:

Disso|ve approximately 0,1 % by mass of analytical reagent grade anhydrous a bNnium
chlorifle, of a purity of not less than 99,8 %, and (0,500 £ 0,002) % by mass of sodium-d{-butyl
naphthalene sulfonate in de-ionized water to give a resistivity of (1,98 iQ ;05) dm at
(23 £f1) °C. Qq/

NOTE | The quantity of ammonium chloride is selected to give a solution in the required\r%ge of resistivity.
Solutipn B can be used instead of solution C for back compatibility%Q;}st results.

To indicate that solution B was used, the CTI or PTI value sh&&)followed by the letter ['M".



Addition of new annex B as the use of solution B is now only informative in order to maintain comparability to old test reports.
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Annex C
(informative)

Electrode material selection

C.1 Platinum electrodes 96

Platinum electrodes have been selected for determining the comparative and proof tracking
indices because platinum is the most inert material commonly available. It interacts least with
the electrolyte and insulating materials _used, allowing the characteristics of the insulating
materjal under test to become the main determining factor in arriving at the tracking indek.

C.2 | Alternatives

In order to simulate the hardware and insulating systems used in electrical devices gnd to
reducp the electrode cost, materials such as copper, brass, stainless stgels gold and silver are
sometimes used instead of platinum for appraising the tracking™characteristics af the
particular electrode metal and insulating material combinations. (Fhese electrode materials
interapt to varying degrees both with the electrolytes used andthe insulating material$, and
thereby influence the test results. The results of tests made’ with alternatives to pldtinum
electrpdes do not qualify as either comparative or proof tracking indices.



Annex C is extended with new headlines to give information about alternative electrode materials.
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Addition to the bibliography as IEC 60664-1 is referring to IEC 60112 for the comparison of the performance of different insulation materials in subclause 4.6.3.3. Table F.5 of IEC 60664-1 defines creeping distances due to failure of tracking for materials groups based on CTI tests with test solution A (in the range of 10 V to 36 kV r.m.s.). Materials groups are defined up to CTI 600 only.

IEC 60212 is added as it is required for the conditioning of the samples.

ISO 304 is added to describe the wetting properties of the solution C.

Editorial changes to undated references.

Moved from normative references to the bibliography.

Moved from normative references to the bibliography.

Moved from normative references to the bibliography.

Moved from normative references to the bibliography.

ISO 3696 is added to describe the quality of the water used for the solutions.
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uments.
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lidated. However, this is not recommended as this would not be within-the scope
andard. Section 11.2 was added to address this. There is falso current
gommercially available test equipment which enables testing at higher,voltages.

Both new paragraphs have been added due to new ISO/IEC guideline as this doc
i$ concerned with a safety function.

IEC Guide 104:1997 has been removed as a normative reference because |IEC
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Moved from normative references to the bibliography.
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nigher
s are
Df this
y no

iment

Guide

some

some

aterials canm also pass criteria athigher vottages.

Correction due to IEC rules.

Addition to give further information on test solution.

Plane needs to be horizontal to keep test liquid between electrode.

Addition as we need to ensure we do not have failures at lower voltages although
materials can also pass criteria at higher voltages.

Changes to clarify in which area the test liquid needs to remain.
Changes to clarify in which area the test liquid needs to remain.

Editorial change from may to can.

some
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Addition to highlight the influence of the surface texture.
Editorial change from may to can.

Editorial change from may to can.

W@M—W&SWWMW i j i ecific
urface structures shall be mentioned in the test report.

>~

dditional note to explain why grinding of the surface needs to be mentioned
bport.

=

dditional note to explain use of solution C at low surface ténsion and
onductivity.

QO >

m

ditorial change (use of brackets).

o >

onditioning vanishes. This is consistent with other material’testing standards.
Note converted to text in order to make it mandatoryy following IEC rules.
Hditorial change as no recommendations are allowed in notes.

Hditorial change to use the correct technical‘term "accuracy" rather than "error".
Reference to Figure 4 is removed as it is-not directly relevant to this sentence.

Hditorial change to use the correctitechnical term "accuracy" rather than "error".

(ds)

entence removed and converted to note.

Yy

0% tolerance is kept for-both r.m.s. value and time and converted to absolute figur

O

been added to tenms*and references.

I

dditional note.to provide typical room temperature values for conductivity.

Solution BYhas been moved to Annex B as there have been issues with the availab
the surfactant. There have also been significant differences in the batch to
properties. Therefore, it is envisaged to use solution C instead of solution B. In or|

n the

higher

ddition to highlight the need to test the samples quickly after conditioning before

D
(2]

Co.

riginally quoted conductivity value is not required any more as ISO 3696 standard has

lity of
batch
der to

Keep” conductivity and surface tension constant, the composition of solution ¢ was

adapted. The surfactant used in solution C is also used in the test solution in IEC

60587

(inclined plane test). The surfactant for solution C is envisaged to be mainly used in

future.

Addition to improve clarity.

Use of solution C is now recommended.

Addition for clarification as use of solution C is now normative.
Addition for clarification.

Sentence is changed to be in line with the first sentence of the paragraph, giving a

target

interval time between the drops. However this sentence is not strictly necessary as the

first paragraph is giving the correct time intervals.
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Editorial change from may to can.

Note is added to give guidance on typical drop weights.

This note is also valid for solution C.

Editorial change as no recommendations are allowed in notes.
Editorial change as no recommendations are allowed in notes.

Editorial change to be more precise.

Editorial r‘hangn er‘nrrﬁng to lEC rules for notes

2020

Hditorial change to a more technical term.

EC 60212.

Addition to clarify preparation procedure.

m

ditorial change from may to can.
Addition for clarification.
Hditorial change from may to can.

Additional sentence as advice to users that the orientation of the specimen can infl
the droplet movement as the droplet should staysin the area between the electrodes

Hditorial change from may to can.
Hditorial change to make it a normative‘requirement.

Glarification of the title as proofi{facking index can only be tested (yes/no), b
determined. It is a requirement, but not a property.

Jentence is deleted and replaced by a newly added sentence below.

usiness partners. A clarification on the procedure on extending the number of sa

1
note is changed to ‘allow a special agreement on the number of specimen be
b
for testing has been added.

CGhanged tguse the correct technical term.

—

ype C:is added and separate examples for each test solution is added.

Type” C is added and separate examples for each test solution with the add

he minimum number of-required test specimen is now normatively defined as five.

New subclause to describe additional requirements for test equipment plus, referenpce to

hence

it not

The
tween
mples

tional

maximum depih of erosion Is added.
Both notes are deleted as they are not relevant to this edition of the standard.

Addition of a new paragraph to determine if one of the samples is an outlier or not.

Addition of a new screening test paragraph as it is known that some materials perform

better at higher voltages compared to lower voltages. Therefore a screening t
required to determine the starting voltage.

Editorial change to clarify that it refers to data from screening test.
Editorial change as use of the term "progressively lower" is not correct.

Editorial change from may to can.

est is
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Editorial change as use of the term "progressively higher" is not correct.
Addition to be more precise.

Editorial change from may to can.

Addition to ensure user continues to test according to 11.4 as both criteria are required

(50 and 100 drops).
Deletion as screening test has been introduced.

Deletion as screening test has been introduced.

Hditorial change as use of the term "progressively lower" is not correct.
Hditorial change from may to can.

Hditorial change from may to can.

Deletion as screening test has been introduced.

Deletion as this is not correct anymore.

Additional information to clarify the correct reporting of \the results for differen
solutions.
Additional information to clarify the correct reporting.of the results with the added e

epth results for different test solutions.
ddition as solution C is added.

ddition of new annex B as the use of-solution B is now only informative in or
aintain comparability to old test reports-:

nnex C is extended with new headlines to give information about alternative ele
aterials.

ditorial changes to undated references.

ddition to the bibliography as IEC 60664-1 is referring to IEC 60112 for the comp
f the performance.ofidifferent insulation materials in subclause 4.6.3.3. Table F.5
0664-1 defines_créeping distances due to failure of tracking for materials groups
n CTI tests withtest solution A (in the range of 10 V to 36 kV r.m.s.). Materials ¢
re defined up\to CTI 600 only.

