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The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri

The formal decisions or agreements of IEC on technical matters expressy.as nearly as possible, an internati

SurfaceTesistanceand surface Tesistivity
FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
o-operation on all questions concerning standardization in the electrical and electronicAields. To this end
h addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). T
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
hay participate in this preparatory work. International, governmental and non-govetnmental organizations liai
vith the IEC also participate in this preparation. IEC collaborates closely withthe International Organizatio
btandardization (1SO) in accordance with conditions determined by agreement between the two organizatior

onsensus of opinion on the relevant subjects since each technical eommittee has representation fron
hterested IEC National Committees.

EC Publications have the form of recommendations for interhational use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are/made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible ‘for the way in which they are used or for
hisinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publicaf
ransparently to the maximum extent possible in theipnational and regional publications. Any divergence betw

EC itself does not provide any attestation ofisconformity. Independent certification bodies provide confor
ssessment services and, in some areas, (access to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent certification bodies.

A\l users should ensure that they have'the latest edition of this publication.

No liability shall attach to IEC or"itfs directors, employees, servants or agents including individual experts
hembers of its technical committees and IEC National Committees for any personal injury, property damag
ther damage of any naturewwhatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\ the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

\ttention is drawn/tothe Normative references cited in this publication. Use of the referenced publicatior
hdispensable for the’correct application of this publication.

EC draws attention to the possibility that the implementation of this document may involve the use o

!

atent(s). /EC.takes no position concerning the evidence, validity or applicability of any claimed patent righ
espect _thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), W
ay be required to implement this document. However, implementers are cautioned that this may not repre
e/latest information, which may be obtained from the patent database available at https://patents.iec.ch.
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hallnot be held responsible for identifying any or all such patent rights.

This commented version (CMV) of the official standard IEC 62631-3-2:2023 edition 2.0
allows the user to identify the changes made to the previous IEC 62631-3-2:2015
edition 1.0. Furthermore, comments from IEC TC 112 experts are provided to explain the
reasons of the most relevant changes, or to clarify any part of the content.

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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IEC 62631-3-2 has been prepared by IEC technical committee 112: Evaluation and qualification
of electrical insulating materials and systems. It is an International Standard.

This second edition cancels and replaces the first edition published in 2015. This edition

con

stitutes a technical revision.

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

a)

descriptions of the electrode arrangements have been clarified;

new descriptions of the conductive means have been added;

a new informative Annex B summarizing the results of the comparative verification‘study
surface resistivities using different electrode arrangements has been added.

text of this International Standard is based on the following documents:
Draft Report on voting
112/612/FDIS 112/619/RVD

on

Full information on the voting for its approval can be found in the-report on voting indicated in
the|above table.
Thg language used for the development of this International Standard is English.
This document was drafted in accordance with |ISQ/IEC Directives, Part 2, and developed in
acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availgble
at fvww.iec.ch/members_experts/refdocs. The“main document types developed by IEC |are
dedcribed in greater detail at www.iec.ch/pyaltications.
A list of all parts in the IEC 62631:series, published under the general title Dielectric and
resjstive properties of solid insulating* materials, can be found on the IEC website.
Thg committee has decided that the contents of this document will remain unchanged until|the
stability date indicated on(the IEC website under webstore.iec.ch in the data related to |the
specific document. At this date, the document will be
e Jreconfirmed,
e |withdrawn, ot
e Jrevised.

IM = es

of

that it contains colours which are considered to be useful for the correct understanding

its contents. Users should therefore print this document using a colour printer.
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DIELECTRIC AND RESISTIVE PROPERTIES
OF SOLID INSULATING MATERIALS -

Part 3-2: Determination of resistive properties (DC methods) —
Surface resistance and surface resistivity

1 [Scope

Thig part of IEC 62631-covers describes |1 methods of test for the determination ©f,surface
res|stance and surface resistivity of electrical insulation materials by applying DC veltage.

2 [Normative references

Thg following documents are referred to in the text in such a way that seme or all of their confent
constitutes requirements of this document. For dated references, onlythe edition cited appljes.
For| undated references, the latest edition of the referencéd “document (including pny
amendments) applies.

IEQ 60212, Standard conditions for use prior to and during the testing of solid electnical
instylating materials

IEQ 62631-3-1, Dielectric and resistive properties of solid insulating materials — Part 8-1:
Detflermination of resistive properties (DC methods) — Volume resistance and volume resistivity

— General method*

IEQ 62631-3-3, Dielectric and resistivesproperties of solid insulating materials — Part 8-3:
Defermination of resistive properties\DC methods) — Insulation resistance*

3 |Terms and definitions

Forlthe purposes of this.<document, the following terms and definitions apply.

ISQ and IEC maintain terminology databases for use in standardization at the follow
addresses:

ng

o |IEC Elektropedia: available at https://www.electropedia.org/

o [ISO(Online browsing platform: available at https://www.iso.org/obp

3.1
electrode arrangement
electrical conductive bodies on the surface of a test specimen

Note 1 to entry: The arrangement of electrodes should include procedures to ascertain sufficient contact to the
surface (e.g. by means of conducting paint) and/or the use of adequate mechanical system applying the necessary
contact force to the test specimen's surface or both.


https://www.electropedia.org/
https://www.iso.org/obp
Editorial clarification.
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3.1.1
annular electrode

cen

tral circular planar electrode with a surrounding ring electrode separated by a gap

SEE: Figure 3.

Note 1 to entry:

Guarded electrode systems as described in4EC-62634-3-4 |IEC 62321-3-1 are of similar shape. In

the case of surface resistance, the ring electrode does not have the function of a guard; guard functionality, however,
is provided by the opposite electrode.

3.1.2

lingetectrode

ele¢trode arrangement provided by two parallel lines, separated by a gap, applied to the {est

specimen's surface using a conductive material

SEI: Figure 2.

3.1)3

spring loaded electrode

lingl electrode system using two parallel lines of conducting spring tongues with sharp edges,

separated by a gap

SEI: Figure 1.

3.2

measured resistance

ratip of a DC voltage applied to an electrode arrangemeht in contact with a test specimen to|the

curfent between them measured with sufficient precision

Notd 1 to entry: A three-terminal electrode arrangementitay can |2 be used to exclude undesired volume currents

froml the determination of the measured resistance.

Notg 2 to entry: A Wheatstone bridge-may can \& also be used to compare the measured resistance with a stanflard

resigtor. However, Wheatstone bridges are noticommonly used anymore.

Notd 3 to entry: According to IEC 60050-121: Electromagnetism, "conductivity" (IEV 121-12-03) | 4 is definefl as

"the|scalar or tensor quantity, the product of which by the electric field strength in a medium is equal to the eleftric

current density" and "resistivity" (1E\) 121-12-04) as "the inverse of the conductivity when this inverse exipts".
sured—in-this—way,—the-sy e-resistivity-is—an—-average—of-the resistivity overpossibleheterogeneities—in-the

volume-incorporated-in the measurement;itincludes the effect of possible polarization phenomena-at the electrofdes.

Meaured in this way, the sutface resistivity integrates different electrical conduction pathways at the surface of the

matgrial or in its nearby0ltime, with the possible presence of heterogeneities; it includes the effect of posgible

polafization phenomena atthe electrodes. Therefore, it is considered as an averaged value. |9

3.3

sunface resistance

Rs

megsured resistance between any electrode arrangement defined in IEC 62361-3-2

Note 1 to entry: Depending on the electrode arrangement used, it is designated as Rg,, Rgg, Rgo, Rgp OF Rgg With

surface resistance, Rq expressed in Q.

Note 2 to entry: An indeterminable part of the resistance inside the material is also included in surface resistance
during the measurement of this resistance.

3.4

Rsc

surface resistance between annular electrodes
measured resistance between the inner circular area of an annular electrode system and the
outer circular ring electrode



Editorial clarification.

Editorial clarification.

Reference source is added for the defined term.

It is clarified that the surface resistivity value may include the presence of heterogeneities as well as the possible effects of polarization phenomena.

https://iecnorm.com/api/?name=d943a4f8a94fb95625c2d0541ef022af
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Rsp
surface resistance between line electrodes
measured resistance between line electrodes

3.6

Rse
surface resistance between line electrodes for small plates
measured resistance between line electrodes for small plates

3.7

RsE
sur
me

3.8

Rg)
sur
me

3.9
sun
o/s

Lla

sur

Notg

Notg
op 4

Notg
elec

Notg
matg

the
4

Ins

023

ace resistance between small line electrodes
hsured resistance between small line electrodes

ace resistance between spring loaded electrodes
hsured resistance between spring loaded electrodes

face resistivity

uare

[ace-resistanceRgpRgprRgc Rgp-oF RgpFeferreddo-asquareexpressed-as—e,; 6,6
. Fespectively

ace resistance reduced to a square

1 to entry: The numerical value of surfaéé€jresistivity is independent of the size of the square.

2 to entry: Surface resistance Rgp,(Rgg, R Rgp and Rge referred to a square, are expressed as o,, og

SB’ 7'SC’

hd o respectively.

32 to entry: Surface resistivity is often expressed by the non-standardized unit Q per square, to show tha
rode dimension has been taken into account by calculating the specific value.

43 to entry: The durface resistivity is often used to compare one kind of surface characteristic of a saf
rial with those of ©ther materials. It can be compared for materials only if identical standardized dimensior

blectrodes are_ used. Recommended dimensions are given in 5.3. | 6
Significance

Ilating materials are used in general to electrically isolate components of an electn

6,

O'C,

the

hple
s of

ical

sys

enT_fromT_eachother and—fromtheeartit.—Sofid—insutating—materiats—cam—atsoprov

ide

mechanical support. For this purpose, it is generally desirable to have the insulation resistance

as high as possible, consistent with acceptable mechanical, chemical and heat resista
properties.
Surface resistance is, as volume resistance, a part of the insulating resistance.

nce

Insulating resistance shall be determined according to IEC 62631-3-3 and volume resistance

acc

ording to IEC 62631-3-1.

Surface resistance supplies information on the electrical resistances-en of | 7 the surface of

materials and products. The surface resistance also permits monitoring of changesin the
resistance—by—external—effects.. 8 Surface resistance, however, for its major part is not a


The definition is aligned to the definition in IEC 60050 reference 212-11-13.

Editorial clarification.

Sentence is deleted to avoid possible misinterpretations that monitoring the surface resistance may allow the evaluation of the overall resistance variation due to external effects, which is not the intention of test method.

https://iecnorm.com/api/?name=d943a4f8a94fb95625c2d0541ef022af
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materials' property. Surface resistance depends mainly on processing parameters,

env

ironmental conditions, surface ageing phenomena and pollution, etc.

NOTE Depending on the specific application, different electrode arrangements can be preferable. 9

5 Method of test

5.1 General

This general method describes common values for general measurements. If a method for a
spj:ific type of material is described in this document, the specific method shall be used:
Different types of electrodes can be used, depending on the specific measurement ‘or) product
demands. For instance, on surfaces with a curved shape, a small line electrode can| be
advVantageous. Spring loaded electrodes provide measurements with low effort on products and
are|optimal for materials which have to be conditioned before the test. If not already stipuldted
by & product standard, the choice of the electrode arrangement shall be made considering|the
typical application.

If tgst specimens are made from materials (e.g. soft rubber)-changihg-their whose dimensipns
willfchange significantly-when—-applying as a result of the force‘@pplied by the electrodeq on
them 10, these electrodes are not applicable and an alternative_arrangement shall be used

If po information about the application is available,) small line electrodes (Rgg) [are
recommended.

5.2 Voltage

Thg measuring voltage-shaH should 41 preferably be 10 V, 100 V, 500 V, 1 000 V, 10 000
Othervoltagesmay be-applicable—If nof otherwise-stipulated specified by the relevant prodquct
stapdard 12, a voltage of 100 V shalbe used.

Tedhnical committees shall specify the preferred test voltage when referring to this document| 43
NOTE 1 Partial discharge can lead to erroneous measurements when a specific inception voltage is exceeded. In
air, below 340 V, no partiakdischarges will occur.

NOTE 2 The ripple of thé voltage source is important. A typical value for 100 V is < 5 x 107% peak to peak.

5.3] Equipment

5.31 General

Care’should be taken that the surface resistance is not negatively influenced by parasitic
resk@mwmvﬁvmwmmmm, i S or

cable isolation.

