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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHOD FOR THE DETERMINATION OF THE PROOF
AND THE COMPARATIVE TRACKING INDICES
OF SOLID INSULATING MATERIALS

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of/theNEC is to promote

internaffional co-operation on all questions concerning standardization in the electrical and elegtroni

this engl and in addition to other activities, the IEC publishes International St
entrust¢d to technical committees; any IEC National Committee interested j

with the IEC also participate in this preparation. The IEC collabora
Organigation for Standardization (ISO) in accordance with conditions d
two orgpnizations.

2) The folmal decisions or agreements of the IEC on technical
internaffional consensus of opinion on the relevant subjects since each
from alllinterested National Committees.

3) The doguments produced have the form of recommendationg for fhie
of stanfards, technical specifications, technical reportsnokx guldg
Commiftees in that sense.

4) In ordefr to promote international unificatiqn, IE
Standafds transparently to the maximum
divergehce between the |IEC Standard and
indicatdd in the latter.

5) The IEC provides no marking _procedure to\indic its\approvaland cannot be rendered responsi
equipmpnt declared to be in donformitywith oge o andalrds.

6) Attentig 5 | of\the elements of this International Standard may be

of pateft rights. The IEQ 8 < ble for jidentifying any or all such patent rights.

Internatignal St i prepared by subcommittee 15E: Method
of IEC teghnical campi ati aterials.

This fourth editi
constitutes a

Major c i revious edition are the following:

The seleftion_o
levels of|the~individUal properties and test criteria. In the previous edition of IEC

C fields. To
paration is
with may
liaising
rnational
btween the

bssible, an
Fesentation

in the form
e National

ternational
lards. Any
be clearly

ble for any

the subject

s of test,

which it

s in the
0112 the

test criteria required "no burning of the specimen”, but this gave rise 1o two ISsues:

— difficulties in the identification of burning which includes all types of combustion, e.g.
flaming, and smouldering in the situation where scintillations had occurred giving rise in

many cases to carbon on the surface of the specimen, and

— a situation in which some product committees had found it necessary to dispense with the
"no burning" criterion in the tracking tests which they replaced by flame tests on the final

product, thereby giving rise to two types of CTI/PTI with different criteria.

This standard attempts to regularize this situation.

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

FDIS Report on voting
15E/209/FDIS 15E/213/RVD

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

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

The committee has decided that the contents of this publication will remain unchanged
until 201{. At this date, the publication will be

* reconffirmed;

* withdfrawn;

+ replaged by a revised edition, or
*+ amended.

The contents of the corrigenda of June 2003 and Ogtober?2 been includg¢d in this
copy.
<®
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METHOD FOR THE DETERMINATION OF THE PROOF
AND THE COMPARATIVE TRACKING INDICES
OF SOLID INSULATING MATERIALS

1 Scope

This International standard 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 plaques of material using alternating voltages

The stanflard provides for the determination of erosion when requiregh

NOTE 1 ]he proof tracking index is used as an acceptance criterion as well 2 Y \ i 2ontro| of
materials gnd fabricated parts. The comparative tracking index is mainly uged foxkthe bgsic charasterjzation and
comparisor] of the properties of materials.

Test reslilts cannot be used directly for the evaluatio es when
designing electrical apparatus.

NOTE 2 7 i poor resistanceMo tracking, and|those with
moderate g uyider moist conditions. More sgvere tests,
of longer g erials/for outdoor use, utiliging higher
voltages a C 6058F). Other test methods duch as the
inclined m¢g given in this standard.

2 Nornative references

The follo iadispendable for the application of this dpcument.
For dated references, ies 5t edition
of the referenced ¢

IEC 605 electrical
insulating
IEC Guig ic safety
publicatid

4
1ISO 293: ompression moulding test specimens of thermoplastic maferials

ISO 294414996, Plastics — Injection moulding of test specimens of thermoplastic materials —
Part 1: Gemeratprintiptes,anmd-moutdimgof mutt-purposeand-bar testspecinens

ISO 294-3:2002, Plastics — Injection moulding of test specimens of thermoplastic materials —
Part 3: Small plates

ISO 295:1991, Plastics — Compression moulding of test specimens of thermosetting materials
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3 Terms and definitions

For the purposes of this International Standard, the following definitions apply:

31

tracking

progressive 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 electrolytic
contamination

3.2
tracking|failure
failure of|insulation due to tracking between conducting parts

NOTE In the present test, tracking is indicated by operation of an over-curren de cendue %sage of
a current of at least 0,5 A for at least 2 s across the test surface and/or within the im

3.3
electricall erosion
wearing away of insulating material by the action of ¢

3.4
air arc
arc betweé¢en the electrodes above the si

3.5
compar]tive tracking inde

CTI
numerical value of thg
period fqr 50 drops
including| also
100 dropf (see

NOTE 1 Tlhe criteria f \ U . sfatement concerning the degree of erosion.

maxj h five test specimens withstand| the test
and without a persistent flame occufring and

behaviour of the material when testped using

NOTE 2 A € sat” flame ig’ allowed in the test without constituting failure, matefials which
generate n e S other factors are considered to be more important. See alsp Annex A.