IEC 60212)is added as it is required for the conditioning of the samples.

oved/from normative references to the bibliography.

t test

osion

der to

ctrode

arison
bf IEC
based
roups

101 Moved from normative references to the bibliography.

102 Moved from normative references to the bibliography.

103 Moved from normative references to the bibliography.

104 ISO 304 is added to describe the wetting properties of the solution C.

105 Editorial changes to undated references.

106 ISO 3696 is added to describe the quality of the water used for the solutions.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHOD FOR THE DETERMINATION OF THE PROOF AND THE

COMPARATIVE TRACKING INDICES OF SOLID INSULATING MATERIALS

2)

3)

4)

5)

6)

7)

8)

9)

FOREWORD

d omm on a worigwiae oraan d

national electrotechnical committees (IEC National Committees). The object of IEC is to\p
rnational co-operation on all questions concerning standardization in the electrical and electronic fig
end and in addition to other activities, IEC publishes International Standards, Technical ,Specifig
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred)/to a

formal decisions or agreements of IEC on technical matters express, as nedrly as possible, an interr]
sensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international ‘use”and are accepted by IEC N
Commmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Puljlications is accurate, IEC cannot be held responsible for the‘way in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National {Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in their dational and regional publications. Any divg

prising
romote
Ids. To
ations,
5 "IEC
brested
d non-
closely
hed by

ational
rom all

ational
of IEC
or any

cations
rgence

betyeen any IEC Publication and the corresponding natienal or regional publication shall be clearly indidated in

thellatter.

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con
assgssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification~bodies.

Al

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

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

Attgntion is drawn to the Nermative references cited in this publication. Use of the referenced publica
indispensable for the correct application of this publication.

Attegntion is drawn ¢o the possibility that some of the elements of this IEC Publication may be the su
patent rights. IECSshall not be held responsible for identifying any or all such patent rights.

Internjationalk\Standard IEC 60112 has been prepared by IEC technical committee
Evaluption~and qualification of electrical insulating materials and systems.

formity
for any

rts and
age or
s) and
er IEC

ions is

ject of

112:

This Hift—edittom—cancets—and—reptaces—the—fourthr—editiom—pubtished—mm—2663
Amendment 1:2009. This edition constitutes a technical revision.

and

This edition includes the following significant technical changes with respect to the previous
edition:

Introduction of a new contaminant, solution C with a surfactant aligned with the test

method of IEC 60587. The definition of the solution B was transferred to Annex
backward reference.

B for

Introduction of a screening test, considering the fact that some materials can withstand

high test voltages, but fail at lower test voltages.

It has the status of a basic safety publication in accordance with IEC Guide 104.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
112/479/FDIS 112/484/RVD

2020

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

This d

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

The cpmmittee has decided that the contents of this document will remain unchanged until the

stabili
the sq

e regonfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

y date indicated on the IEC website under "http://webstore.iec.ch” in the data teta
ecific document. At this date, the document will be

ed to


http://webstore.iec.ch/
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METHOD FOR THE DETERMINATION OF THE PROOF AND THE

COMPARATIVE TRACKING INDICES OF SOLID INSULATING MATERIALS

1 Scope

This document specifies the method of test for the determination of the proof and comparative
tracking indices of solid insulating materials on pieces taken from parts of equipment and on

plaqu

s of matarial Lsina altarnatina valtaas
HRaeHa SR g—aHeHaHR g -eHage-

This d

NOTE
materig

ocument provides a procedure for the determination of erosion when required:

The proof tracking index is used as an acceptance criterion as well as a means for-the,quality co
Is and fabricated parts. The comparative tracking index is mainly used for the basic\characterizati

compallison of the properties of materials.

This {
mater|
result
proce

Test
desig

NOTE
system|

NOTE
moderd
longer
voltage
incline

This K
techn
princi

One ¢
basic

est method evaluates the composition of the material as well\as the surface

al being evaluated. Both the composition and surface condition directly influend
5 of the evaluation and are considered when using the(results in material sel
5S.

results are not directly suitable for the evaluatian of safe creepage distances
ning electrical apparatus.

2 This is in compliance with IEC 60664-1, Insulation coordination for equipment within low-
s — Part 1: Principles, requirements and tests.

3 This test discriminates between materials "with relatively poor resistance to tracking, and tho
te or good resistance, for use in equipment.which can be used under moist conditions. More severe
duration are available for the assessment) of performance of materials for outdoor use, utilizing
s and larger test specimens (see the inclined plane test of IEC 60587). Other test methods such
method can rank materials in a diffefent order from the drop test given in this document.

asic safety publication focusing on a safety test method is primarily intended for
cal committees in the jpreparation of safety publications in accordance wit
bles laid down in I[EC Guide 104 and ISO/IEC Guide 51.

htrol of
on and

bf the
e the
Bction

when

oltage

e with
ests of
higher
as the

se by
h the

f the responsibilities of a technical committee is, wherever applicable, to make yse of

safety publications in the preparation of its publications.

2 Normative references

The f

their

bllowing documents are referred to in the text in such a way that some or all o

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 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Terms, definitions and surface texture parameters
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

e |EC Electropedia: available at http://www.electropedia.org

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

tracklng
progressive formation of conducting paths, which are produced on the surface andlorwithin a
solid linsulating material, due to the combined effects of electric stress and electfolytic
contamination

3.2
tracking failure
failurg of insulation due to tracking between conductive parts

Note 1|to entry: In the present test, tracking is indicated by operation of\an over-current device due|to the
passagle of a current across the test surface and/or within the specimen.

3.3
electnical erosion
wearing away of insulating material by the action of €lectrical discharges

3.4
air arp
arc bgtween the electrodes above the surface of the specimen

3.5
compjarative tracking index
CTI
numefical value of the maximum-voltage (in V) at which five test specimens withstand the test
period for 50 drops without“tracking failure and without a persistent flame occurring and
including also a statement relating to the behaviour of the material when tested |using
100 drops (see 11.3)

Note 1[to entry: No tracking failure and no persistant flame are allowed at any lower test voltage.
Note 2 [to entry: ( The criteria for CTl may also require a statement concerning the degree of erosion.

Note 3 [to entry:” Although a non-persistent flame is allowed in the test without constituting failure, materialg$ which
generale no flame at all are preferred unless other factors are considered to be more important. See also Annex A.

Note 4 to entry: Some materials can withstand high test voltages, but fail at lower test voltages. See also 11.2.

3.6
persistent flame
flame which burns for more than 2 s

3.7

proof tracking index

PTI

numerical value of the proof voltage (in V) at which five test specimens withstand the test
period for 50 drops without tracking failure and without a persistent flame occurring

Note 1 to entry: Although a non-persistent flame is allowed in the test without constituting failure, materials which
generate no flame at all are preferred unless other factors are considered to be more important. See also Annex A.


http://www.electropedia.org/
http://www.iso.org/obp
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3.8
de-ionized water
water for analytical laboratory use in accordance with ISO 3696, grade 3, or equivalent quality

4 Principle

The upper surface of the test specimen is supported in a horizontal plane and subjected to an
electrical stress via two electrodes. The surface between the electrodes is subjected to a
succession of drops of electrolyte either until the over-current device operates, or until a
persistent flame occurs, or until the test period has elapsed.

The irLdividuaI tests are of short duration (less than 1 h) with up to 50 or 100 drops:of [about
20 mg of electrolyte falling at 30 s intervals between platinum electrodes, 4 mm apart on the
test specimen surface.

An AQ voltage between 100 V and 600 V is applied to the electrodes duringthe test.

During the test, specimens may also erode or soften, thereby allowing the electrodes to
penetfate them. The formation of a hole through the test specimen during a test is [to be
reported together with the hole depth (test specimen thickness)."Retests may be made|using
thicker test specimens, up to a maximum of 10 mm.

NOTE | The number of drops needed to cause failure by tracking usually“increases with decreasing applied poltage
and, bglow a critical value, tracking ceases to occur. For some materials, tracking also ceases to occur above an
upper gritical value.