To prevent measuring errors for measured resistances higher than 1010 Q, shielded cables and
shielded measuring cabinets shall be used.

For the determination of surface resistance and surface resistivity, different electrode
arrangements can be used. The evaluation of surface resistivity is dependent on the selected
electrode arrangement.

NOTE Comparison between measurement results can be done only between measurements performed using the

sam

e electrode arrangements and conductive means. 14



Sentence is moved to a note since no requirements are provided.

Sentence is editorially improved for easier understanding.

It is clarified that the provided voltage values are suggested, and are not a requirement. Different voltage values can be used by the Technical Committees referring to this test method.

It is clarified that voltage values specified by the relevant product standards have priority over the recommended 100 V by this clause.

It is clarified that product committees referring to the test method described in this Standard have the responsibility to specify which test voltage values shall be used to test the materials used in the products under their responsibility.

Considering the results of the comparative verification study described in Annex B, it is clarified that comparison of test results can be done only between measurements performed by the same type of electrode arrangements and conductive means.

https://iecnorm.com/api/?name=d943a4f8a94fb95625c2d0541ef022af
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5.3.2 Accuracy

Any suitable equipment can be used. The measuring device shall be capable of determining the
unknown resistance with an overall accuracy of at least

e 110 % for resistances less than 1010 Q;
e 20 % for resistances between 1019 Q and 104 Q; and
e +50 % for-values resistances higher than 1014 Q. 15

NOTE The provided accuracies have been confirmed through the round robin test results reported in Annex B. 16

5.3(3 Voltage source

A spurce of-very steady direct voltage is required. This can be provided either by.batterie$ or
by fectified and stabilized power supply. The degree of stability required is such thatthe chahge
in durrent due to any change in voltage is negligible compared with the currentte.be measured.

5.3/4 Electrode arrangements 17
5.3]14.1 General

Eleftrode arrangements consist of the combination of electrodes-and conductive means. The
conductive means shall be applied to the test specimen before_performing the measuremepts.
Elefptrodes are then placed in contact with the conductive medns applied on the test specimen
in drder to perform measurements. 18

NOTE Annex B contains the results of the comparative verification study on surface resistivities using diffdrent
elecfrode arrangements.

5.3/4.2 Electrode arrangement A — Spring-loaded electrodes

Thg electrode arrangement A shall consjst'of two flexible metal knife-edges with a length of
100 mm and a gap distance of 10 mm a@s shown in Figure 1.

No |guard electrode is used. The<metal knife-edges shall consist of individual spring tongues
arrganged next to each other about 0,3 mm apart and each with a length not exceeding 5,0 mm
and 0,3 mm thick. The conta¢tforce shall be high enough so that all tongues or segments fest
agdinst the surface of the test specimen, but without damaging the surface.

A pl|ece of metal exelrting the contact force-should shall 19 be applied with high-grade insula
where in contact with the specimen.

on



The text of third bullet item is aligned with the text of first and second bullet items.

Note is added to inform about the results of the round robin test that are provided in new Annex B.

The electrode arrangements are grouped into a subclause for easier understanding of the test method.

It is clarified that “electrode arrangements” is composed by the type of the electrode used and the type of conductive means used. A general description of the testing process is also added comprising two main steps: 1) the application of the conductive means to the test specimen, and 2) the execution of the measurements after having brought the electrode in contact with the conductive means applied to the test specimen.

To avoid possible different interpretation and therefore ensure consistency of results between different tests, it is clarified that the sentence is a requirement.
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Figure 1 — Electrode arrangement A (example)

5.3.4.3 Electrode arrangement B — Small line electrodes
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Electrode arrangement B shall consist of a two-terminal collector with conductive blades being
in contact with the conductive means on the test specimen, as shown in Figure 2. No guard
electrode is used.

For the purpose of electrode arrangement B, conductive means shall be applied as two 1,5 mm
wide lines with a length of 25,0 mm and a gap distance of 2,0 mm. Lines shall be applied before
conditioning. 20

Types of conductive means and the related applications are described in 5.6.4. 21

IEC

Figure 2 —

Electrodezarrangement B (example)

5.3|4.4 Electrode arrangement C — Annular electrodes

Eleftrode arrangement C is*a-three-terminal electrode system, as shown in Figure 3. On pne
side of the test specimen,-annular electrodes are applied. The opposite surface of the fest
specimen-is-to shall 22'%he’covered by a guard electrode, not smaller than the area covereg by
the|corresponding electrodes.

5:613)



For better understanding, the description of the electrode arrangement is separated from the description of the conductive means dimensions and application.

For a better understanding of the document, the description of different types of conductive means and the related suggested application processes are moved to a new clause.

Editorial clarification.

https://iecnorm.com/api/?name=d943a4f8a94fb95625c2d0541ef022af

IEC 62631-3-2:2023 CMV © IEC 2023 - 13 -
Key
1 specimen
2 electrode 1
3 measuring area
4 electrode 2
5 electrode 3 (guard electrode)
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Figure 3 — Electrode arrangement C (example) 24



Figure key is revised to correctly report all the abbreviations keys.

It is clarified that the provided electrode arrangement is an example.
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Any electrode dimensions can be used, unless otherwise-stipulated specified by the relevant
product standard 25. Typical electrode dimensions are given in Table 1. For comparison tests,
electrode arrangement C1 is recommended.

Table 1 — Typical electrode dimensions for electrode arrangement C

dy dy dy
Electrode arrangement
mm mm mm
c1 50 60 80
C2Z o 60 100
Cc3 25 38 50

Wit
be

Eith
are
not

NOT
it-sh

test[specimen. 27

h electrode arrangement C, the surface resistance between electrode 1 and glectrode 2 s
measured. Electrode 3 shall be earthed.

bs where electrode 1, electrode 2 and electrode 3 are placed. Afi¢ conductive means s
be applied on the surface between electrode 1 and electrode(®,'26

E In the case of materials with limited conductivity and also occasienally films having a thickness of < 10
aH-be-noted-that the input resistance of the ammeter is significantly smaller than the volume resistance o

4.5 Electrode arrangement D — Line electrodes

hall

er of the conductive means described in 5.6.4 shall be placed orpainted on the surface

hall

um,
the

5= ¢
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Ctrode arrangement\® shall consist of a two-terminal collector electrode arrangement
ductive blades being in contact with the conductive means on the test specimen, as sh
igure 2. No gulard electrode is used.

the purpoSeé of electrode arrangement D, the conductive means shall be applied as
bllel 136~mm wide lines with a length of (100,0 £ 1,0) mm and a gap distance
0 £(0,5) mm. They can be applied before the treatment.

two

Thetypes of conductive means and the related applications are described in 5.6.4. 28

5.3.4.6 Electrode arrangement E — Line electrodes for small plates



Editorial clarification.

The new paragraph clarifies the conductive means application procedure.

Sentence is moved to a note since no requirements are provided.

The clause is simplified by separating the description of the electrode arrangement and the description of the conductive means application method.
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Electrode arrangement E consists of a three-terminal collector electrode as shown in Figure 4,
item B).

For the purpose of electrode arrangement E the conductive means shall be applied as two
parallel 1,0 mm to 2,0 mm wide lines with a length of (50,0 + 1,0) mm and a gap distance of
(5,0 £ 0,5) mm that can be applied before conditioning of the test specimen.

The_appaosite surface of the test specimen shall be covered by a guard elecirode not smaller
thap the area covered by the corresponding electrodes.

Tydes of conductive means and the related applications are described in 5.6.4.

NOTE Examples of combination of electrode types and dimensions of test specimens are proviged in Annex A| 29

5.4| Test circuit

Depending on the electrode arrangement selected, two- or three-terminal measurements shall
be garried out (see Figure 4).

For| annular electrodes (electrode arrangement C) and/line electrode arrangement| E,
a three-terminal test circuit is necessary as a grounded protective electrode is mandatory.

Forlany other line electrode arrangement (A, B and D);a two-terminal test circuit shall be uged.



The clause is simplified by separating the description of the electrode arrangement and the description of the conductive means application method.
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Figure 4 — Connection diagram of measurement with two- and
three-terminal electrode arrangements

Calibration

equipment shall be\calibrated in the magnitude of the surface resistance measured.

E Calibration resistors in a range up to 100 TQ are commercially available.
Test,specimen
1 Recommended dimensions of test specimen and electrode arrangements

specimen’s dimensions-—need shall 30 be sufficient to apply the selected electr

pde

arrangement. Recommendations for products are given in Annex A.

5.6.

2 Manufacturing of test specimen

The production and shape of the test specimen shall be determined by the relevant standards
for the material. During removal and production of the specimen, the condition of the material
shall not be changed and the specimen removed shall not be damaged.

If the surface of the test specimen is machined at the contact areas of the electrodes, the type
of machining shall be specified in the test report. The test specimen shall have a geometrically
simple shape (plate with parallel measuring areas, cylinder, etc.).


Editorial clarification.
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NOTE Machining of the test specimen can be performed on the specimen when it is representative of the application
target for the materials. 31

Specimen from products shall be prepared with the product thickness, if possible.

5.6.3 Number of test specimens

The number of test specimens to be tested shall be determined by the relevant product
standards. If no such data is available, at least three specimens shall be tested.

5.6 4 Application of-electrodes conductive means 32
5.6{4.1 General

When using adhesive-electrodes conductive means 33 (electrode arrangements B,C, D and|E);
carp-shal-be-taken, ensure 34 that a proper contact is provided over the whole area covdred
by{the—electrode 35. The—electrode—material conductive means 36 used)shall, after|an
apdropriate time of conditioning, not influence the measured values for surface resistance.

NOTE 1 Conductive silver paint and suspensions of graphite have been found appropriate.

NOTE 2 Annex B contains the results of the comparative verification study op.'susface resistivities using diffdrent
elecfrode arrangements and conductive means. 37

5.6]4.2 Conductive silver paint

Ceitain types of commercially available, high-conductiyity silver paints, either air-drying or lpw-
temperature-baking varieties, are sufficiently poroys to permit diffusion of moisture thropgh
them and thereby allow the test specimens to be conditioned after application of the conducfive
means. This is a particularly useful feature in studying resistance-humidity effect as well as
changes with temperature. However, before conductive paint is used as a conductive meang, it
shquld be established that the paint solvent’does not affect the electrical properties of [the
spegcimen. Reasonably smooth edges for use with guard electrodes can be obtained with a
fing-bristle brush. However, for use withcircular electrodes, sharper edges can be obtained by
the|use of a compass for drawing thegutline circles of the electrodes and filling in the encloped
areps by brush. Clamp-on masks«€an be used if the conductive paint is sprayed on. 38

5.6{4.3 Colloidal graphite

Coljoidal graphite dispérséed in water or other suitable medium, can be used under the sgme
conditions as given fog‘conductive silver paint. 39

5.6/4.4 Conducting rubber

Conducting\tubber can be used as conductive means. It has the advantage that it can be applied
and remoxed from the specimen quickly and easily. Since the conductive means are applied

only during the time of measurement, they do not interfere with the conditioning of the specinen.
Tharasistance of the rubber electrode shall he less than 1 000 Q

The conducting rubber material shall be soft enough to ensure that effective contact to the
specimen is obtained when a reasonable pressure, for example 2 kPa (0,2 N/cm?2), is applied.
Shore A hardness according to ISO 48-4 in the range of 65 to 85 has been found suitable.

NOTE The results of resistivity measurements obtained with the application of electrodes made of conducting rubber
are always higher (few tens to few hundreds per cent) in comparison to that obtained for metallic electrodes. 40

5.6.5 Conditioning and pre-treatment of test specimen

Conditioning and any other pre-treatment of the test specimen shall be carried out according to
the relevant product standard.



It is clarified that the machining of test specimen is possible. As per other specimen preparation conditions, it is important to ensure that the specimen to be tested is representative of the material to be used on final application.

The clause is changed to differentiate between the electro arrangements (described in Subclause 5.3.4) and the application methodologies for the different conductive means (described in this subclause).

Editorial clarification.

Editorial clarification.

Editorial clarification.

Editorial clarification.

Added reference to the new Annex B that contains the results of the round robin test.

New subclause describing the characteristics and application methodology of the silver paint.