3.6
per5|stt§
in case 0 ich burns for more than 2 s

3.7
proof tracking index

PTI

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

NOTE 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.
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4 Principle

The upper surface of the test specimen is supported in an approximately 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 individual 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.

Ana.c.v

During the test, specimens may also erode or soften, thereby i odes to
penetratg i > to be
reported de using
thicker te

NOTE Th ied voltage
and, below|a critical value, tracking ceases to occur.

5 Test specimen

Any apprpximately flat surface may be™used 3 sure that

during the test no liquid flows over the edg

NOTE 1 Hlat surfaces of not less than 20 mm\ x 20 R_arexeco
loss over the specimen edge alfhe gizes
15 mm x 1 i

NOTE 2 I{is preferable to use s S ach test. If several tests are to be made oph the same
test piece, h sting points are sufficiently far from each other so that
splashes of fumes fro i i illR inate the other areas to be tested.

gnded to reduce the probability of| electrolyte
subject to no electrolyte loss, e.g.|I1ISO 3167,

The thickness o ¢ S be 3 mm or more. Individual pieces of matgrial may

NOTE 3 Tlhe values pecimens with a thickness below 3 mm may not be complarable with

those obtai cause of greater heat transmission to the glass support through fhinner test
specimens gcimens are allowed.

Test spé i g nominally smooth and untextured surfaces which are free from
surface i as scratches, blemishes, impurities, etc, unless otherwige stated

in the prpduct ard. If this is impossible, the results shall be reported togethgr with a

statement.describmg”the surface of the specimen because certain characteristics on the
surface W i } -
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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 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 lead to different levels of performance in
the PTIl and CTI test.

NOTE 5 Parts moulded using different flow directions may 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/\
Where the direction of the electrodes relative to any feature of the’material is\significant,
measurements shall be made in the direction of the feature and ort irection
giving the lower CTI shall be reported, unless otherwise specified.

6 Test specimen conditioning

6.1 Envjronmental conditioning

Unless olherwise specified, the test specimens d for a minimum ¢f 24 h at

23 °C + § K, with (50 + 10) % RH.

6.2 Test specimen surface state
Unless otherwise specified,

a) tests ghall be made o

b) any dleaning proce shall be
agregd between suppli

NOTE Dupt, dirt, ' s sults. Care
should be faken whenvcl i b age to the
material.

7 Test

71 Eleé

Two elec B). The
two elec mm, with
one end 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.

NOTE 2 It is recommended that 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 mm £ 0,1 mm.
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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 N + 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 WH ost—t aH—destgrs—of-apparatus—if—th ectrodes—move—during—attest—die—to—spoftening or
erosion of the spemmen thelr tlps will prescrlbe an arc and the electrode gap WI|| a . dnitude and
direction ofl the gap change will depend on the relative positions of the electrode pivo{§ and the e b/specimen
contact pofints. The significance of these changes will probably be material /depe g not been

The ele between
100 V and 600V at a frequency of 48 Hz to 62 z. The \voltage m ice shall
indicate & > e source
shall be 4.

A variab ' Lcircuited
electrode oltmeter shall not dedrease by

more tha he instrument used to measure the

value of

The inpu R dequately stable.

The ovelf-curre vice 3 i e’ a current with an r.m.s. value of 0,50 A with
a relative toleran arsi %.

7.3 Tes

Solution

Dissolve( i 1 % by mass of analytlcal reagent grade anhydrous ammonium
chloride nductivity

of not grg

NOTE 1 Yelect the quantity of ammonium chloride to give a solution in the required range of resistivity.
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Solution B:

Dissolve approximately 0,1 % by mass of analytical reagent grade anhydrous ammonium
chloride, of a purity of not less than 99,8 %, and 0,5 % + 0,002 % by mass of sodium-di-butyl
naphthalene sulfonate in de-ionized water, having a conductivity of not greater than 1 mS/m,
to give a resistivity of (1,98 + 0,05) Qm at (23 £ 1) °C.

NOTE 2 Select the quantity of ammonium chloride to give a solution in the required range of resistivity.