5 Tpst specimen

Any approximately flat surface may be used, provided that the area is sufficient to ensure that
during the test no liquid flows away fromcthe test electrodes.

NOTE In general flat surfaces of not less-than 20 mm x 20 mm are used to reduce the probability of elettrolyte
flows away from the test electrodes “although smaller sizes can be used, subject to no electrolytg loss,
e.g. ISP 3167, 15 mm x 15 mm multispurpose test specimens.

NOTE P In general separate test specimens for each test are used. If several tests are to be made on thg¢ same
test pigce, testing points can.be sufficiently far from each other so that splashes, fumes, or erosion, frpbm the
testing|point will not contaminate or influence the other areas to be tested.

The thickness of the.test specimen shall be 3 mm or more. Individual pieces of materigl may
be stdcked to obtain the required thickness of at least 3 mm.

NOTE B The“Values of the CTI obtained on specimens with a thickness below 3 mm cannot be comparaljle with
those gbtained on thicker specimens because of greater heat transmission to the glass support through thinfper test
specimens{_For this reason, stacked specimens are possible.

Test specimens shall have uniformly smooth and untextured surfaces which are free from
surface imperfections such as scratches, blemishes, impurities, etc, unless otherwise stated
in the product standard. If this is impossible, the results shall be reported together with a
statement describing the surface of the specimen because certain characteristics on the
surface of the specimen could add to the dispersion of the results.

For tests on parts of products, where it is impossible to cut a suitable test specimen from a
part of a product, specimens cut from moulded plaques of the same insulating material may
be used. In these cases, care should be taken to ensure that both the part and the plaque are
produced by the same fabrication process, resulting in the same surface texture, wherever
possible. Where the details of the final fabrication process are unknown, methods given in
ISO 293, ISO 294-1 and ISO 294-3 and ISO 295 may be appropriate.
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NOTE 4 The use of different fabrication conditions/processes can lead to different levels of performance in the
PTIl and CTI test.

NOTE 5 Parts moulded using different flow directions can also exhibit different levels of performance in the PTI
and CTI test.

In special cases, the test specimen may be ground to obtain a flat surface. In this case, the
surface texture according 1SO 4287 (e.g. R, values) shall be reported (see 10.2 and 11.5).

NOTE 6 Any grinding can damage the specimen. In this case, material surface made by grinding has higher or
lower tracking value than the original surface.

Where the direction of the electrodes relative to any feature of the material is significant,
meas{irements shall be made in the direction of the feature and orthogonal o it. The direction
giving the lower CTI shall be reported, unless otherwise specified.

NOTE | Use of an aggressive electrolyte, such as solution C, is common, when the material has a hydrqphobic
surfacd.

6 Tpst specimen conditioning

6.1 Environmental conditioning

Unlesp otherwise specified, the test specimens shall be conditioned for a minimum of 24 h at
(23 £p) °C, with (50 £ 10) % RH. Once the test specimen has been removed from the
condifioning chamber (see 7.7) the test shall be started within 30 minutes.

6.2 |[Test specimen surface state
Unlesp otherwise specified,

a) tesgts shall be made on clean surfaces;

b) any cleaning procedure used shall:be reported. Wherever possible, the details shill be
adreed between supplier and customer.

Dust, |dirt, fingerprints, grease, oil; mould release or other contaminants can influenge the
results. When cleaning the testispecimen, swelling, softening, abrasion or other damgge to
the mpterial shall be avoided:

7 Test apparatus

71 Electrodes

Two glectrodes of platinum with a minimum purity of 99 % shall be used (see Annex C). The
two eflectrodes shall have a rectangular cross-section of (5+ 0,1) mm x (2 £ 0,1) mmj], with
one dnd chisel-edged with an angle of (30 + 2)° (see Figure 1) The sharp edge shhll be

removed to produce an approximately flat surface, 0,01 mm to 0,1 mm wide.

NOTE 1 A microscope with a calibrated eyepiece has been found suitable for checking the size of the end
surface.

NOTE 2 In general, mechanical means are used to re-furbish the electrode shape after a test to ensure that the
electrodes maintain the required tolerances, especially with respect to the edges and corners.

At the start of the test, the electrodes shall be symmetrically arranged in a vertical plane, the
total angle between them being (60 + 5)° and with opposing electrode faces approximately
vertical on a flat horizontal surface of the test specimen (see Figure 2). Their separation along
the surface of the test specimen at the start of the test shall be (4,0 £ 0,1) mm.

A thin metal rectangular slip gauge shall be used to check the electrode separation. The
electrodes shall move freely and the force exerted by each electrode on the surface of the
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test specimen at the start of the test shall be (1,00 + 0,05) N. The design shall be such that
the force can be expected to remain at the initial level during the test.

One typical type of arrangement for applying the electrodes to the test specimen is shown in
Figure 3. The force shall be verified at appropriate intervals.

Where tests are made solely on those materials where the degree of electrode penetration is
small, the electrode force may be generated by the use of springs. However, gravity should be
used to generate the force on general purpose equipment (see Figure 3).

NOTE 3 With most, but not all designs of apparatus, if the electrodes move during a test due to softening or
erosiorf of the specimen, thelr tips Wil prescribe an arc and the electrode gap will change. The magniiude and
directign of the gap change will depend on the relative positions of the electrode pivots and the electrode/spgecimen
contac{ points. The significance of these changes will probably be material dependent and has “not been
determ|ned. Differences in design could give rise to differences in inter-apparatus results.

7.2 Test circuit

The glectrodes shall be supplied with a substantially sinusoidal voltage,“variable between
100 V| and 600 V at a frequency of 48 Hz to 62 Hz. The voltage ymeasuring device| shall
indic1‘e a true RMS value and shall have an accuracy of 1,5 % or_better for the reading. The

powel of the source shall be not less than 0,6 kVA. An example ‘of a suitable test cirguit is
shown in Figure 4.

A varjable resistor shall be capable of adjusting the current between the short-cirguited
electrpdes to (1,0 £ 0,1) A and the voltage indicated by{the voltmeter shall not decredse by
more [than 10 % when this current flows. The instrdment used to measure the value pf the
short-circuit current shall have an accuracy of +3 %>or better for the reading.

NOTE | To achieve the tolerance requirement it may bednecessary that the suppply voltage to the apparatus is
sufficigntly stable.

The dver-current device shall operate :wwhen a current with an RMS value of (0,50 £ 0{05) A
has persisted for (2,00 + 0,20) s.

7.3 |Test solutions

Solutipn A:

Disso|ve approximately/0,1 % by mass of analytical reagent grade anhydrous ammgnium
chlorifle (NH4CI), of a-purity of not less than 99,8 %, in de-ionized water to give a resistiyity of
(3,95 0,05) Omyat (23 + 1) °C.

NOTE Thevguantity of ammonium chloride is selected to give a solution in the required range of resistivity.

NOTE 2+ The conductivity of the solution A at 25°C is (3,75 + 0,05) Qm, and (4,25 + 0,05) Qm at 20 °C.

Solution B:
Description of this solution is given in Annex B (informative).
Solution C:

Dissolve approximately 0,2 % by mass of analytical reagent grade anhydrous ammonium
chloride (NH,4CI), of a purity of not less than 99,8 %, and (0,5 + 0,02) % by mass of a non-
ionic surfactant (t-octylphenoxypolyethoxyethanol, CAS Registry Number 9002-93-1) in de-
ionized water to give a resistivity of (1,98 + 0,05) Om at (23 £ 1) °C and a surface tension of
< 40 mN/m according to ISO 304.

NOTE 3 The quantity of ammonium chloride is selected to give a solution in the required range of resistivity, and
the quantity of the surfactant to give a surface tension of the solution in the required range.
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Solution A is normally used, but where a more aggressive contaminant is required, solution C
is recommended. To indicate that solution C was used, the CTI or PTI value shall be followed
by the letter "C". The use of solution B may be stipulated for comparability with prior results.