New subclause describing the characteristics and application methodology for colloidal graphite. This conductive means works similarly to the silver paint.

New subclause describing the characteristics and application methodology for conducting rubber.
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If no product standard exists, conditioning shall be realized for at least four days at 23 °C and
50 % RH in accordance with IEC 60212 (standard climate B).

If not otherwise-stipulated specified by the relevant product standard 41, no cleaning of the test
specimen shall be done. Any additional contamination shall be avoided.

5.7 Test procedure

Unless otherwise-agreed specified 42, the measurement shall be conducted in normal air at
23 °C and 50 % RH in accordance with IEC 60212 (standard climate B).

Theg specimen shall be conditioned and pre-treated in accordance with 5.6.5. Immediately ther
theltreatment, the electrodes shall be connected with the measuring device.

Subsequently, but no more than 2 min after finishing the conditioning or pre=treatment, |the
surface resistance Rg shall be determined between the electrodes. If not otherwise-stipuidted

specified 43, it shall be measured 1 min after voltage application.

NOTE Experience from the application of this test evidenced that, for material .-design and research purposes,
readhing the stabilization of the current before measuring the surface resistance @yovides better results. 44

6 |Evaluation Calculation of surface resistivity 45

6.1 For electrode arrangements A, B, D and E

4%
]
5

Thg measured value Rg for the respective surface4gsistances Rgp, Rgg, Rgp and Rgg betw
eleg¢trodes 1 and 2 shall be specified in Q.

Forlelectrode arrangements A, B, D and E,surface resistivity o can be calculated in Q accorg
to Equation (1) from the measured resistance Rq and electrode dimensions.

ng

It ig also possible to calculate surface resistivity even with dimensions deviating from thpse
deflned in 5.3.4, 5.3.4.3, 5.3.4.5 and 5.3.4.6.

oy =—Rgy 1
2 (1)

where

/ is the*length of the line electrodes, expressed in mm; 46

g is the distance between the lines (gap), expressed in mm; 47

Y Feading corresponds to the electrode arrangements 48 A, B, D, or E.

As the individual surfaces—resistances resistivities 49 are dependent on the electrode
arrangement used and are therefore not comparable with each other, when reporting the
measurement results, the type of electrode arrangement shall be specified together with the

measured value-to-permit-a-statement. 50

6.2 For electrode arrangement C

The surface resistance Rgc between electrodes 1 and 2 with earthed electrode 3 shall be
specified in Q.


Editorial clarification.

Editorial clarification.

Editorial clarification.

Although reaching stabilization of the current can in certain cases provide more accurate measurement results, it requires more than 2 minutes to be achieved. Since this time exceeds the provided time requirement of 2 minutes, for measuring the surface resistance, to avoid possible variation of test results due to environment influence on conditioned or pre-treated specimen, it is decided to include this information into a note.

Clause title is changed to clarify that it described the calculation methodologies for the surface resistance measured by the different electrode arrangements.

Editorial clarification.

Editorial clarification.

Editorial clarification.

The reference is corrected from “surface resistance” to “surface resistivity”.

Editorial clarifications.
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The surface resistivity o can be calculated in Q according to Equation (2) from the measured
resistance Rg and electrode dimensions (see Figure 3).

where

d, | 1s the outer diameter of the inner electrode, expressed in mm; 51

d, | is the inner diameter of the ring electrode, expressed in mm. 52

7 |Testreport

Thg report shall include the following:

¢ |electrode arrangement and electrode dimensions;

e [complete identification and description of the material testedincluding the source and|the
manufacturer’s code;

¢ [shape and thickness of the test specimen;
e [test voltage and duration of the voltage application; 5@
e |description of the conductive material used, test §éf*up and instrument used for the test| 54

e [accuracy of the instrument and calibration method, depending on the measured value$ of
resistance, if necessary;

e [curing conditions of the material and any.pre-treatment;

e [conditioning of the samples and-climatic ambient 585 conditions under test;
o Jdescription of test set-up-and-instrument used for the test; 56

e [number of samples;

o |date of test;

e Jeach single value and.the median of surface resistance and surface resistivity, respectively;
+—ambient-conditiopgduring-testing; 87

¢ Jany other important observation if applicable.
8 |Repeatability and reproducibility

Measurements of surface resistance and surface resistivity are dependent on numerpus
aspects. Experiences have shown that the reproducibility is in _the range of > 50 % (of |the
measured value).

The repeatability is between 20 % and 50 %.

Annex B contains the results of the comparative verification study on surface resistivities using
different electrode arrangements. 58


Editorial clarification.

Editorial clarification.

For comparison purposes between tests on different samples of the same type of test specimen, it is requested to report also the duration of the voltage application.

For comparison purposes between tests on different samples of the same type of test specimen, it is requested to report also the type of conductive means that has been used for test.

Editorial clarification.

This bullet item is replaced by new fifth bullet item.

This bullet item is deleted since it is a duplication of the eight bullet item.

It is clarified that Annex B contain the results of the round robin test results.
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Annex A
(informative)

Specimen dimensions and electrode arrangements
Specimen dimensions and electrode arrangements are given in Table A.1.

For materials which are not available in flat sheets, the electrode arrangement should be agreed
between the supplier and customer.

Table A.1 — Recommended test specimen dimensions and
electrode arrangements for specific products

Type of product Recommended Remarks Recommended
electrode dimensions of tesf
arrangement specimen
Thermoplastic moulding E,C See ISO 10350-1 %60 mm x > 60 mm
compounds
Thermosetting moulding A E,C See ISO 14526 series, > 60 mm x > 60 mm
compounds ISO 14527 series, 1ISO 14528

v

series, 1SO 14529 serjes, 100 mm x > 100 mm

ISO 14530 series, }S0O 15252

series
Lopg fibre, reinforced A C See EN 14598series, 2100 mm x > 100 mm
polyester resin 59 and ISO 10350£2
vinyl ester resin 60
mqulding compounds
(SMC BMC)
Eppxy based sheets and A C See IEC 60893-2
lampinates
Piges, bars and rods B, D See IEC 61212-2, IEC 62011-2

Elgstomeric materials B, C



Editorial clarification.

Editorial clarification.
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B.1

Annex B 61
(informative)

Comparative verification study on surface resistivities using different

electrode arrangements (type C and type E)

General

An

res
(he
with

Sin
lab
rep

Ne

B.Z

B.2[

Fol

B.2

Sp4

'nfnr-lnhnrnfnry trial has been pnrfnrmnd to confirm the nyicfing variations. for the surf.

stivity test results on the same materials, in which replicated batches of two mater
reunder referred as material A and material B) were tested at four laboratories in ac a
this part of IEC 62321.

$e
Ce this preliminary inter-laboratory trial did not fully satisfy the conditions foyﬁ@]{nternatic
bratory ftrial in ISO 5725-2 due to an insufficient number of participatifg laborator
batability and reproducibility were not obtained in accordance with IS@DB 25-2.
/7

ertheless, some analysis on the test data was conducted as folng}B.

©
Inter-laboratory trial conditions <</C)
;\\
O

1 General Q

r laboratories participated in the inter-laboratoQ al.

N
.2 Test specimens 5\0
%]
cimens A and B characteristics aref&%\ribed in Table B.1.

Table B.1 @gt specimens characteristics

ce
ials
nce

nal
es,

Q)
N Specimen A Specimen B
C\b pecimen pecimen
Material ‘\ Polyamide 66 (PA66) Polybutylene terephthalate (PBT)
~r
Filled/Unfilled “’, Unfilled Unfilled
A
Water conte S 1,80 % 0,15 %
(according to I@)15512)
s\.
Di@ons Square test plaques Square test plaques
N 100 mm x 100 mm x 2 mm 100 mm x 100 mm x 2 mm
er of specimens 10 x each test condition 10 x each test condition

&

B.2

3 Electrode types, conductive materials and test voltage

The following electrode types were used for the inter-laboratory ftrial:

electrode arrangement C — Annular electrodes (according to 5.3.4.4);

electrode arrangement E — Line electrodes for small plates (according to 5.3.4.6).

The conductive materials between the electrodes and the test specimen were:

conductive silver paint (according to 5.6.4.2);

conductive rubber (according to 5.6.4.4).



The new Annex B includes the results of round robin test and the related analysis.
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Either of the conductive materials was applied on both surfaces of the test specimens to
guarded electrodes and measuring electrodes respectively.

Test voltage: 500 V DC.

B.2.4 Test conditions

The applied test conditions by the specific participants are summarized in the following
Table B.2. The surface resistivity equations for the different electrodes are represented in

Figure B.1.

Table B.2 — Test conditions per specific participant
Conditions Laboratory 1 Laboratory 2 Laboratory 3 lcaboratory
c xa xa xa
Hlectrode 7% (dy +d,)d, _ d,) (34,50) (18,84) (34,50)
arfangement
type E NG NG
(I/g) (10) (10)
Conductive Silver paint xa xa xa
|nateria| Rubber xa Xa
TeLt voltage Requested 500 V 500 500 500 500
(V DC)
@ | Condition applied by the specific laboratory.
1= dy D-ua
7 .
d= d2 3 }I’
B »
Gap T 7 >
distance — D+4d
X HI Developed |~ 5
- N n(D + d)
. 5 =Rs X T-=Rs X—p5=g—=Rs X——
2
IEC
Figure B.1 — Surface resistivity equations for the used electrodes
B.3 Suammary of the test results
The
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Table B.3 — Summary of the test results

Material Polybutylene terephthalate (PBT) Polyamide 66 (PA66)
Electrode arrangement C C E C C E
Conductive means Rubber Silver Silver Rubber Silver Silver
Test voltage (V DC) 500 500 500 500 500 500
Laboratories 2, 42 2,3, 48 1,2 2,4 2,3, 4 1,2
Total specimens 20 30 20 20 30 20
Sramd-meamrtgh e G o EEa=man e Era=man s 1,45\* 15
Reproducibility (sg)b 1,3E+16 2,2E+16 2,0E+16 5,0E+14 6,5E+13 @ 5
Extended standard 2,1E+16 1,3E+16 1,2E+16 4,9E+14 3,7E+1 \-3,,‘3E+ 4
déviation (Std Dev r)® 0.
Repeatability (S,)° 5,8E+16 3,7E+16 | 3,2E+16 | 1,4E+15 1;%)2 1,2E+)5
O
Répeatability % (% S.) 170 107 172 90 Y 31 85

7
@ |Laboratory 4 reported that 7 out of 10 specimens showed results out of the meés\uring range (actual valyes

were therefore higher). b
Qv

The reported data are provided as scientific notation. See B.5.1.

>
&

B. Inter-laboratory trial outcomes and sug%sQons for IEC 62631-3-2

Thd outcomes of this inter-laboratory trial provid&Q/idence that:

a) [the electrode arrangement type C (annu
use of silver paint or conductive

reproducibility of results;

a) [the different gap distances in th%
ompared to the results of th
ype C gap distance for labo

e

D

er),

Glectrode arrangement type C did not affect the resplts
ctrode arrangement type E (the electrode arrangement
ry 3 is different from those of laboratories 2 and 4);

variations of conductive materials (use oIl no
significantly affect the repeatability

and

b) [the current results show’\tga the electrode arrangement type C in combination with si|ver
paint has slightly betterGgpeatability and reproducibility than the electrode arrangement type

E, although more d%f(é.shall be collected to confirm these results and the related precigion

f data.

.

Acdording to tf@g&ve findings, the following technical modifications have been introducef in

thig second g

c) [fora e of electrode arrangement, conductive material shall be applied on the specimen
in contact with the measuring electrodes and guarding electrodes;

urf

n of IEC 62631-3-2:

d) T&r paint is the preferred conductive material;

e) description of the conductive rubber characteristics has been added.

In order to properly evaluate data precision and address possible results variation factors
between the different electrode types, IEC TC 112 will consider the possibility to perform an
additional inter-laboratory trial.