Solution A is normally used, but where a more aggressive contaminant is required, Solution B
is recommended. To indicate that Solution B was used, the CTI or PTI value shall be followed
by the letter "M".

The conduetivity-of-the—s tors—she be-mes - , guency in
the range 1 kHz to 2 kHz.

7.4 Dropping device

Drops of 5s. The
drops shall fall more or less centrally between the electrodgs + 5 mm.
The time

The mas A and 1,147 g. The nmpass of a
sequenc] 1

NOTE 1

The mas

NOTE 2 Hor Solution A, a length of thi ed stai having an
outer diameter of between 0,9 9, ¢ und to be
suitable foil the tip of the drogpping ice. i 0,9 mm to
3,45 mm have been found to A

NOTE 3 Tlhe use g d le drops or
whether drgps are m g.

7.5 Tes

A glass plate g total thickness of not less than 4 mm and of a suifable size
shall be

NOTE 1 Hed that a
disposable|glas icroscope stide be placed on the specimen support table immediately under the test gpecimen.
NOTE 2 e loss has
been found usefdl.

7.6 Electrode assembly installation

The specimen and its immediate electrodes shall be mounted in an essentially draught-free
space in an enclosure.

NOTE To keep the chamber reasonably free of fumes, it may 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 enclosure may be substantially higher to assist in fume removal. The air velocity may
be measured with an appropriately scaled hot wire anemometer.

A suitable fume extraction system shall be provided to allow safe venting of the enclosure
after the test.
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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
used, unless otherwise specified.

Test shall be made at an ambient temperature of (23 = 5) °C.

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

shall be

The resuft of a test where a hole is formed is considered to be valid
specimen thickness, but the formation of the hole shall be reported fogetherwi
the hole (the thickness of the test specimen or stack).

8.2 Preparation

Immediately before the test ensure,

temperature is sufficiently low so effect on the
propertiep.

Ensure flfeedom from visual contaminationa hat the solution to be used
to the cd i S
before thpe test.

NOTE 1 € 3
evaporatio ricre its \concentration — both of WhICh may result in lower than true
such caseq it may t ide
the inside
depending

In case @
agreed b

Place thg
4

support

assembl

tiv olf the test

depth of

with de-
fest.

e electrodes, that their

Epecimen

conforms

g, or by measurement immediately

lution and
values. In
olvent and
o 20 drops

shall be

Epecimen
mounting
ntation is

e contact

with the gurface of thle specimen with the required force and over their full width.

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

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 to

lerance.
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8.3 Test procedure

Start the dropping system so that drops fall on to the test surface and continue the
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
occuring.

NOTE |If there is no requirement for the determination of erosion, the 100 drop tests may be made ah
50 drop tests.

After co
specimen.

9 Detemrmination of erosion

test until

a) or b)

ead of any

the test

When required, specimens which have not failed at the 5Q ed of any
debris or C h gauge.
The max e Mmeasureq in millimetjes to an

accuracy

Erosion d

In the cape of tests according to Clause 10,.whe gd the erosion shall be meg
the specimens which withs{eod 50 drop at oltage
In the cape of tests acpording to'C swhenrequired the erosion shall be meg

the five slpecimens tes

10 Determinati;

end. The

sured on

sured on

Where, i in other
standar% nce with
Clause the~single voltage specified. The required number of specimg¢ns shall
withstang tracking
failure, a

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

NOTE The recommended number of specimens is five.

The proof voltage shall be an integer multiple of 25 V.
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10.2 Report
The report shall include the following information:

1. ldentification of the material tested and details of any conditioning.
Thickness of the specimens and the number of layers used to achieve this thickness.
Nature of the test specimen surface where the original surface was not tested:
3.1 details of any cleaning process,
3.2 details of any machining processes, e.g. grinding,
3.3 details of any coating on the tested surface.

4. State Uf thG OUIbeU bUfUIU tcot;llu, vv;th ICHGId tU OUIfGUU ;IIIFUIf Ut;UII Surface
scrat¢hes, blemishes, impurities, etc.

5. The deaning procedure used for the electrodes and dropper. 2
Wherg the measurements were not made in an essentially drau port on
the approximate air flow rate.

7. Orientation of the electrodes in relation to any known ipl.

8. Repof nt for the
deter

P if Type B.
E
Wherp
= if Type B,
and the maximum depth of erosjon
EXAMPLE ‘Fail R
Wherg the erosio shall be
reporied.
Wherg a hol€ together
with gn indicatigh
Wher

11 Deter

11.1 Ge

Determing

voltage @

whether,

withstands 100 drops If this is not the case, the maximum 100 drop W|thstand voltage has to
be determined.