7.4 Dropping device

Drops of the test solution shall fall on to the specimen surface at intervals of (30 + 5) s. The
drops shall fall approximately centrally between the two contact areas of the electrodes from a
height of (35 = 5) mm.

The target time between single drops shall be 30 s. The mass of a sequence of 50 drops shall

lie betweenm 67997 g and—t 47 g—Themass—of a—sequence—of20—drops—shatttetefween
0,380|g and 0,480 g.

NOTE The mass of the drops can be determined by weighing with the appropriate laboratory bhalance.

NOTE P The target mass for 50 drops is 1,07 g and for 20 drops it is 0,43 g.

The mass of the drops shall be checked at appropriate time intervals.

NOTE B For solution A, a length of thin walled stainless steel tubing (e.g. hypodermic needle tubing), haying an
outer diameter of between 0,9 mm and 1,2 mm, dependent upon the dropping system, has been found to be
suitabl¢ for the tip of the dropping device. For solution B and solution Catdbes having outer diameters ojer the
range 4,9 mm to 3,45 mm have been found to be necessary with the different'dropping systems in use.

NOTE 4 A drop detector or counter can be used to ascertain whether there are any double drops or whethef drops
are migsing.

7.5 |Test specimen support platform

A glags plate or plates, having a total thickness of not less than 4 mm and of a suitablg size
shall be used to support the test specimen during the test.

NOTE [I In order to avoid the problem of cleaning the specimen support table, it is common that a disgosable
glass microscope slide is placed on the specimen support table immediately under the test specimen.

NOTE P The use of thin metal foil conductors around the edge of the glass plate to detect electrolyte Igss has
been fqund useful.

7.6 |Electrode assembly installation

The specimen and the-contacting electrodes shall be mounted in an essentially draught-free
space in a chamber,

NOTE | To keeplthe chamber reasonably free of fumes, it can be necessary, for certain classes of mateifials, to
have a|small airsflow across the surface of the test specimen and between the electrodes. An air velocity of the
order of 0,2im/s before the start of the test and as far as possible during the test has been found suitable. [The air
velocity inother areas of the chamber can be substantially higher to assist in fume removal. The air velocity|can be

measuledwith an appropriately scaled hot wire anemaometer

A suitable fume extraction system shall be provided to allow safe venting of the chamber after
the test.

7.7 Conditioning chamber

The conditioning chamber shall be maintained at (23 + 2) °C and a relative humidity of
(50 £ 10) %.

NOTE Standard conditions for use prior to and during the testing of solid electrical insulating materials are
specified in IEC 60212.
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8 Basic test procedure

8.1 General

Where the material is substantially anisotropic, tests shall be made in the direction of the
features and orthogonal to them. Results from the direction giving the lower values shall be
used, unless otherwise specified.

Tests shall be made at an ambient temperature of (23 + 5) °C.

Tests shall be made on uncontaminated test specimens, unless otherwise specified.

The result of a test where a hole is formed is considered to be valid, irrespective«of-thie test
specimen thickness, but the formation of the hole shall be reported together withthe depth of
the hagle (the thickness of the test specimen or stack).

8.2 |Preparation

After pach test, clean the electrodes with an appropriate solvent and\then rinse and dry] them
with de-ionized water. If necessary, restore their shape, polish if hecessary, and give a final
rinse and dry before the next test.

Immegdiately before the test ensure, if necessary by cooling the electrodes, that| their
tempgrature is sufficiently low so that they have ne adverse effect on the spefimen
properties.

Ensure freedom from visual contamination and ensure that the solution to be used conforms
to thg conductivity requirements either by regular testing, or by measurement immediately
beforg the test.

NOTE Residues on the dropping device from an earlier test will probably contaminate the solutipn and
evaporation of the solution will increase its goncentration — both of which may result in lower than true values. In
such cases the outside of the dropping device’can be cleaned mechanically and/or with a solvent and the ingide by
flushing through with conforming solution:before each test. Flushing through some 10 to 20 drops depending upon
the delpy between tests will normally temove any non-conforming liquid.

In cage of dispute, the cleanhing procedures used for the electrodes and dropper tube shall be
agreef between purchaser'and supplier.

Place| the test spécimen, with the test surface uppermost and horizontal on the spefimen
suppdrt table. AAdjust the relative height of the test specimen and electrode mounting
assembly, suchythat on lowering the electrodes on to the specimen, the correct orientafion is
achieyed with~a separation of (4,0 £ 0,1) mm. Ensure that the chisel edges make contagt with
the syrface-of the specimen with the required force and over the full width of the chisel.

NOTE 2 It can be helpful to place a light behind the electrodes when making this check visually.

The orientation of the specimen should ensure that the droplet stays between the electrodes.

Set the test voltage to the required value which shall be an integer multiple of 25V, and
adjust the circuit parameters so that the short-circuit current is within the permitted tolerance.

8.3 Test procedure

Start the dropping system so that drops fall on to the test surface and continue the test until
one of the following occurs:

a) the over-current device operates;
b) a persistent flame occurs;
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c) at least 25 s have elapsed after the fiftieth (hundredth) drop has fallen without a) or b)
occurring.

NOTE

If there is no requirement for the determination of erosion, the 100 drop tests can be made ahead

50 drop tests.

of any

After completion of the test, vent the chamber of noxious fumes and remove the test

specimen.

9 Determination of erosion

Whell |c:qui|cu', bpb‘billlcllb VV;Iib;I iIdVU IIUt fdlil::uI dt tilc SG u'lup pU;IIt bila“ IUU L;iCdIIUl.JI )f any
debrid or loosely attached degradation products and placed on the platform of a depth.gauge.
The maximum depth of erosion of each specimen shall be measured in millimétres |to an
accurgcy of 0,1 mm, using a 1,0 mm nominal diameter probe having a hemispherieal end. The
result|is the maximum of the five measured values.

Erosign depths of less than 1 mm shall be reported as < 1 mm.

In the| case of tests according to Clause 10, when required the eragsion shall be measurfed on
the sgecimens which withstood 50 drops at the specified voltage(

In the| case of tests according to Clause 11, when required-the erosion shall be measured on
the fiye specimens tested at the maximum 50 drop voltage.

10 Proof tracking index test (PTI)

10.1 |Procedure

Where, in IEC standards for material .qp,for electrical equipment specifications, or in|other

stand
Claus

Opere
The n
certai

only g

A diff
produ

e 8 but at the single voltage specified.
tion of the over-current-device by air arcs does not constitute a tracking failure.

ninimum required «atimber of specimens is five. If one of five specimens fails
N test voltage, a\new set of five samples may be tested unless otherwise specif
ne of the total ef'ten specimens fails, the result is "pass".

erent ndmber of specimens may be agreed by manufacturer and user, or defin
ct standards.

oof voltage shall be an integer multiple of 25 V.

brds, a proof test only is required, 50 drop tests shall be made in accordancg with

ht the
ed. If

ed in

The p

10.2

Report

The report shall include the following information.

a) lIdentification of the material tested and details of any conditioning.

b) Thickness of the specimens and the number of layers used to achieve this thickness.

c) Nature of the test specimen surface where the original surface was not tested:

1)
2)
3)

details of any cleaning process;
details of any machining processes, e.g. grinding;
details of any coating on the tested specimen.
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d) State of the surface before testing, with regard to surface imperfections, e.g. surface

SC

ratches, blemishes, impurities, etc.

e) The cleaning procedure used for the electrodes and dropper.

f) Where the measurements were not made in an essentially draught-free space, report on
the approximate air flow rate.

g) Orientation of the electrodes in relation to any known characteristics of the material.

h) Report on the result of the proof tracking index test where there is no requirement for the
determination of the degree of erosion as follows:

Pass or fail at the specified voltage with an indication of the type of solution if Type C

orTvne B
JF

W

W
re

w
wi
w

11 Determination of comparative tracking index (CTI)

1.1

Deter
voltag

whettg:r, at a voltage of 25 V lower than the maximum 50 drop figure, the spe
nds 100 drops. I this is not the case, the maximum 100 drop withstand voltagq shall

withs
be de

If ong
tested
proce

EXAMPLE for solution A 'Pass PTI 175, or 'Fail PTI 175'
EXAMPLE for solution B 'Pass PTI 225 M', or 'Fail PTI 225 M’
EXAMPLE for solution C  'Pass PTI 175 C', or 'Fail PTI 175 C'

here there is an erosion requirement the result shall be reported as follows:

Pass or fail at the specified voltage with an indication of the type‘of solution if Ty
or Type B, and the maximum depth of erosion.