B.5

B.5.1 General

Detailed inter-laboratory results

The detailed analysis of the collected data from the inter-laboratory trial is provided in Table B.4

to Table B.13.
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In Table B.4 to Table B.13 the reported data for surface resistance, surface resistivity and some
statistical data are provided as scientific notation defined as per the following example:
EXAMPLE 1E+15 is equivalent to 1 - 10'® and to 1 000 000 000 000 000.

where

1 = coefficient

E =10 to the power of

15 = exponent

B.5\.2 Laboratories results by different groups of electrode types and conduc@X
materials for the different test specimens C)
Table B.4 — Polybutylene terephthalate (PBT) test specimen resu&ib
Electrode type C with conductive rubber (1/
Laboratory Laboratory 2 Lab’g{a%ry 4
7
Test date 2020/02/18 0\'}020/07/28
=4
Flectrode type Annular C1 34.56 Ann’g ) 1 ‘ 34.56
v
Cdnductive means Conductive elastomer C. Conductive rubber
Testing voltage 500V DC Q/\J 500V DC
\\
Specimen Surface resistance Surface resistivity &urface resistance Surface resistivity
PBT Rgc o <( Rgc® o@
b Q/square b Q/square °
0 @ . :
1 1,30E+14 4,56@3‘15 1,60E+15 5,53E+16
2 1,60E+15 \@\%E+16 6,30E+16 2,18E+15
X
3 3,10E+14 $ 1,10E+16 5,00E+14 1,73E+16
4 1,60E+15 ‘*{Z’ 5,50E+16 1,60E+15 5,563E+16
5 1,60E+15 \O 5,50E+16 1,60E+15 5,563E+16
6 6,40E+d\)4~~ 2,20E+16 1,60E+15 5,53E+16
‘\\
7 1,@14 5,90E+15 1,60E+15 5,53E+16
8 ¥,40E+14 8,30E+15 1,60E+15 5,53E+16
“\‘
9 L " 4,80E+14 1,70E+16 6,70E+14 2,32E+16
10 \‘J 5,50E+14 1,90E+16 1,60E+15 5,53E+16
AN
MedianQ. 5,20E+14 1,80E+16 1,60E+15 5,53E+16
-— ad
St mdardﬁd’ation 5,90E+14 2,00E+16 5,63E+14 5,53E+16
N
G4 oygﬁj&:al mean 5,10E+14 1,80E+16 9,45E+14 3,26E+16
Mulation 10 10
Degree of freedom 9 9
Confidence 95 %P 1,25E+16 3,43E+16
Weighted 1,60E+18 4,50E+18
variance®
Extended weighted variance® 6.10E+18
Annular with
Total degree of freedom conductive rubber 18
Pooled standard deviation® 6,00E+08
@ The data in red represent measurements that exceeded the instrument measuring range.
The reported data are provided as scientific notation. See B.5.1.



https://iecnorm.com/api/?name=d943a4f8a94fb95625c2d0541ef022af

IEC 62631-3-2:2023 CMV © IEC 2023

— 25—

Table B.5 — Polyamide 66 (PA66) test specimen results —
Electrode type C with conductive rubber

Laboratory Laboratory 2 Laboratory 4
Test date 2020/02/18 2020/07/28
Electrode type Annular C1 34.56 Annular C1 34.56
Conductive means Conductive elastomer Conductive rubber
Testing voltage 500V DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PAG66 Rge g Rsc o
oa Q/square 2 Qa Q/square*?
1 5,97E+13 2,06E+15 7,70E+13 2,66E+15
2 2,58E+13 8,92E+14 6,55E+13 2,26E+15
3 3,01E+13 1,04E+15 5,62E+13 1,91E+15
4 2,82E+13 9,75E+14 7,12E+13 2,46E+15
5 3,06E+13 1,06E+15 6,07E+13 2,10E+15
6 3,37E+13 1,16E+15 3,86E+13 1,33E+15
7 2,95E+13 1,02E+15 4,35E+13 1,50E+15
8 2,95E+13 1,02E+15 2,91E+13 1,01E+15
9 3,12E+13 1,08E+15 6,84E+13 2,36E+15
10 3,61E+13 1,25E+15 3,01E+13 1,04E+15
Median 3,00E+13 1,10E€45 5,80E+13 2,00E+15
Standard deviation 9,20E+12 3,20E¥14 1,66E+13 2,00E+15
G¢ometrical mean 3,30E+13 IMOE+15 5,11E+13 1,77E+15
Population 10 10
Ddgree of freedom 9 9
Confidence 95 %? 3SO5E+14 1,24E+15
Weighted 2,60E+16 1,60E+17
variance?
Extendedwéighted variance? 1,90E+17
Totalldegree of freedom co:dnuncutli?/; ‘:'vlijtt:]ber 18
Roodled standard deviation? 1,00E+08
@ | The reportéddata are provided as scientific notation. See B.5.1.
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Table B.6 — Polybutylene terephthalate (PBT) test specimen results —
Electrode type C with conductive silver paint

Laboratory Laboratory 2 Laboratory 4 Laboratory 3
Test date 2020/02/18 2020/07/28 2020/02/26
Electrode type Annular C1 34.56 Annular C1 34.56 Annular 18.84
Conductive Conductive silver paint Conductive silver paint Conductive silver paint
means
Testing voltage 500V DC 500V DC 500V DC
Specimen Surface Surface Surface Surface Surface Surfacel
PBT resistance resistivity resistance resistivity resistance resigtivity
Rsc g Rgc ® o° Rsc 9
Qb Q/square ° Qb Q/square ° Qb 0N/square|®
1 1,60E+15 5,50E+16 4,70E+14 1,62E+16 4,66E+14 8,78E+1p
2 1,60E+15 5,560E+16 1,52E+15 5,25E+16 4,95E414 9,33E+1p
3 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,.90E+14 9,23E+1p
4 6,10E+14 2,10E+16 1,54E+15 5,32E+16 4,76E+14 8,97E+1p
5 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,85E+14 9,14E+1p
6 1,60E+15 5,50E+16 1,60E+15 5,58E+46 4,46E+14 8,40E+1p
7 1,60E+15 5,50E+16 1,60E+15 553E+16 4,95E+14 9,33E+1p
8 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,81E+14 9,06E+1p
9 1,60E+15 5,50E+16 1,60E+45 5,53E+16 5,00E+14 9,42E+1p
10 1,10E+15 3,60E+16 1,60BM5 5,53E+16 5,00E+14 9,42E+1p
Median 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,88E+14 9,19E+1p
Standard 3,20E+14 1,10E+16 5,49E+14 1,90E+16 1,62E+13 3,06E+14
deviation
Geometrical 1,40E+15 4,80EH/N\3 7,03E+14 2,43E+16 4,83E+14 9,10E+1p
mean
Population 10 10 10
Degree of 9 9 9
freedom
Confidence 6,89E+15 1,18E+16 1,90E+14
95 %P
Weighted 9,00E+17 1,50E+18 2,50E+16
variance®
Extended weighted variance® Annular 2,50E+1$
Total degree of freedom with . 27
conductive
Pooled standard deviation® silver paint 3,00E+0$

@ The data in red represent measurements that exceeded the instrument measuring range.

b The reported data are provided as scientific notation. See B.5.1.
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Table B.7 — Polyamide 66 (PA66) test specimen results —
Electrode type C with conductive silver paint

Laboratory Laboratory 2 Laboratory 4 Laboratory 3
Test date 2020/02/18 2020/07/28 2020/02/26
Electrode type Annular C1 34.56 Annular C1 34.56 Annular 18.84
Conductive Conductive silver paint Conductive silver paint Conductive silver paint
means
Testing voltage 500V DC 500V DC 500V DC
Specimen Surface Surface Surface Surface Surface Surfacel
PAG6 resistance resistivity resistance resistivity resistance re@&t,/
Rse g Rse g Rsc C)
Qe Q/square ® Qa Q/square ® Qa (-Q)')/square @
25 V4
1 1,04E+13 3,59E+14 7,69E+12 2,66E+14 1,59E+1(3">) 2,99E+14
2 1,10E+13 3,80E+14 1,02E+13 3,51E+14 16&%% 3,16E+14
3 9,64E+12 3,33E+14 5,31E+12 1,84E+14 ;\?6é+13 3,32E+14
©
4 1,19E+13 4,11E+14 6,83E+12 2,36E+14n<'obl,91E+13 3,59E+14
5 1,09E+13 3,77TE+14 5,71E+12 1,97E+1%l" 1,86E+13 3,51E+14
6 1,13E+13 3,91E+14 6,52E+12 2,2,(’?/&(6’4 2,01E+13 3,78E+14
7 1,05E+13 3,63E+14 8,10E+12 9\30\€+14 1,91E+13 3,59E+14
8 1,07E+13 3,70E+14 7,18E+12 (), 9,48E+14 2,16E+13 4,07E+14
9 9,86E+12 3,41E+14 8.01E+29\)|  2.7E+14 2,13E+13 4,01E+1}
10 1,17E+13 4,04E+14 7,93@@1} 2,74E+14 1,91E+13 3,60E+14
NJ
Median 1,10E+13 3,70E+14 (77}SE+12 2,57TE+14 1,91E+13 3,59E+14
N
Standard 6,90E+11 2,40E+13  RGY,31E+13 4,53E+13 1,73E+12 3,25E+1p
deviation $
)
Geometrical 1,10E+13 3,70Ei@ 2,50E+14 2,50E+14 1,88E+13 3,55E+14
mean
e
. N~
Population 10 N~ 10 10
- k)‘
Degree of N 9 9
freedom C)
Confidence 1,48E+13 2,81E+13 2,02E+13
95 %? O
Weighted U 1,90E+15 3,70E+15 2,60E+15
. a N
variance® &
\O: Extended weighted variance? Annular 8,24E+1p
with
C/ S ) Total degree of freedom c_onducti_ve 27
\Q/ Pooled standard deviation? silver paint 2,00E+0}

a

The reported data are provided as scientific notation. See B.5.1.
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Table B.8 — Polybutylene terephthalate (PBT results) test specimen results —
Electrode type E with conductive silver paint

Laboratory Laboratory 2 Laboratory 1
Test date 2020/02/18 2020/06/12
Electrode type Lines E 10 Lines E 10
Conductive means Conductive silver paint Conductive silver paint
Testing voltage 500V DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PBT Rgc o Rgc o
Qa Q/square 2@ Qa Q/soci%
1 3,10E+14 3,10E+15 1,30E+15 ({?g)EHG
2 2,80E+14 2,80E+15 4,00E+15 A% 00E+16
id V’
3 4,70E+14 4,70E+15 1,90E+15 f], 1,90E+16
©
4 3,10E+14 3,10E+15 4,70E+15 ,\,D 4,70E+16
-
5 5,30E+14 5,30E+15 2,1OE-G$) 2,10E+16
7
6 5,10E+14 5,10E+15 3,3Q%L45 3,30E+16
7 4,90E+14 4,90E+15  6.00E+15 5,00E+16
8 5,20E+14 5,20E+15 k\‘</:3,60E+15 3,60E+16
9 4,60E+14 4,60E+15 $ O 6,10E+15 6,10E+16
\Y
10 4,50E+14 4,50E+15<2Q 1,30E+15 1,30E+16
Median 4,70E+14 4,70E&\5 3,40E+15 3,40E+16
Standard deviation 9,10E+13 9,’], 14 1,60E+15 1,60E+16
Gg¢ometrical mean 4,20E+14 W)E+15 2,90E+15 2,90E+16
Population 1%3@ 10
Ddgree of freedom &‘ 9
Cénfidence 95 %? ' x552E+14 9,68E+15
Weighted \\C}~ 7,30E+16 1,30E+18
variance?
Extende ’éi hted variance? 1,3E+18
(\N 9 Lines with
egree of freedom conductive silver 18
\_{ paint
‘Rodled standard deviation? 3,00E+08
‘§~
2 |The repo;l.@'data are provided as scientific notation. See B.5.1.
>
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Table B.9 — Polyamide 66 (PA66) test specimen results —
Electrode type E with conductive silver paint