NOTE 1 The wording of the previous edition of this standard implied that determinations of the maximum 50 drop
withstand voltage had to be made before any 100 drop determinations.

NOTE 2 It is recognized that the cost of testing may be reduced by firstly determining the maximum 100 drop
withstand voltage and therefore this procedure is recommended in this standard.

11.2 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
previous failure occurs.
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If the behaviour of the material is unknown, it is recommended that the starting voltage
be 350 V.

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 progressively lower and lower voltages until a
valid failure or pass occurs. Report the details of the tests (see 11.4).

NOTE 1 It may be impossible to determine the CTI of some materials because a valid failure cannot be achieved,
the characteristic behaviour moving directly from withstanding the test period at one voltage to exhibiting air arcs
at the next highest test voltage.

If the over—current—device operated—duetothe passage of amexcessiv t=gross the
surface df the test specimen, or if a persistent flame occurred, the speci ne test at
that voltdge. Repeat the test on a new site/specimen using a lower 1 cleaning
the appafatus, etc. as described in Clause 8.

If none gf the above occurred and at least 25 s elapsed drop had
fallen without the over-current device operating, the tes cimen is
considergd to have passed. Repeat the test on new sites ly higher
and higher voltages until the maximum voltage is ¢ occurred
during the test period of up to at least 25 s after th ¢ in the first
five testd at that voltage. Five separate specimgns ¥ S n one plaque may| be used
for the tefts after cleaning the apparads : dyre described in Clause 8.

If a hole|appeared through the test sp' 2 It noting both that a hole was

formed e test specimen or stack), jand then

NOTE 2 here a hole is gene e & _tests may be made on thicker specimeps (up to a
maximum fhickness of 10 i after cleaning the apparatus, etc., as described in
Clause 8.

Where thle prop voltages
above 400 V shallNge

Record, stood the
100 drop

Continug|

11.3 De

By inferebhce from the 100 drop data repeat the test procedure at an appropriate test voltage,
using a new site/specimen and determine whether the specimen withstands the test for the
period 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 arc above the test
specimen, the test was invalid. Repeat the test procedure at the same voltage using a new
site/test specimen after cleaning the apparatus and following the procedure as described in
Clause 8. If the same event occurs, repeat the test at progressively lower and lower voltages
until a valid failure or pass occurs. Report the details of the tests (see 11.4).

NOTE 1 It may be impossible to determine the CTI of some materials because a valid failure cannot be achieved,
the characteristic behaviour moving directly from withstanding the test period at one voltage to exhibiting air arcs
at the next highest test voltage.
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If the over-current device operated due to the passage of an excessive current across the
surface of the test specimen, or if a persistent flame occurred, the specimen failed the test at
that voltage. Repeat the test on a new site/specimen using a lower test voltage 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 was 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 new
sites/specimens, at progressively higher and higher voltages until the maximum voltage is
established at which no failure occurred during the test period of up to at t 25 s after the
S on one
rocedure

p g
ay be used for the tests after cleaning the apparatus and
in Clause 8.

plaque
describe

If a hole|appeared through the test specimen, record the resylt notihg bot hole was
formed, and the depth of the hole (the thickness of the ftg im and then
continue [the tests as described above.

hs (up to a
pscribed in

NOTE 2 Where a hole is generated during a test, the further g
maximum fhickness of 10 mm) to gain additional information 4
Clause 8.

The resu rmed, i cti gt specimen thicknpess, are
considered to be valid, but the formatio ith {he depth
of the ho }

Record, $tood the

50 drop

11.4 Report

It shall@d

Identifi
Thick

The repo

4. State of fhn. ellrf-nn-'\n before fnefing, with rng:\rd to surface impnrfnr\fir\nc, e.g—s ratcheS,
blemishes, impurities, etc.;

5. Cleaning procedure used for the electrodes and dropper;

6. 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.

8. 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:

e 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 25V below the maximum 50 drop figure), when
appropriate followed by the letter “M” to indicate that Solution B was used.
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EXAMPLE ‘CTI175’, ‘CTI 175 M’, or ‘CTI 400(350) M’
Where there is an erosion requirement the result shall be reported as follows:

e 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 25V below the maximum 50 drop figure), when
appropriate followed by the letter “M” to indicate that Solution B was used — the
maximum depth of erosion being in millimetres.

EXAMPLE ‘CTI275-1,2’, ‘CTI 375 M -2,4, or ‘CTI 400(350) M - 3,4’

If, for sorlwe reason (such as extensive flaming) the erosion cannot be
reported.

shall be

Where a|hole developed through the specimen, its formation g 5 ther with
an indication of its depth (specimen or stack thickness).

Where thle tests were invalid due to air arcs, this shall
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