PASS EXAMPLE for solution A 'Pass PTI 250 — 3', or 'Fail PTI 250 <3¢
PASS EXAMPLE for solution B 'Pass PTI 375 M — 3', or 'Fail PTI3756 M - 3'
PASS EXAMPLE for solution C 'Pass PTI 250 C — 3' or 'Fail PT[250 C - 3.

here the erosion cannot be reported because the'specimen flamed, both sh
borted.

th an indication of its depth (specimen thickness).
here the tests were invalid due to air arcsythis shall be reported.

General

e at which five specimenhs withstand the test period for 50 drops without failur

ermined.

dure-with the next higher voltage.

11.2

pe C,

all be

here a hole developed through the specimen,\its formation shall be reported together

mination of the comparative tracking index requires the determination of the majximum

e and
cimen

of five_specimens fails at a certain test voltage, a new set of five samples mpy be
. If only._one of the total of ten specimens fails, this result qualifies for continuing the

~Screening test

If the behaviour of the material is unknown, a screening test shall start with at least
three specimens at a maximum starting voltage of 300 V with a minimum of 50 drops. If the
material withstands the initial test without tracking failure and without a persistent flame,
always using three specimens, increase the test voltage by 100 V steps until a tracking failure
or a persistent flame occurs. Then reduce the test voltage by 50 V, and finally increase or
reduce the test voltage by 25 V to identify the maximum test voltage for the determination of
the comparative tracking index.

If the materail fails at the initial test voltage, reduce the test voltage by 100 V and follow the
same iterative procedure for the determination of the comparative tracking index, always

using

three specimens.
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Complete the determination of the comparative tracking index according to the general
procedure, and procedures 11.1, 11.3 and 11.4.

NOTE Any result of the screening test can be used for completing the general procedure to evaluate the CTI
value.

This procedure is necessary because some materials can withstand high test voltages, but
fails at lower test voltages.

11.3 Determination of the maximum 50 drop withstand voltage

By inference from the sceening data, repeat the test procedure at an appropriate test voltage,
using|a new test specimen or site and determine whether the specimen withstands the\t¢st for
the pgriod up to at least 25 s after the fiftieth drop has fallen.

If the| over-current device operated due to the occurrence of an air arcabove th¢ test
specimen, the test was invalid. Repeat the test procedure at the same volfage using @ new
test specimen or site after cleaning the apparatus and following the procedure as described in
Clausg 8. If the same event occurs, repeat the test at lower voltagesruntil a valid failure or
pass ¢ccurs. Report the details of the tests (see 11.5).

NOTE It can be impossible to determine the CTI of some materials because a valid failure cannot be achieved,
the chgracteristic behaviour moving directly from withstanding the test period@t one voltage to exhibiting air|arcs at
the next highest test voltage.

If the|over-current device operated due to the passage{of an excessive current across the
surfage of the test specimen, or if a persistent flamesoccurred, the specimen failed the fest at
that vpltage. Repeat the test on a new test specimen or site using a lower test voltagg after
cleaning the apparatus, etc. as described in Clause' 8.

If none of the above occurred and at least-'25 s elapsed after the fiftieth drop had |fallen
witholit the over-current device operating,the test is valid and the test specimen is considered
to haye passed.

If a hple has not formed through-the test specimen during the test, repeat the test on a new
test specimen or site, at higher:voltages until the maximum voltage is established at which no
failurg occurred during the test period of up to at least 25 s after the fiftieth drop has fallen in
the first five tests at that woltage. Five separate specimens or five sites on one plaque may be
used [for the tests after\cleaning the apparatus and following the procedure descrijed in
Clausg 8.

U

If a hple appeatred through the test specimen, record the result, noting both that a holg was
formed and ithe depth of the hole (the thickness of the test specimen or stack), and then
contifque the\tests as described above.

NOTE D \Whaora o hal e aanaoratad dyrina A tact th furthar tactc an ha mada n-thicl ron manc IJ to a
Where—a—hele—is—generated—during—a—test—the—furthertests—ean—be—made—on—thicker—spesimens—p

maximum thickness of 10 mm) to gain additional information after cleaning the apparatus, etc., as described in
Clause 8.

The result of tests where a hole formed, irrespective of the test specimen thickness, are
considered to be valid, but the formation of the hole shall be reported together with the depth
of the hole (the thickness of the test specimen stack).

Record, as the 50 drop result, the maximum voltage at which five specimens withstood the
50 drop period without failure.

Continue by determining the maximum 100 drop withstand voltage.
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11.4 Determination of the 100 drop point

Using the basic procedure described in Clause 8, set the voltage at a selected level and make
the test until at least 25 s have elapsed after the one hundredth drop has fallen or until failure
occurs.

If the over-current device operated due to the occurrence of an air arc above the test
specimen, the test was invalid. Repeat the test procedure at the same voltage using a new
test specimen or site after cleaning the apparatus and following the procedure in Clause 8. If
the same event occurs, repeat the test at lower voltages until a valid failure or pass occurs.
Report the details of the tests (see 11.5).

NOTE

the chgracteristic behaviour moving directly from withstanding the test period at one voltage to exhibiting air
the nex

If the

surfad
that v

clean

If non

fallen

consigered to have passed. Repeat the test on new test Specimen or site at progres

highe
occur

the fir

used
Claus

If ah

forme
continue the tests as described above:

NOTE
maxim

Clause

Record, as the 100 drop-result, the maximum voltage at which five specimens withstog

100 d

11.5

The report shall include the following information.

a)
b)
c)

d)

e)

g)

Id

pltage. Repeat the test on a new test specimen or site using a lower test voltags

It can be impossible to determine the CTI of some materials because a valid failure cannot be.achieved,

t highest test voltage.

over-current device operated due to the passage of an excessive current acrog
e of the test specimen, or if a persistent flame occurred, the specimen-failed the {

ng the apparatus, etc., as described in Clause 8.

arcs at

s the
est at
after

e of the above occurred and at least 25 s elapsed afterrthe one hundredth drop had
without the over-current device operating, the test is «valid and the test specimen is

and higher voltages until the maximum voltage is’ established at which no f
ed during the test period of up to at least 25 s after\the one hundredth drop has fa
st five tests at that voltage. Five separate specimens or five sites on one plaque m
for the tests after cleaning the apparatus and following the procedure describ
e 8.

ble appeared through the test specimen, record the result, noting both that a hol
d and the depth of the hole (the thickness of the test specimen or stack), and

P Where a hole is generated during a test, the further tests can be made on thicker specimens (
m thickness of 10 mm) to gain~additional information after cleaning the apparatus, etc., as desci
8.

fop period without failure.

Report

entification of the material tested and details of any conditioning.

sively
ailure
len in
ay be
ed in

B was
then

ip to a
ibed in

d the

Thickness of the specimens and number of layers used to achieve this thickness.

Nature of the test specimen surface where the original surface was not tested:

1) details of any cleaning process;

2) details of any machining processes, e.g. grinding;

3) details of any coating on the tested surface.

State of the surface before testing, with regard to surface imperfections, e.g. scratches,
blemishes, impurities, etc..

Cleaning procedure used for the electrodes and dropper.

Where the measurements were not made in an essentially draught-free space, report on
the approximate air flow rate.

Orientation of the electrodes in relation to any known characteristics of the material.
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h) Report on the result of the comparative tracking index test where there is no requirement
for the determination of the degree of erosion as follows:

CTI the numerical value of the maximum 50 drop voltage, obtained in five consecutive
tests (the numerical value of the highest 100 drop voltage determined in five
consecutive tests, if more than 25 V below the maximum 50 drop figure), when
appropriate followed by the letter "C" to indicate that solution C was used.