Laboratory Laboratory 2 Laboratory 1
Test date 2020/02/18 2020/06/12
Electrode type Lines E 10 Lines E 10
Conductive means Conductive silver paint Conductive silver paint
Testing voltage 500V DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PAG66 Rge g Rsc o
Qa Q/square 2@ Qa Q/soci%
1 5,20E+13 5,21E+14 2,49E+14 ({?@E+15
2 5,568E+13 5,568E+14 2,48E+14 qQZ48E+15
id V’
3 6,09E+13 6,09E+14 1,45E+14 1, 1.45e+15
©
4 5,63E+13 5,63E+14 2,78E+14 ,\,D 2,78E+15
-
5 5,96E+13 5,96E+14 3,18E-Gglb 3,18E+15
7
6 7,16E+13 7,16E+14 1,@%%4 1,39E+15
7 9,09E+13 9,09E+14 , Q.92E+14 1,92E+15
8 4,89E+13 4,89E+14 k\%,06E+14 2,06E+15
9 4,09E+13 4,09E+14 ) 1,96E+14 1,96E+15
10 4,66E+13 4,66E+1% > 2,82E+14 2,82E+15
. )Y
Median 5,60E+13 5,60E&1{1 2,30E+14 2,30E+15
Standard deviation 1,40E+13 1,’4_'; 14 5,70E+13 5,70E+14
G¢ometrical mean 5,70E+13 ,&\,\%E+14 2,20E+14 2,20E+15
Population 1%3@ 10
Ddgree of freedom &‘ 9
Cénfidence 95 %3 xBh7E+13 3,50E+14
Weighted - " 1,10E+16 4,60E+16
lance® N
variance
Extendewéighted variance? . . 5,70E+16
— Lines with
';p@}egree of freedom conductive silver 18
\_{ paint
&o.o ed standard deviation? 6,00E+07
‘§~
a8 | The repo;l.@'data are provided as scientific notation. See B.5.1.
>
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B.5.3 Laboratory 2 results comparing different electrode types and conductive
materials
Table B.10 — Laboratory 2 results — Polybutylene terephthalate (PBT) -
Different electrodes and conductive materials
Laboratory Laboratory 2 Laboratory 2 Laboratory 2
Test date 2020/02/18 2020/02/18 2020/02/18
Electrode type Annular C1 34.56 Annular C1 34.56 Lines E 10
Conductive Conductive elastomer Conductive silver paint Conductive silver paint
means
Tepting voltage 500 V DC 500 V DC 500 V DC
Specimen Surface Surface Surface Surface Surface Strface
PBT resistance resistivity resistance resistivity resistance resistivity
Rsc o Rsc o Rsc o
oa Q/square @ Qe Q/square @ Q2 Q/square|?
1 1,30E+14 4,50E+15 1,60E+15 5,50E+16 8,10E+14 3,10E+1p
2 1,60E+15 5,50E+16 1,60E+15 5,50E+16 2,80E+14 2,80E+1p
3 3,10E+14 1,10E+16 1,60E+16 5,50E+1§ 4,70E+14 4, 70E+1p
4 1,60E+15 5,50E+16 6,10E+14 2,10E+16 3,10E+14 3,10E+1p
5 1,60E+15 5,50E+16 1,60E+15 8,50E+16 5,30E+14 5,30E+1p
6 6,40E+14 2,20E+16 1,60E+15 5,50E+16 5,10E+14 5,10E+1p
7 1,70E+14 5,90E+15 1,60E+1% 5,50E+16 4,90E+14 4,90E+1p
8 2,40E+14 8,30E+15 1,60E#15 5,50E+16 5,20E+14 5,20E+1p
9 4,80E+14 1,70E+16 4,60E+15 5,50E+16 4,60E+14 4,60E+1b
10 5,50E+14 1,90E+16 1,10E+15 3,60E+16 4,50E+14 4,50E+1b
Median 5,20E+14 1,80E+16 1,60E+15 5,50E+16 4,70E+14 4,70E+1p
Standard 9,20E+14 2,00E+16 3,20E+14 1,10E+16 9,10E+13 9,10E+14
deviation
Geometrical 5,10E+14 +,80E+16 1,40E+15 4,80E+16 4,20E+14 4,20E+1p
mean
Population 10 10 10
Degree of 9 9 9
freedom
Confidence 1,25E+16 6,89E+15 5,62E+14
95 %?
Weighted 1,60E+18 9,00E+17 7,30E+16
variance?
a8 | TheAfeported data are provided as scientific notation. See B.5.1.
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Table B.11 — Laboratory 2 results — Polyamide 66 (PA66) —
Different electrodes and conductive materials

Laboratory Laboratory 2 Laboratory 2 Laboratory 2
Test date 2020/02/18 2020/02/18 2020/02/18
Electrode type Annular C1 34.56 Annular C1 34.56 Lines E 10

Conductive

Conductive elastomer

Conductive silver paint

Conductive silver paint

means
Testing voltage 500V DC 500V DC 500V DC
Specimen Surface Surface Surface Surface Surface Surfacel
PAG6 resistance resistivity resistance resistivity resistance resigtivity
Rgc o Rgc o Rgc o}
Qe Q/square ® Qa Q/square ® Qa 0/square]|®
1 5,97E+13 2,06E+15 1,04E+13 3,59E+14 5,21E+13 521E+14
2 2,58E+13 8,92E+14 1,10E+13 3,80E+14 5,58E443 5,68E+14t
3 3,01E+13 1,04E+15 9,64E+12 3,33E+14 6,09E+13 6,09E+1{
4 2,82E+13 9,75E+14 1,19E+13 4,11E+14 5,63E+13 5,63E+14
5 3,06E+13 1,06E+15 1,09E+13 3,77E+1§ 5,96E+13 5,96E+14
6 3,37E+13 1,16E+15 1,13E+13 3,91B+14 7,16E+13 7,16E+14
7 2,95E+13 1,02E+15 1,05E+13 8,63E+14 9,09E+13 9,09E+14
8 2,95E+13 1,02E+15 1,07E+13 3,70E+14 4,89E+13 4,89E+14
9 3,12E+13 1,08E+15 9,86E+42 3,41E+14 4,09E+13 4,09E+14
10 3,61E+13 1,25E+15 1,17EX13 4,04E+14 4,66E+13 4, 66E+14
Median 3,00E+13 1,10E+15 1,10E+13 3,70E+14 5,60E+13 5,60E+14
Standard 9,20E+12 3,20E+14 6,90E+11 2,40E+13 1,40E+13 1,40E+14
deviation
Geometrical 3,30E+13 1,10E44S 1,10E+13 3,70E+14 5,70E+13 5,70E+1¢
mean
Population 10 10 10
Degree of ) 9 9
freedom
Confidence 1,95E+14 1,48E+13 8,37E+13
95 %?
Weighted 2,60E+16 1,90E+15 1,10E+16
variance?
2 | The repoftéd data are provided as scientific notation. See B.5.1.
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Laboratory 3 results — Electrode type C with and without use of conductive

Table B.12 — Laboratory 3 results — Polybutylene terephthalate (PBT) —
Electrode type C with and without conductive silver paint

Laboratory

Laboratory 3

Laboratory 3

Test date

2020/02/12

2020/02/26

Electrode type

Annular

18.84

Annular

18.84

Conductive means No conductive means Conductive silver paint
Testing voltage 500V DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surfaceresistivi
PBT Rgc o Rgc o

Qe Q/square @ Qa O/square @

1 3,10E+15 5,84E+16 4,66E+14 8,78E+15

2 6,60E+14 1,24E+16 4,95E+14 9,3E+15

3 1,10E+15 2,07E+16 4,90E+714 9,24E+15

4 7,90E+14 1,49E+16 4,7T6E%¥14 8,97E+15

5 5,00E+15 9,42E+16 4,85E+14 9,14E+15

6 1,50E+14 2,83E+15 4,46E+14 8,41E+15

7 3,47TE+14 6,54E+15 4,95E+14 9,33E+15

8 1,40E+15 2,64E+16 4 ,81E+14 9,07E+15

9 1,10E+15 2,07Ex16 5,00E+14 9,42E+15

10 2,64E+14 4,98E+15 5,00E+14 9,42E+15

11 4,00E+14 ,54E+15 4,81E+14 9,07E+15

12 4,10E+14 7,67TE+15 4,24E+14 7,99E+15

13 1,70E+15 3,20E+16 4,87E+14 9,18E+15

14 2,00E+15 3,77E+16 4,85E+14 9,14E+15

15 2,50E414 4,69E+15 4,50E+14 8,65E+15

16 3,30E+15 6,22E+16 5,40E+14 1,02E+16

17 1,40E+15 2,64E+16 4,95E+14 9,33E+15

18 9,60E+14 1,81E+16 4,85E+14 9,14E+15

19 3,90E+14 7,26E+15 4,72E+14 8,90E+15

20 1,5E+14 2,79E+15 3,97E+14 7,48E+15
Median 8,80E+14 1,60E+16 4,90E+14 9,10E+15
Standard 1,20E+15 2,30E+16 4,90E+13 5,50E+14

| deviation®

Geometrical mean? 7,80E+14 1,50E+16 4,77TE+14 8,99E+15

2@  The reported data are provided as scientific notation. See B.5.1.
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Table B.13 — Laboratory 3 results — Polyamide 66 (PA66) —
Electrode type C with and without conductive silver paint

Laboratory

Laboratory 3

Laboratory 3

Test date

2020/02/12

2020/02/26

Electrode type

Annular

18.84

Annular

18.84

Conductive means

No conductive means

Conductive silver paint

Testing voltage

500 V DC

500 vV DC

Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PA66 Rge o Ry o
oa Q/square 2 Qa Q/square*?
1 3,91E+14 7,37TE+15 1,59E+13 2,99E+14
2 3,94E+14 7,43E+15 1,68E+13 3,16E+14
3 6,50E+14 1,23E+16 1,76E+13 3,32E+14
4 1,60E+15 3,02E+16 1,91E+13 3,59E+14
5 5,70E+14 1,07E+16 1,86E+13 3,51E+14
6 4,51E+14 8,50E+15 2,01E#13 3,78E+16
7 2,20E+15 4,15E+16 1,91E+13 3,59E+14
8 4,50E+15 8,48E+16 2,16E+13 4,07E+14
9 4,90E+14 9,24E+15 2,13E+13 4,01E+14
10 3,85E+14 7,26E+15 1,91E+13 3,60E+14
11 7,20E+14 1,36E€16 1,66E+13 3,12E+14
12 6,10E+14 1,15E¥16 1,78E+13 3,36E+14
13 1,30E+15 2Y45E+16 1,81E+13 3,41E+14
14 6,00E+15 1,13E+17 1,52E+13 2,87E+14
15 1,90E+15 3,58E+16 1,69E+13 3,19E+14
16 9,60E+14 1,81E+16 1,71E+13 3,23E+14
17 8,30E14 1,56E+16 1,88E+13 3,54E+14
18 8,60E+14 1,62E+16 1,89E+13 3,56E+14
19 7,60E+14 1,43E+16 1,88E+13 3,54E+14
20 1,09E+14 2,05E+15 1,87E+13 3,35E+14
Median 7,40E+14 1,40E+16 1,80E+13 3,50E+14
Standard 1,40E+15 2,70E+16 1,60E+12 3,00E+13
deviation?
Gelometrical mean? 8,40E+14 1,60E+16 1,62E+13 3,43E+14
a |Thp reported data are provided as scientific notation See B 5 1
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List of comments

Editorial clarification.
Editorial clarification.
Editorial clarification.
Reference source is added for the defined term.

It is clarified that the surface resistivity value may include the presence of heterogenei

ies

as well as the possible effects of polarization phenomena.
The definition is aligned to the definition in IEC 60050 reference 212-11-13.
Editorial clarification.

Sentence is deleted to avoid possible misinterpretations that monitoring the surf
resistance may allow the evaluation of the overall resistance variatjion due to exte
effects, which is not the intention of test method.

Sentence is moved to a note since no requirements are provided:
Sentence is editorially improved for easier understanding!

It is clarified that the provided voltage values are suggested, and are not a requirem
Different voltage values can be used by the Technical Committees referring to this
method.

It is clarified that voltage values specified by.the relevant product standards have prig
over the recommended 100 V by this clause:

It is clarified that product committees referring to the test method described in this Stand
have the responsibility to specify-which test voltage values shall be used to test
materials used in the products under their responsibility.

Considering the results of the”comparative verification study described in Annex B,
clarified that comparison,of test results can be done only between measuremsg
performed by the samg type of electrode arrangements and conductive means.

The text of third bullet item is aligned with the text of first and second bullet items.

ace
nal

bnt.
est

rity

ard
the

tis
nts

Note is added to inform about the results of the round robin test that are provided in new

Annex B.

The elécirode arrangements are grouped into a subclause for easier understanding of
test-method.

the

sed

Itis clarified that “electrode arrangements” is composed by the type of the electrode u

and the type of conductive means used. A general description of the testing process is also
added comprising two main steps: 1) the application of the conductive means to the test
specimen, and 2) the execution of the measurements after having brought the electrode in

contact with the conductive means applied to the test specimen.

To avoid possible different interpretation and therefore ensure consistency of res
between different tests, it is clarified that the sentence is a requirement.

ults

For better understanding, the description of the electrode arrangement is separated from

the description of the conductive means dimensions and application.

For a better understanding of the document, the description of different types of conductive

means and the related suggested application processes are moved to a new clause.

Editorial clarification.
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25
26
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29

30
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36
37
38

39

40

41
42
43
44

45

46
47
48
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Figure key is revised to correctly report all the abbreviations keys.

It is clarified that the provided electrode arrangement is an example.
Editorial clarification.

The new paragraph clarifies the conductive means application procedure.
Sentence is moved to a note since no requirements are provided.

The clause is simplified by separating the description of the electrode arrangement and the

docerin tion-ofthao conduativa mmaana annlinatian anth A

uvoun'uuull othRe-conRauetve-meahns TP PTCOtTroTT I TC Tt TOUT

The clause is simplified by separating the description of the electrode arrangement.and|the
description of the conductive means application method.

Editorial clarification.
It is clarified that the machining of test specimen is possible. As per‘other specimen
preparation conditions, it is important to ensure that the specimen to be testeq is

representative of the material to be used on final application.

The clause is changed to differentiate between the electro.'arrangements (described in
Subclause 5.3.4) and the application methodologies for the-different conductive mepns
(described in this subclause).

Editorial clarification.
Editorial clarification.
Editorial clarification.
Editorial clarification.
Added reference to the new Annex:Bthat contains the results of the round robin test.

New subclause describing the,characteristics and application methodology of the silver
paint.

New subclause describing the characteristics and application methodology for collojdal
graphite. This conductive means works similarly to the silver paint.

New subclause(déscribing the characteristics and application methodology for conduc
rubber.

ng

Editorial<larification.
Editorial clarification.

Editorial clarification.

Although reaching stabilization of the current can in certain cases provide more accurate
measurement results, it requires more than 2 minutes to be achieved. Since this time
exceeds the provided time requirement of 2 minutes, for measuring the surface resistance,
to avoid possible variation of test results due to environment influence on conditioned or
pre-treated specimen, it is decided to include this information into a note.

Clause title is changed to clarify that it described the calculation methodologies for the
surface resistance measured by the different electrode arrangements.

Editorial clarification.
Editorial clarification.

Editorial clarification.
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49
50
51
52
53

54

55
56
57
58
59
60
61
62
63
64

The reference is corrected from “surface resistance” to “surface resistivity”.

Editorial clarifications.

Editorial clarification.

Editorial clarification.

For comparison purposes between tests on different samples of the same type of test
specimen, it is requested to report also the duration of the voltage application.

Eor comnar con—nlirnacac bhaoatwoaon tocte on Adiffoarant comanlae ~Af tha oo v ~Ff est

specimen, it s requested o report also the type of conductive means that has been u
for test.

Editorial clarification.

This bullet item is replaced by new fifth bullet item.

This bullet item is deleted since it is a duplication of the eight bullet item.

It is clarified that Annex B contain the results of the round robinjtest results.

Editorial clarification.

Editorial clarification.

The new Annex B includes the results of round robin test and the related analysis.
Missing bibliographic reference is added.

Missing bibliographic reference is added.

Missing bibliographic reference is added.

sed
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIELECTRIC AND RESISTIVE PROPERTIES
OF SOLID INSULATING MATERIALS -

Part 3-2: Determination of resistive properties (DC methods) -

Surface resistanceand surface Tesistivity

FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati

o-operation on all questions concerning standardization in the electrical and electronic-fields. To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEQC Publication(s)”). T
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely withthe International Organizatio
tandardization (ISO) in accordance with conditions determined by agreemeént 'between the two organizatior]

he formal decisions or agreements of IEC on technical matters expressy.as nearly as possible, an internati
onsensus of opinion on the relevant subjects since each technicallecommittee has representation fron
interested IEC National Committees.

I[EC Publications have the form of recommendations for interhational use and are accepted by IEC Nati
ommittees in that sense. While all reasonable efforts aresmade to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible ‘for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ansparently to the maximum extent possible in theipnational and regional publications. Any divergence betw
ny IEC Publication and the corresponding natienahkor regional publication shall be clearly indicated in the I3

I[EC itself does not provide any attestation oficonformity. Independent certification bodies provide confor
ssessment services and, in some areas,(dccess to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent certification bodies.

Il users should ensure that they have\the latest edition of this publication.

o liability shall attach to IEC or~ifs directors, employees, servants or agents including individual experts
embers of its technical commiftees and IEC National Committees for any personal injury, property damag
ther damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\ the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn/to*the Normative references cited in this publication. Use of the referenced publicatior
indispensable for, the’correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use o
atent(s). /EC.takes no position concerning the evidence, validity or applicability of any claimed patent righ
espect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),

ay be required to implement this document. However, implementers are cautioned that this may not repre|
e/atest information, which may be obtained from the patent database available at https://patents.iec.ch.

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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hallnot be held responsible for identifying any or all such patent rights.

IEC 62631-3-2 has been prepared by IEC technical committee 112: Evaluation and qualification
of electrical insulating materials and systems. It is an International Standard.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

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

a) descriptions of the electrode arrangements have been clarified;

b) new descriptions of the conductive means have been added;
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c) a new informative Annex B summarizing the results of the comparative verification study on

surface resistivities using different electrode arrangements has been added.

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

Draft Report on voting

112/612/FDIS 112/619/RVD

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

the

la talal
dlJuUVvVT ldVUIT.

Theg language used for the development of this International Standard is English.

Thi
acc
at
des

Al
res

The
sta
spe

5 document was drafted in accordance with ISO/IEC Directives, Part 2, and, develope

vww.iec.ch/members_experts/refdocs. The main document types developed by IEC
cribed in greater detail at www.iec.ch/publications.

st of all parts in the IEC 62631 series, published under thergeneral title Dielectric
stive properties of solid insulating materials, can be found on\the IEC website.

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

reconfirmed,

withdrawn, or

revised.

i in

ordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availgble

are

and

the
the

th
of

At it contains colours whichare considered to be useful for the correct understandi
its contents. Users should therefore print this document using a colour printer.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
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DIELECTRIC AND RESISTIVE PROPERTIES
OF SOLID INSULATING MATERIALS -

Part 3-2: Determination of resistive properties (DC methods) -
Surface resistance and surface resistivity

Thi
and

2

The
con
For|
am

IEQ

instilating materials

IEG

Scope

5 part of IEC 62631 describes methods of test for the determination of surface fesista
surface resistivity of electrical insulation materials by applying DC voltage.

Normative references

following documents are referred to in the text in such a way that seme or all of their con
stitutes requirements of this document. For dated references, only the edition cited appl

undated references, the latest edition of the referenced “document (including
bndments) applies.

60212, Standard conditions for use prior to and during the testing of solid electn

62631-3-1, Dielectric and resistive properties: of solid insulating materials — Part

De

IEQ 62631-3-3, Dielectric and resistivelproperties of solid insulating materials — Part

De

For|

ISC
add

rmination of resistive properties (DC methods) — Volume resistance and volume resist
eneral method

rmination of resistive properties (DC methods) — Insulation resistance

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

and IEC maintain terminology databases for use in standardization at the follow
resses:

IEC Electhopedia: available at https://www.electropedia.org/

ISO(Online browsing platform: available at https://www.iso.org/obp

nce

ent
es.
any

jcal

B-1:
vity

B-3:

ng

3.1

electrode arrangement
electrical conductive bodies on the surface of a test specimen

Note 1 to entry: The arrangement of electrodes should include procedures to ascertain sufficient contact to
surface (e.g. by means of conducting paint) or the use of adequate mechanical system applying the necessary contact
force to the test specimen's surface or both.

the
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1

annular electrode

cen

tral circular planar electrode with a surrounding ring electrode separated by a gap

SEE: Figure 3.

Note 1 to entry: Guard electrode systems as described in IEC 62321-3-1 are of similar shape. In the case of surface
resistance, the ring electrode does not have the function of a guard; guard functionality, however, is provided by the
opposite electrode.

3.1.

2

lingetectrode
ele¢trode arrangement provided by two parallel lines, separated by a gap, applied to the
spelcimen's surface using a conductive material

SE[: Figure 2.

3.1J3
spring loaded electrode
lingl electrode system using two parallel lines of conducting spring tongues with sharp edg

Se

SE

3.2
me
rati
cur

Notd
the

Noteg
resi

Notd
scal
den
this
in it
phe

3.3
sun
Rg

me

Notd
surf

arated by a gap
E: Figure 1.

hsured resistance
b of a DC voltage applied to an electrode arrangement in contact with a test specimen to
ent between them measured with sufficient precision

1 to entry: A three-terminal electrode arrangement*can be used to exclude undesired volume currents
letermination of the measured resistance.

2 to entry: A Wheatstone bridge can also\b€ used to compare the measured resistance with a stan
tor. However, Wheatstone bridges are not,gommonly used anymore.

3 to entry: According to IEC 60050-121: Electromagnetism, "conductivity" (IEV 121-12-03) is defined as
Ar or tensor quantity, the product of which by the electric field strength in a medium is equal to the electric cu
ity" and "resistivity" (IEV 121-12-04) as "the inverse of the conductivity when this inverse exists". Measurg
way, the surface resistivity integrates different electrical conduction pathways at the surface of the materi
b nearby volume, with the possible presence of heterogeneities; it includes the effect of possible polariza
omena at the electrodes. Therefore, it is considered as an averaged value.

face resistance
hsured resSistance between any electrode arrangement defined in IEC 62361-3-2

1 to entry: Depending on the electrode arrangement used, it is designated as Rg,, Rgg, Rgc Rgp OF Rgp

est

es,

the

rom

Hard

"the
rent
din
bl or
tion

with

hcedresistance, Rq expressed in Q.

Note 2 to entry: An indeterminable part of the resistance inside the material is also included in surface resistance
during the measurement of this resistance.

3.4

Rsc

surface resistance between annular electrodes
measured resistance between the inner circular area of an annular electrode system and the
outer circular ring electrode

3.5

Rsp
surface resistance between line electrodes
measured resistance between line electrodes
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Rsg
surface resistance between line electrodes for small plates
measured resistance between line electrodes for small plates

3.7

Rsg
surface resistance between small line electrodes
measured resistance between small line electrodes

3.8
RsA
sur
me

3.9
sun
ols
sur

Notd

Notd
op a|

Notg
elec]

Notd
mat
the

4

Ins
sys
me
as

pro

Sur

Ins
acc

ace resistance between spring load electrodes
hsured resistance between spring loaded electrodes

face resistivity
juare
ace resistance reduced to a square

1 to entry: The numerical value of surface resistivity is independent of-the-size of the square.

2 to entry: Surface resistance Rg,, Rgg, Rgc, Rgp @and Ry referred to’a square, are expressed as o,, og
hd o respectively.

3 to entry: Surface resistivity is often expressed by the nGnjstandardized unit Q per square, to show tha
rode dimension has been taken into account by calculatifng the specific value.

4 to entry: The surface resistivity is often used toncompare one kind of surface characteristic of a saj
brial with those of other materials. It can be compared'for materials only if identical standardized dimensior
electrodes are used. Recommended dimensions\are’given in 5.3.

Significance

Ilating materials are used.in“general to electrically isolate components of an electr
tem from each other and from the earth. Solid insulating materials can also proy
Chanical support. For this,purpose, it is generally desirable to have the insulation resista
high as possible, consistent with acceptable mechanical, chemical and heat resista
berties.

face resistange.is, as volume resistance, a part of the insulating resistance.

Ilating resistance shall be determined according to IEC 62631-3-3 and volume resista
ording-fo IEC 62631-3-1.

O'C,

the

nple
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ical
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hce
nce

nce
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Sur

P2 roacictanaa qiinaliag tafa s ool racictaona~aag £ il
Ao T STIotancCoSuU TS mTmoTrT T atuT o e oot ear resStistantt s U e surTat T ouT TiTatoet

als

and products. Surface resistance, however, for its major part is not a materials' property.
Surface resistance depends mainly on processing parameters, environmental conditions,
surface ageing phenomena and pollution, etc.