EXAMPLE for solution A 'CTI 175", or
EXAMPLE for solution B 'CTI 175 M', or
EXAMPLE for solution C 'CTI 175 C'.

Where there is an erosion requirement the result shall be reported as follows:

If, for

reported.

CTI the numerical value of the maximum 50 drop voltage, obtained in five consefutive
tests (the numerical value of the highest 100 drop voltage determined- in five
consecutive tests, if more than 25 V below the maximum 50 drop figure), |when
appropriate followed by the letter "C" to indicate that solution C was) used [~ the
maximum depth of erosion being in millimetres.

EXAMPLE for solution A 'CTI 275 - 1,2', or
EXAMPLE for solution B 'CTI 175 M - 2,4', or
EXAMPLE for solution C  'CTI 400(350) C — 3,4'.

some reason (such as extensive flaming), the erosion cannot be measured, this sHall be

Wher¢ a hole developed through the specimen, its formyation shall be reported together with

an ing

Wherg¢ the tests were invalid due to air arcs, thisshall be reported.

ication of its depth (specimen or stack thicknes®).
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Dimensions in millimetres

30° £2°

O—+F = |7

¥ / Flattened edge

0,1
0,01
™ IEC
Key
1 platinum electrode 2 brass extension (optional)
3 table 4 tip of dropping device
5 specimen 6 glass specimen support
Figure 1 — Electrode Figure 2.< Electrode/specimen arrangement

Insulating tube

- \ \E ﬂ; :
I ES I } :
: - [ —

&I

N\ | S | | {
— EC
Key
1 platinum electrode 2 brass extension (optional)
3 table 4 tip of dropping device
5 specimen 6 glass specimen support

Figure 3 — Example of typical electrode mounting and specimen support
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IEC
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AC pource 100 V to 600 V
delgdy over-current device
varipble resistor

eledtrodes

D o A W N -~

spefimen

Figure 4 — Example of test circuit



https://iecnorm.com/api/?name=1c2d42949d617dfd99284daa75e32bba

IEC 60112:2020 © IEC 2020 -19 -

Annex A
(informative)

List of factors that should be considered by product committees

The method may be used as published but there are several areas where product committees
may wish to exercise their options.

a)

b)
c)
d)
e)

f)

g)

Whether the surface of specimens with rough surfaces may be smoothed by machining,
e.g. grinding (Clause 5).

Sy
N4

Type of electrolyte to be used (solution A, or B, or C (7.3)).

W
ap
W
us|
Ny
pr
R4
W
w
(G

w
th
d€

nere the material is anisotropic, results from the direction giving, the lower valug

H £ tot Lo D)\ [l Lacl) +ho H
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ture of any allowed cleaning processes (6.2).

paratus between tests (Clause 8).

ually reported unless otherwise specified (8.1).

quired proof test voltage (10.2).

hether determination of erosion depth is required’ and, if so, the limits to be sp4q
lause 9).

hether, because of specific needs, the criteria for allowable flaming are not suital

veloped/used.

hether any special instructions need to be given concerning the method |of cleaning the

S are

mber of specimens to be used in proof tests: usually five but‘a different number may be
eferred (10.2).

hether the proof test should include a requirement for a minimum 100 drop test voltage.

cified

le for

b application in mind. In those .cdses, alternative test methods should be
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Annex B
(informative)

Solution B

Solution B is difficult to produce because some ingredients are no longer available on the
market. The use of solution B is still possible but not advisable. The preferred solution is
solution C instead of solution B.

Solution B:

Disso|ve approximately 0,1 % by mass of analytical reagent grade anhydrous ammpnium
chlorige, of a purity of not less than 99,8 %, and (0,500 £ 0,002) % by mass of sodium-d{-butyl
naphthalene sulfonate in de-ionized water to give a resistivity of (1,98 £-0;05) Qm at
(23 £[1) °C.

NOTE | The quantity of ammonium chloride is selected to give a solution in the required, fahge of resistivity.

Solutipn B can be used instead of solution C for back compatibility of test results.

To indicate that solution B was used, the CTI or PTI value shallbe followed by the letter ['M".
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CcA

Annex C
(informative)

Electrode material selection

Platinum electrodes

Platinum electrodes have been selected for determining the comparative and proof tracking
indices because platinum is the most inert material commonly available. It interacts least with
the electrolyte and insulating materials used, allowing the characteristics of the insulating

mater

Cc.2

In ord
reduc
some
partic
intera
therel
electr

al under test to become the main determining factor in arriving at the tracking index.

Alternatives

er to simulate the hardware and insulating systems used in electrical devices gnd to

e the electrode cost, materials such as copper, brass, stainless stgels gold and silv

er are

imes used instead of platinum for appraising the tracking“characteristics qf the

Lilar electrode metal and insulating material combinations. (Fhese electrode ma

erials

ct to varying degrees both with the electrolytes used andrthe insulating materialg, and
y influence the test results. The results of tests made’ with alternatives to pldtinum

bdes do not qualify as either comparative or proof tracking indices.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODE DE DETERMINATION DES INDICES DE RESISTANCE ET
DE TENUE AU CHEMINEMENT DES MATERIAUX ISOLANTS SOLIDES

La

AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de norma
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Cette cinquiéme édition annule et remplace

posée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). L’IEC
bt de favoriser la coopération internationale pour toutes les questions de normalisation dans les do
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie-des |
rnationales, des Spécifications techniques, des Rapports techniques, des Spécifications ‘accessil
lic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration\est confiég
ités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité\peut particip
bnisations internationales, gouvernementales et non gouvernementales, en liaisonfavec I'lEC, par
lement aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale,’de” Normalisation
n des conditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions techniqueS“représentent, dans la
possible, un accord international sur les sujets étudiés, étant donné que(les Comités nationaux d
ressés sont représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont 3
me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu
sure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respons
Entuelle mauvaise utilisation ou interprétation qui en est faite.par un quelconque utilisateur final.

s le but d'encourager I'uniformité internationale, les Comijtes nationaux de I'lEC s'engagent, dans {
ure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nat
égionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationa
onales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

C elle-méme ne fournit aucune attestation de‘conformité. Des organismes de certification indépd
nissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marq
formité de I'lEC. L’IEC n'est responsable d-aucun des services effectués par les organismes de certi
bpendants.

s les utilisateurs doivent s'assurer qulils sont en possession de la derniére édition de cette publicatio

une responsabilité ne doit étre~imputée a I'lEC, a ses administrateurs, employés, auxiliai
dataires, y compris ses experts’ particuliers et les membres de ses comités d'études et des (
onaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de toy
mage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris |
ustice) et les dépenses\découlant de la publication ou de I'utilisation de cette Publication de I'lEQ
e autre Publication de\NEC, ou au crédit qui lui est accordé.

tention est attirée\sur les références normatives citées dans cette publication. L'utilisation de publi
rencées est obligatoire pour une application correcte de la présente publication.

tention est ‘attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuve
et de droits)de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tel
revetstet:de ne pas avoir signalé leur existence.

brnme  internationale IEC 60112 a été établie par le comité d'études 112 de
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'EC:

taon et quallrication aes systemes el materiaux aisolement electrique.

I'Amendement 1:2009. Cette édition constitue une révision technique.

la quatrieme édition parue en 2003 et

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Introduction d’un nouveau contaminant, la solution C, avec un tensioactif aligné sur la
méthode d’essai de I'lEC 60587. Transfert a ’Annexe B de la définition de la solution B
pour référence arriere.