NOTE Depending on the specific application, different electrode arrangements can be preferable.

5

5.1

Method of test

General

This general method describes common values for general measurements. If a method for a

spe

cific type of material is described in this document, the specific method shall be used.
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Different types of electrodes can be used, depending on the specific measurement or product
demands. For instance, on surfaces with a curved shape, a small line electrode can be
advantageous. Spring loaded electrodes provide measurements with low effort on products and
are optimal for materials which have to be conditioned before the test. If not already stipulated
by a product standard, the choice of the electrode arrangement shall be made considering the

typi

cal application.

If test specimens are made from materials (e.g. soft rubber) whose dimensions will change
significantly as a result of the force applied by the electrodes on them, these electrodes are not
applicable and an alternative arrangement shall be used.

If
rec

5.2

The

If n

Ted

NOT
air,

NOT
5.3
5.3

Car
res
cab

To

shig¢lded measuring cabinets/shall be used.

For|
arra
ele

NOT
sam

no information about the application is available, small line electrodes (Rgg)
bmmended.

Voltage
measuring voltage should preferably be 10 V, 100 V, 500 Vv, 1 000 V, 10,000 V.

bt otherwise specified by the relevant product standard, a voltageref 100 V shall be use

hnical committees shall specify the preferred test voltage when referring to this docume

E 1 Partial discharge can lead to erroneous measurements when_ a“specific inception voltage is exceede
below 340 V, no partial discharges will occur.

E 2 The ripple of the voltage source is important. A typicalvalue for 100 V is < 5 x 107° peak to peak.
Equipment
1 General

e should be taken that the surfacetresistance is not negatively influenced by paras
stances parallel to the electrode affangement, such as the resistance of test supports
le isolation.

brevent measuring errorsfof measured resistances higher than 1010 Q, shielded cables

the determination of surface resistance and surface resistivity, different electr
ngements can(bg used. The evaluation of surface resistivity is dependent on the seleq
ctrode arrangement.

E Comparison between measurement results can be done only between measurements performed using
E elegtrade arrangements and conductive means.

nt.

j. In

itic
or

and

bde
ted

the

5.3

2 Accuracy

Any suitable equipment can be used. The measuring device shall be capable of determining the
unknown resistance with an overall accuracy of at least

+10 % for resistances less than 1010 Q;
+20 % for resistances between 1010 Q and 104 Q; and

+50 % for resistances higher than 1014 Q.

NOTE The provided accuracies have been confirmed through the round robin test results reported in Annex B.
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5.3.3 Voltage source

023

A source of steady direct voltage is required. This can be provided either by batteries or by
rectified and stabilized power supply. The degree of stability required is such that the change
in current due to any change in voltage is negligible compared with the current to be measured.

5.3.4 Electrode arrangements

5.3.4.1 General

Electrode arrangements consist of the combination of electrodes and conductive means. The

con
Ele
in o

NOT
elec]

5.3

The
100

No
arra
and
ag4g

Ap

ductive means shall be applied to the test specimen before performing the measureme

rder to perform measurements.

rode arrangements.

4.2 Electrode arrangement A — Spring loaded electrodes

mm and a gap distance of 10 mm as shown in Figure 1.

guard electrode is used. The metal knife-edges shall cansist of individual spring tong
nged next to each other about 0,3 mm apart and each.with a length not exceeding 5,0
0,3 mm thick. The contact force shall be high enough_so that all tongues or segments
inst the surface of the test specimen, but without.damaging the surface.

ece of metal exerting the contact force shall be applied with high-grade insulation wher

conftact with the specimen.

hts.

ctrodes are then placed in contact with the conductive means applied on the test specimen

E Annex B contains the results of the comparative verification study on surface resistivities/using diffdrent

electrode arrangement A shall consist of two flexible metal knifezedges with a length of

ues
mm
est
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Dimensions in millimetres

1 2 3 1

” “ Voo, ok
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-L 25 1020,1 o

l

l

I_

|
100 £0,5

IEC

Key
1 uide\bar (detachable)

2 metal knife-edges

3 specimen

Figure 1 — Electrode arrangement A (example)

5.3.4.3 Electrode arrangement B — Small line electrodes

Electrode arrangement B shall consist of a two-terminal collector with conductive blades being
in contact with the conductive means on the test specimen, as shown in Figure 2. No guard
electrode is used.

For the purpose of electrode arrangement B, conductive means shall be applied as two 1,5 mm
wide lines with a length of 25,0 mm and a gap distance of 2,0 mm. Lines shall be applied before
conditioning.
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Types of conductive means and the related applications are described in 5.6.4.

IEC
Figure 2 — Electrode arrangement B'(example)

5.3/4.4 Electrode arrangement C — Annular electrodes

Elettrode arrangement C is a three-terminal electfode system, as shown in Figure 3. On pne
sid¢ of the test specimen, annular electrodes are ‘applied. The opposite surface of the fest
spelcimen shall be covered by a guard electfode, not smaller than the area covered by |the
corfesponding electrodes.
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specimen
electrode 1
measuring area

electrode 2

a O N

electrode 3 (guard electrode)

IS}

thickness of the test specimen

electrode 1 diameter

-

electrode 2 internal diameter

electrode 2 external diameter

QU QU QU QU
w N

m | median diameter of measuring area

Figure 3— Electrode arrangement C (example)

Any electrode dimensionscan be used, unless otherwise specified by the relevant proquct

standard. Typical electtode dimensions are given in Table 1. For comparison tests, electrpde
arrgngement C1 is recommended.

Table\1' - Typical electrode dimensions for electrode arrangement C

dy dy dy
Ejectrode arrangement
mm mm mm
C1 50 60 80
Cc2 76 88 100
C3 25 38 50

With electrode arrangement C, the surface resistance between electrode 1 and electrode 2 shall
be measured. Electrode 3 shall be earthed.

Either of the conductive means described in 5.6.4 shall be placed or painted on the surface
areas where electrode 1, electrode 2 and electrode 3 are placed. The conductive means shall
not be applied on the surface between electrode 1 and electrode 2.

NOTE In the case of materials with limited conductivity and also occasionally films having a thickness of < 10 ym,
the input resistance of the ammeter is significantly smaller than the volume resistance of the test specimen.
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5.3.4.5 Electrode arrangement D — Line electrodes

Electrode arrangement D shall consist of a two-terminal collector electrode arrangement with
conductive blades being in contact with the conductive means on the test specimen, as shown
in Figure 2. No guard electrode is used.

For the purpose of electrode arrangement D, the conductive means shall be applied as two
parallel 1,5 mm wide lines with a length of (100,0 £ 1,0) mm and a gap distance of

(10,0 £ 0,5) mm. They can be applied before the treatment.
Tht typcb Uf bUIIUIuL;t;VU mediirs dlld tilC IUidtUUI appiibatiunb dlic UIUDLIEIUCCII ill 564
5.3/4.6 Electrode arrangement E — Line electrodes for small plates

Ele
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For|
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(5,4

The
tha

Tyg
NOT

5.4

ctrode arrangement E consists of a three-terminal collector electrode as showh,in Figur
h B).

the purpose of electrode arrangement E the conductive means shall be applied as

+ 0,5) mm that can be applied before conditioning of the test specimen.

opposite surface of the test specimen shall be covered bByja guard electrode not smg
N the area covered by the corresponding electrodes.

es of conductive means and the related applications are described in 5.6.4.

E Examples of combination of electrode types and dimensions of test specimens are provided in Annex A

Test circuit

Depending on the electrode arrangement selected, two- or three-terminal measurements s

be

For|
a th

For|

carried out (see Figure 4).

annular electrodes (electrode arrangement C) and line electrode arrangement
ree-terminal test circuit is pecessary as a grounded protective electrode is mandatory.

any other line electrode arrangement (A, B and D), a two-terminal test circuit shall be us

e 4,

two

Allel 1,0 mm to 2,0 mm wide lines with a length of (50,0 £ 1,0) mm“and a gap distanc¢ of

ller

hall

ed.
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a b c A) Guarded annular 2 )
1 N L electrode
— |/ ) ( / 3
A, n g :

IF

Key

oltage source

T o

oltmeter

ammeter

o O

¢lectrode 1
e ¢lectrode 2 (shielded electrode)
f ¢lectrode 3 (protective electrode)

g gpecimen

5.5| Calibration

Thg equipment shall be\calibrated in the magnitude of the surface resistance measured.

o C) Unprotected line
7 electrode

B) Protected line
electrode

IEC

Figure 4 — Connection diagram of measurement with two- and
three-terminal electrode arrangements

NOTE Calibration resistors in a range up to 100 TQ are commercially available.

5.6] Test specimen

5.6)1 Recommended dimensions of test specimen and electrode arrangements

Thd_specimen’s dimensions shall be sufficient to apply the selected electrode arrangem

pnt.

Recommendations for products are given in Annex A.

5.6.2 Manufacturing of test specimen

The production and shape of the test specimen shall be determined by the relevant standards
for the material. During removal and production of the specimen, the condition of the material
shall not be changed and the specimen removed shall not be damaged.

If the surface of the test specimen is machined at the contact areas of the electrodes, the type
of machining shall be specified in the test report. The test specimen shall have a geometrically
simple shape (plate with parallel measuring areas, cylinder, etc.).

NOTE Machining of the test specimen can be performed on the specimen when it is representative of the application

target for the materials.
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Specimen from products shall be prepared with the product thickness, if possible.

5.6.3 Number of test specimens

The number of test specimens to be tested shall be determined by the relevant product
standards. If no such data is available, at least three specimens shall be tested.

5.6.4 Application of conductive means

5.6.4.1 General

WhEgn using adhesive conductive means (electrode arrangements B, C, D and E), ensure that
a pfoper contact is provided over the whole area covered. The conductive means used‘shall,
aftgr an appropriate time of conditioning, not influence the measured values far)surface
resistance.

NOTE 1 Conductive silver paint and suspensions of graphite have been found appropriate.

NOTE 2 Annex B contains the results of the comparative verification study on surface resistivities using diffgrent
elecfrode arrangements and conductive means.

5.6/4.2 Conductive silver paint

Certain types of commercially available, high-conductivity silver_paints, either air-drying or Ipw-
temperature-baking varieties, are sufficiently porous to pétmit diffusion of moisture through
then and thereby allow the test specimens to be conditioned after application of the conduct}ive
means. This is a particularly useful feature in studying resistance-humidity effect as well as
changes with temperature. However, before conductive paint is used as a conductive means, it
shquld be established that the paint solvent doest not affect the electrical properties of |the
spelcimen. Reasonably smooth edges for use with guard electrodes can be obtained with a
fing-bristle brush. However, for use with circular electrodes, sharper edges can be obtained by
the|use of a compass for drawing the outlin€circles of the electrodes and filling in the encloged
areps by brush. Clamp-on masks can be used if the conductive paint is sprayed on.

5.6/4.3 Colloidal graphite

Colloidal graphite dispersed. ipiwater or other suitable medium, can be used under the sgme
conditions as given for conductive silver paint.

5.6/4.4 Conducting:rubber

Conducting rubber.can be used as conductive means. It has the advantage that it can be applied
and removed from the specimen quickly and easily. Since the conductive means are applied
only during the time of measurement, they do not interfere with the conditioning of the specimen.
Thgq resistanee of the rubber electrode shall be less than 1 000 Q.

Thg ‘conducting rubber material shall be soft enough to ensure that effective contact to [the
specimen is obtained when a reasonable pressure, for example 2 kPa (0,2 N/cm#), is applied.
Shore A hardness according to ISO 48-4 in the range of 65 to 85 has been found suitable.

NOTE The results of resistivity measurements obtained with the application of electrodes made of conducting rubber
are always higher (few tens to few hundreds per cent) in comparison to that obtained for metallic electrodes.

5.6.5 Conditioning and pre-treatment of test specimen

Conditioning and any other pre-treatment of the test specimen shall be carried out according to
the relevant product standard.

If no product standard exists, conditioning shall be realized for at least four days at 23 °C and
50 % RH in accordance with IEC 60212 (standard climate B).
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If not otherwise specified by the relevant product standard, no cleaning of the test specimen
shall be done. Any additional contamination shall be avoided.