Introduction d’'un essai de déverminage, en tenant compte du fait que certains matériaux
peuvent supporter des tensions d’essai élevées, mais pas des tensions d’essai plus
basses.
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Elle a le statut de publication fondamentale de sécurité, conformément au Guide IEC 104.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

112/479/FDIS 112/484/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Ce ddcument a été rédige selon Tes Directives TSO/TEC, Partie 2.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant Ja dgte de
stabilité indiquée sur le site web de I'IEC sous "http://webstore.iec.ch" dansles dopnées
relatiyes au document recherché. A cette date, le document sera
e refonduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.
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METHODE DE DETERMINATION DES INDICES DE RESISTANCE ET
DE TENUE AU CHEMINEMENT DES MATERIAUX ISOLANTS SOLIDES

1 Domaine d’application

Le présent document spécifie la méthode d’essai pour la détermination des indices de
résistance et de tenue au cheminement des matériaux isolants solides sur des échantillons

pré|e\ as-sur des nartiags d'dauinemant ot das nlaatias do matériau -en utilicant 11ng
HH—G P a-8-gtHpeeht—et+—=G Pragd G HateHau H—dHHSaR—dR t

alternptive.

Le prgsent document fournit une procédure pour la détermination de la valeur 'de I'é
quand cela est exigé.

NOTE

contrélg de la qualité des matériaux et parties fabriquées. L'indice de résistance au cheminems

L'indice de tenue au cheminement est utilisé comme critére d'acceptation ainsi-que comme cri

nsion

osion

ere de
nt est

princip@lement utilisé pour effectuer la comparaison et la caractérisation de base des\propriétés des matériajx.

Cette

méthode d’essai évalue la composition et la surface du matériau soumis a I'esspi. La

compgsition et les conditions de surface influencent directement les résultats de I'évaltiation

et so

Les rgsultats d’essais tels quels ne sont pas adaptés a I’évaluation des lignes de fu
sécur|té lors de la conception des appareils électriques.

NOTE

systemies (réseaux) a basse tension — Partie 1: Princip€s, exigences et essais

NOTE

et ceuk ayant une tenue moyenne ou bonne et qui peuvent étre utilisés dans les équipements am
fonctiopner sous conditions humides. Des*gssais plus séveres, de plus longue durée, qui utilisent des tg

plus é
I’évalu

méthode du plan incliné peuvent classer les matériaux dans un ordre différent de celui obtenu par I'e
goutteqd donné dans le présent document.

La pr

est ajant tout destinée a étre utilisée par les comités d’études dans le cadre de I'élabg
de puplications de\sécurité, conformément aux principes établis dans le Guide IEC 104

Guid

P Ces éléments sont conformes a I'lEC 60664%1, Coordination de l'isolement des matériels d4

Cet essai établit une distinction entre\les matériaux ayant une tenue au cheminement relativemen

Ievées et des éprouvettes plus grandes (voir I'essai du plan incliné de I'lEC 60587), sont disponiblg
ation des performances des matériaux qui sont d’usage extérieur. D’autres méthodes d’essai coif

sente publication fondamentale de sécurité portant sur une méthode d’essai de sé

ISO/IEC 64

Mt prises en considération lors de I'utilisation des résultats au moment de la sélgection
des mjatériaux.

te de

ns les

t faible
Enés a
nsions
s pour
hme la
sai de

curité
ration
et le

L'une| des responsabilités d’'un comité d’études consiste, le cas échéant, a utiliser les

publigations fondamentales de sécurité dans le cadre de I’élaboration de ses publication

D.

2 Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I’édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

ISO 4287, Spécification géométrique des produits (GPS) — Etat de surface: Méthode du

profil

— Termes, définitions et parametres d'état de surface
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3 Termes et définitions

Pour |

es besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

chemjnement

forma
'effet
surfad

3.2

défaillance par cheminement

défail
Note 1
contre
3.3

érosi
dispa

3.4

arc électrique

arc er

3.5

indice de résistance au cheminement

IRC
valeu
suppd

SOous

ion progressive de chemins conducteurs a la surface et/ou dans un isolant sgolide
combiné des contraintes électriques et de la contamination électrolytique* de| cette
e

ance de l'isolation due au cheminement entre les parties conductrices

bn électrique
ition partielle du matériau isolant sous I'action de‘décharges électriques

tre les électrodes au-dessus de la sutface de I'éprouvette

rtent la durée d’essai~Correspondant au dépdét de 50 gouttes sans défaillance

a l'article: Dans cet essai, le cheminement est indiqué par le fonctionnement d'un dispositif de prqtection
es surintensités en raison du passage d'un courant a travers la surface d’essai et/ou dans I'éprouvetie.

numérique de la tension-maximale exprimée en volts pour laquelle cing éprouyettes

par

cheminement, sans [I'apparition d'une flamme persistante, complétée par une phrase

conce
(voir 1

Note 1

tension

Note 2
nécess

d’essai.plus basse.

a Farticle: Pour les criteres de I'IRC, une formulation concernant le degré d’érosion peut augs
pire

Note 3

Note 4
d’essai

3.6

rnant le comportement du matériau quand il est soumis a I'essai des 100 gputtes
1.3)
a l'article..MAucune défaillance par cheminement et aucune flamme persistante ne sont admises| a une

i étre

a l'article: Bien que I'apparition d'une flamme non persistante soit admise dans I'essai sans constituer un
échec, les matériaux ne générant aucune flamme sont préférables sauf si d'autres facteurs sont considérés comme
étant plus importants. Voir aussi I'"Annexe A.

a l'article: Certains matériaux peuvent supporter des tensions d’essai élevées, mais pas des tensions

plus basses. Voir également 11.2.

flamme persistante
flamme qui brdle plus de 2 s
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3.7

indice de tenue au cheminement

ITC

valeur numérique de la tension de tenue, exprimée en volts, pour laquelle cinq éprouvettes
supportent la durée d’essai correspondant au dépét de 50 gouttes sans défaillance par
cheminement, et sans I'apparition d’'une flamme persistante

Note 1 a l'article: Bien que I'apparition d'une flamme non persistante soit admise dans I'essai sans constituer un
échec, les matériaux ne générant aucune flamme sont préférables sauf si d'autres facteurs sont considérés comme
étant plus importants. Voir aussi I'"Annexe A.

3.8
eau dgstoniseée
eau ppur laboratoire a usage analytique conformément a I'lSO 3696, qualité 3 ou équivalente

4 Principe

La syrface supérieure de |'éprouvette est placée a I'horizontale etCest soumise a une
contrginte électrique par l'intermédiaire de deux électrodes. La surface existant entfe les
électrpdes est soumise a une chute réguliere de gouttes d’électrolyte jusqu’a ce que le
dispositif de protection contre les surintensités fonctionne, ou jusqu’a ce qu'une flamme
persigtante apparaisse, ou jusqu’a ce que la durée de I'essai se, sait écoulée.

Les gssais sont de courte durée (moins de 1 h) avec,jusqu'a 50 ou 100 gouttes d'environ
20 mg d'électrolyte tombant a 30 s d'intervalle entre Jes. électrodes en platine, distantes de
4 mm|a la surface de I'éprouvette.

Une fension alternative comprise entre 100 V_et"600 V est appliquée entre les élecfrodes
pendgnt l'essai.

Pendant I'essai, les éprouvettes peuvent;aussi étre érodées ou ramollies, permettant de ce
fait ayx électrodes de s’y enfoncer. La~formation d’un trou au travers de I'éprouvette pgndant
un egsai doit étre notée, ainsi que-la profondeur du trou (épaisseur de I'éprouvettqg). De
nouvgaux essais peuvent étre réalisés en utilisant des éprouvettes plus épaisses, jusqula une

NOTE | Le nombre de gouttes nécessaires pour provoquer la défaillance par cheminement augmente
habitudllement lorsque la tehsion appliquée est plus faible mais, en dessous d’une valeur critique, le chemipement
cesse ertains

N’ |mprte quelle surface approxmatwement plane peut etre ut|I|see sous reserve que elle-ci
= ! = lepuis
les electrodes d’essai.

NOTE 1 En général, des surfaces plates supérieures ou égales a 20 mm x 20 mm sont utilisées pour réduire la
probabilité d’écoulement d’électrolyte depuis les électrodes d’essai, méme si des surfaces de plus petite taille
peuvent étre utilisées, sans perte d'électrolyte (par exemple, ISO 3167, éprouvettes a usage multiple de
15 mm x 15 mm).

NOTE 2 En général, des éprouvettes distinctes sont utilisées pour chaque essai. Si plusieurs essais doivent étre
effectués sur le méme échantillon, les points d'essai peuvent étre suffisamment distants les uns des autres pour
que les éclaboussures, les fumées ou I'érosion ne contaminent pas ou n’affectent pas les autres zones a soumettre
a l'essai.

L’épaisseur de I'éprouvette doit étre de 3 mm ou plus. Les échantillons peuvent étre empilés
pour atteindre I’épaisseur exigée d’au moins 3 mm.
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NOTE 3 Les valeurs d'IRC obtenues sur des éprouvettes ayant une épaisseur de moins de 3 mm peuvent ne pas
étre comparables a celles obtenues sur des éprouvettes plus épaisses car la perte calorifique vers le support en
verre est plus importante avec des éprouvettes plus fines. Pour cette raison, I'empilage des éprouvettes est
possible.

Les éprouvettes doivent avoir des surfaces uniformément lisses et sans texture, exemptes
d'imperfections telles que des éraflures, des taches, des impuretés, etc., sauf indication
contraire dans la norme de produit. Si cela n’est pas possible, les résultats obtenus doivent
étre consignés avec une note décrivant la surface de I'éprouvette, car certaines
caractéristiques a la surface de cette derniére pourraient contribuer a la dispersion des
résultats.

Pour fes—essais—pratigt H e
éprouiette adaptée, des éprouvettes découpées dans des plaques moulées avec de\méme
matérjau isolant peuvent étre utilisées. Dans ce cas, il convient de veiller a cesque| cette
partie| de produit et cette plague soient produites si possible par le méme ‘procégé de
fabricption, donnant lieu au méme état de surface. Quand les détails du’ procédé de
fabricption final sont inconnus, des méthodes données dans I'lSO 293, I'lSO\294-1, I'|SQ 294-
3 et I'|SO 295 peuvent étre appropriées.

NOTE ¢ L'utilisation de différentes conditions et/ou différents procédés de fabrication peut conduire|a des
niveaux de performance différents dans les essais relatifs aux IRC et ITC.

NOTE p Les parties moulées selon différents sens d’écoulement peuveni aussi présenter des niveaux de
performance différents dans les essais relatifs aux IRC et ITC.

Dans |[des cas particuliers, I’éprouvette peut étre meuléefpour obtenir une surface plane.|Dans
ce cap, I'état de surface conformément a I'|SO 4287 \(par exemple les valeurs R,) do|t étre
consigné (voir 10.2 et 11.5).

NOTE ¢ Le meulage peut endommager I'éprouvette. Dans ce cas, la surface du matériau qui a été meulée
présente une valeur de cheminement supérieure ou inférieure a celle de la surface d’origine.

Si le positionnement des électrodes par rapport a une caractéristique quelconque du maériau
est d’|mportance, les mesurages doivent étre pratiqués en positionnant les électrodes dans le
sens de cette caractéristique et perpendiculairement. Le positionnement donnant la yaleur
d’IRC|la plus faible doit étre consigne, sauf spécification contraire.

NOTE ¥ L'utilisation d'un électrolyte agressif, comme la solution C, est fréquente si le matériau posséfle une
surfacq hydrophobe.

6 Clonditionnement de I’éprouvette

6.1 Conditieonnement environnemental

Sauf ppécification contraire, les éprouvettes doivent étre conditionnées pendant au moins
(231 5)°C, avec une humidité relative de (50 + 10) %. L’essai doit démarrer daps les

6.2 Etat de la surface de I’éprouvette
Sauf spécification contraire,

a) les essais doivent étre réalisés sur des surfaces propres;

b) toute procédure de nettoyage doit étre consignée. Si possible, les détails doivent faire
I’objet d’'un accord entre le fournisseur et le client.

La poussiére, les saletés, les empreintes de doigt, la graisse, 'huile, les résidus de moulage
ou les autres contaminations peuvent influencer les résultats. Lors du nettoyage des
éprouvettes, gonflement, ramollissement, abrasion ou tout autre dommage au matériau
doivent étre évités.
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7 Appareillage d’essai

7.1 Electrodes

Deux électrodes de platine de pureté minimale 99 % doivent étre utilisées (voir ’Annexe C).
Les deux électrodes doivent étre de section rectangulaire aux dimensions
(5+0,1) mm x (2 £ 0,1) mm, avec une des extrémités taillée en biseau formant un angle de
(30 £ 2)° (voir la Figure 1). L’aréte vive doit étre supprimée pour obtenir une surface
approximativement plate de 0,01 mm a 0,1 mm de large.

NOTE 1 Un microscope équipé d'un oculaire calibré s’est révélé adapté pour effectuer une vérification des

dimensjons-de-la-surface-a-lextrémité

NOTE En général, des moyens mécaniques sont utilisés pour rétablir la forme des électrodes apres up essai
afin d'gssurer que les électrodes respectent les tolérances exigées, en particulier pour ce qui concerne’ les| arétes
et les qoins.

Au debut de l'essai, les électrodes doivent étre disposées sur une, surface plahe et
horizgntale de I'éprouvette, de fagcon symétrique, dans un plan vertical, en faisant entrg elles
un angle de (60 £ 5)°, les faces verticales étant en vis a vis (voir la Figdre 2). Au déhut de
I'essaj, la distance séparant les électrodes a la surface de l€prouvette doit étfe de
(4,0 40,1) mm.

Une dale-étalon métallique rectangulaire de faible épaisseur“deit étre utilisée pour vérifier la
distarjce séparant les électrodes. Les électrodes doiventcse déplacer librement et la|force
exercge par chacune d’elles a la surface de I'éprouvéite au début de I'essai doit éfre de
(1,00 i 0,05) N. La conception doit étre telle que la ferce initiale est présumée invariable tout
au lorlg de I'essai.

Un digpositif pour appliquer les électrodes sur [és éprouvettes est représenté a la Figurel 3. La
force Hoit étre vérifiée a intervalles appropriés.

Si les| essais sont effectués uniquement sur des matériaux pour lesquels la pénétration des
électrpdes est faible, la force exercée par I'électrode peut étre générée par [l'utilisatipn de
ressofts. Cependant, sur un équipement a usage général, il convient d’utiliser le principe de
gravitg pour générer la force (veirla Figure 3).

NOTE B Sur la plupart, mais pas la totalité des équipements, si les électrodes bougent pendant I'essai a cduse du
ramollifsement ou de I'érosion:~de I'éprouvette, leurs extrémités s'arquent et la distance entre électrodes dhange.
L'amplifude et la direction.'du’/changement d'intervalle dépendent de la position relative des pivots d'électfode et
des po|nts de contact entre électrode et éprouvette. L'importance de ces changements dépend probablement du
matérigu et n'a pas éte\déterminée. Des différences de conception pourraient engendrer des écarts de rgsultats
d'essaip entre appareillages.

7.2 Circuit.d’essai

Les électrodes doivent étre alimentées avec une tension pratiquement sinusoidale, variant
entre L@G—V—ef&eeﬁ?-m-ﬁ?mmmﬁe-kh—aﬁ-kh—temmde—w 2 i i iti esure

de la tension doit indiquer une valeur efficace vraie et doit avoir une exactitude d’au moins
1,5 % pour la valeur lue. La puissance de la source ne doit pas étre inférieure a 0,6 kVA. Un
exemple de circuit d'essai adapté est représenté a la Figure 4.

Une résistance variable doit permettre d’ajuster le courant circulant entre les électrodes
court-circuitées a (1,0 £ 0,1) A, et la tension indiquée par le voltmétre ne doit pas baisser de
plus de 10 % quand ce courant est établi. L’appareil utilisé pour mesurer la valeur du courant
de court-circuit doit avoir une exactitude d’au moins +3 % pour la lecture.

NOTE Pour atteindre la tolérance exigée, il peut étre nécessaire que la tension d'alimentation de I'appareil soit
suffisamment stable.

Le dispositif de protection contre les surintensités doit fonctionner lorsqu’un courant ayant
une valeur efficace de (0,50 £ 0,05) A persiste pendant (2,00 £ 0,20) s.
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