5.7 Test procedure

Unless otherwise specified, the measurement shall be conducted in normal air at 23 °C and
50 % RH in accordance with IEC 60212 (standard climate B).

The specimen shall be conditioned and pre-treated in accordance with 5.6.5. Immediately after
the treatment, the electrodes shall be connected with the measuring device.

Sulysequently, but no more than 2 min after finishing the conditioning or pre-treatment; the
surface resistance Rg shall be determined between the electrodes. If not otherwise spegified, it
shdll be measured 1 min after voltage application.

NOTE Experience from the application of this test evidenced that, for material design and tesearch purposes,
readhing the stabilization of the current before measuring the surface resistance provides better results.

6 |Calculation of surface resistivity

6.1 For electrode arrangements A, B, D and E

19%
()
>

Thg measured value Rg for the respective surface resistances’Rgp, Rgg, Rgp and Rgg betw
eleg¢trodes 1 and 2 shall be specified in Q.

For|electrode arrangements A, B, D and E, surface<esistivity o can be calculated in Q according

to Bquation (1) from the measured resistance Rg.and electrode dimensions.

It ig also possible to calculate surface resistivity even with dimensions deviating from thpse
deflned in 5.3.4, 5.3.4.3, 5.3.4.5 and 5.3.4.6.

oy =— -Rgy 1
2 (1)

where

/ is the length\of the line electrodes, expressed in mm;

g is the distance between the lines (gap), expressed in mm,;

Y corresponds to the electrode arrangements A, B, D, or E.

As the, individual surfaces resistivities are dependent on the electrode arrangement used and
areltherefore not comparable with each other, when reporting the measurement results, [the
type of electrode arrangement shall be specified together with the measured value.

6.2 For electrode arrangement C
The surface resistance Rgc between electrodes 1 and 2 with earthed electrode 3 shall be

specified in Q.

The surface resistivity o can be calculated in Q according to Equation (2) from the measured
resistance Rgc and electrode dimensions (see Figure 3).
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(2)

where

d, is the outer diameter of the inner electrode, expressed in mm;
d, is the inner diameter of the ring electrode, expressed in mm.
7 |Test report

Thq report shall include the following:

8

electrode arrangement and electrode dimensions;

complete identification and description of the material tested, includingthe source and
manufacturer’s code;

shape and thickness of the test specimen;

test voltage and duration of the voltage application;

accuracy of the instrument and calibration method, depending on the measured value
resistance, if necessary;

curing conditions of the material and any pre-tr€atment;

conditioning of the samples and ambient conditions under test;

number of samples;

date of test;

each single value and the medianef’surface resistance and surface resistivity, respectiv

any other important observation)if applicable.

Repeatability and reproducibility

as
me

The

Anr

ects. Experiences’/have shown that the reproducibility is in the range of > 50 % (of
sured value),

Mep[surements of sufface resistance and surface resistivity are dependent on numer

repeatability is between 20 % and 50 %.

ex B-ctontains the results of the comparative verification study on surface resistivities ug

diff

description of the conductive material used, test set-up and-instrument used for the tesf;

the

5 of

ely;

buUSs
the

ng

prent electrode arrangements
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Annex A

(informative)

Specimen dimensions and electrode arrangements

Specimen dimensions and electrode arrangements are given in Table A.1.

For materials which are not available in flat sheets, the electrode arrangement should be agreed

between the supplier and customer.

Table A.1 — Recommended test specimen dimensions and

electrode arrangements for specific products

Type of product Recommended Remarks Recommended
electrode dimensions of tes
arrangement specimen
Thermoplastic moulding E,C See ISO 10350-1 >60 mm x 2 60 mm
compounds
Thermosetting moulding A E, C See ISO 14526 series, > 60 mm x 2 60 mm
compounds ISO 14527 series, ISO 14528
series, 1SO 14529 serjes, 2 100 mm x > 100 mr|
ISO 14530 series, 1S0)15252
series
Long fibre, reinforced A, C See EN 14598-series, > 100 mm x > 100 mr
polyester resin and vinyl 1ISO 10350£2
esfer resin moulding
compounds (SMC BMC)
Eppxy based sheets and A, C SeelEC 60893-2
laminates
Piges, bars and rods B, See IEC 61212-2, IEC 62011-2
Elgstomeric materials ,
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Comparative verification study on surface resistivities using different
electrode arrangements (type C and type E)

B.1 General

An 'ni‘nr-lnhnrni‘nry trial has been pnrfnrmnd to confirm the nyiei‘ing variations, for the surf

res|stivity test results on the same materials, in which replicated batches of two mater
(hefeunder referred as material A and material B) were tested at four laboratories in aceorda

with this part of IEC 62321.

Singe this preliminary inter-laboratory trial did not fully satisfy the conditions forthe internatid
laboratory trial in ISO 5725-2 due to an insufficient number of participating laborator
repgeatability and reproducibility were not obtained in accordance with 1IS©.5725-2.

Nevertheless, some analysis on the test data was conducted as follows.

B.2 Inter-laboratory trial conditions

B.2.1 General

Fodr laboratories participated in the inter-laboratory)trial.

B.2.2 Test specimens

Spégcimens A and B characteristics are described in Table B.1.

Table B.1 —Test specimens characteristics

ce

ials
nce

nal
es,

Specimen A

Specimen B

(according to 1S0'15512)

Material Polyamide 66 (PA66) Polybutylene terephthalate (PBT)
Filled/Unfilled Unfilled Unfilled
Water content 1,80 % 0,15 %

Dimensions

Square test plaques

100 mm x 100 mm x 2 mm

Square test plaques

100 mm x 100 mm x 2 mm

Ndmber of specimens

10 x each test condition

10 x each test condition

B.2.3

Electrode types, conductive materials and test voltage

The following electrode types were used for the inter-laboratory trial:

e electrode arrangement C — Annular electrodes (according to 5.3.4.4);

e electrode arrangement E — Line electrodes for small plates (according to 5.3.4.6).

The conductive materials between the electrodes and the test specimen were:

e conductive silver paint (according to 5.6.4.2);

e conductive rubber (according to 5.6.4.4).
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Either of the conductive materials was applied on both surfaces of the test specimens to
guarded electrodes and measuring electrodes respectively.

Test voltage:

B.2.4

500 vV DC.

Test conditions

The applied test conditions by the specific participants are summarized in the following
Table B.2. The surface resistivity equations for the different electrodes are represented in

Figure B.1.
Table B.2 — Test conditions per specific participant
Conditions Laboratory 1 Laboratory 2 Laboratory 3 lcaboratory|4
C XE Xa Xa
Hlectrode 7% (dy +d)dy _ dy) (34,50) (18,84) (34,50)
arjangement
type E xa X2
(I/g) (10) (10)
Conductive Silver paint xa xa xa
lnaterial Rubber xa xa
TeLt voltage Requested 500 V 500 500 500 500
(Vv DC)
a8 | Condition applied by the specific laboratory.
_d‘]_ r'}: {
I/;
Gap T 7 .
W distance : D+4d
“I Developed D
7(D + d)
- oe=Rs x Y —pex 2 __p x"2*d)
- sTHs X7 s D—d s D—d
2
IEC
Figure B.1 — Surface resistivity equations for the used electrodes
B.3 Summary of the test results
Thed
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Table B.3 — Summary of the test results

Material Polybutylene terephthalate (PBT) Polyamide 66 (PA66)
Electrode arrangement C C E C C E
Conductive means Rubber Silver Silver Rubber Silver Silver
Test voltage (V DC) 500 500 500 500 500 500
Laboratories 2, 43 2,3, 42 1,2 2,4 2,3,4 1,2
Total specimens 20 30 20 20 30 20
Srand-mean{9° 34E+16 3;6E+16 +9E+16 +6E+15 3-3E+14 +4E+15
Reproducibility (sg)b 1,3E+16 2,2E+16 2,0E+16 5,0E+14 6,5E+13 112E+[15
Fxtended standard 2,1E+16 1,3E+16 1,2E+16 4,9E+14 3,7E+13 4,3E+[14
deviation (Std Dev r)P
Repeatability (Sr)b 5,8E+16 3,7E+16 3,2E+16 1,4E+15 1,0E+14 1,2E+[15
Repeatability % (% S|) 170 107 172 90 31 85

a8 |Laboratory 4 reported that 7 out of 10 specimens showed results out of the measuring range (actual vall
were therefore higher).

The reported data are provided as scientific notation. See B.5.1.

B. Inter-laboratory trial outcomes and suggestions for IEC 62631-3-2

Thg outcomes of this inter-laboratory trial provide évidence that:

a) [the electrode arrangement type C (annular) variations of conductive materials (use or
use of silver paint or conductive rubber), significantly affect the repeatability
reproducibility of results;

b) [the different gap distances in the.\electrode arrangement type C did not affect the res
compared to the results of the.electrode arrangement type E (the electrode arrangem
ype C gap distance for laboratory 3 is different from those of laboratories 2 and 4);

c) [the current results show.that the electrode arrangement type C in combination with si
paint has slightly betterirepeatability and reproducibility than the electrode arrangement t
E, although more data-shall be collected to confirm these results and the related precis
of data.

ording to the.above findings, the following technical modifications have been introduce
thig second edition of IEC 62631-3-2:

d) [for any\type of electrode arrangement, conductive material shall be applied on the specin
surface in contact with the measuring electrodes and guarding electrodes;

no
and

ults
ent

ver

ype
ion

H in

nen

e) [silver paint is the preferred conductive material;

f) description of the conductive rubber characteristics has been added.

In order to properly evaluate data precision and address possible results variation factors

between the different electrode types, IEC TC 112 will consider the possibility to perform
additional inter-laboratory trial.

B.5 Detailed inter-laboratory results

B.5.1 General

The detailed analysis of the collected data from the inter-laboratory trial is provided in Table
to Table B.13.

an

B.4
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In Table B.4 to Table B.13 the reported data for surface resistance, surface resistivity and some
statistical data are provided as scientific notation defined as per the following example:

EXAMPLE 1E+15 is equivalent to 1 - 10"® and to 1 000 000 000 000 000.
where

1 = coefficient

E = 10 to the power of

15 = exponent

B.5.2 Laboratories results by different groups of electrode types and conductive
materials for the different test specimens
Table B.4 — Polybutylene terephthalate (PBT) test specimen resulfs =
Electrode type C with conductive rubber
Laboratory Laboratory 2 Laboratory 4
Test date 2020/02/18 2020/07/28
Flectrode type Annular C1 34.56 Annularc1 34.56
Cqdnductive means Conductive elastomer Conductive rubber
Testing voltage 500V DC 500 Vv DC
Specimen Surface resistance Surface resistivity Surface resistance Surface resistivily
PBT Rgc o Rg ® o?
Qb Q/square®® Qb Q/square ®
1 1,30E+14 4,50E+15 1,60E+15 5,53E+16
2 1,60E+15 5,50E+16 6,30E+16 2,18E+15
3 3,10E+14 1,10E+16 5,00E+14 1,73E+16
4 1,60E+15 5,50E+16 1,60E+15 5,53E+16
5 1,60E+15 5,50E+16 1,60E+15 5,53E+16
6 6,40E+14 2,20E+16 1,60E+15 5,53E+16
7 1,70E+14 5,90E+15 1,60E+15 5,53E+16
8 2,40E+14 8,30E+15 1,60E+15 5,53E+16
9 4,80E+14 1,70E+16 6,70E+14 2,32E+16
10 5,50E+14 1,90E+16 1,60E+15 5,53E+16
Median 5,20E+14 1,80E+16 1,60E+15 5,53E+16
Standard_deviation 5,90E+14 2,00E+16 5,63E+14 5,53E+16
G¢ometrical mean 5,10E+14 1,80E+16 9,45E+14 3,26E+16
Population 10 10
Degree of freedom 9 9
Confidence 95 %" 1,25E+16 3,43E+16
Weighted 1,60E+18 4,50E+18
variance®
Extended weighted variance® 6.10E+18
Total degree of freedom co:dnuncl::sgv:itt:‘ber 18
Pooled standard deviation® 6,00E+08

a8 The data in red represent measurements that exceeded the instrument measuring range.

The reported data are provided as scientific notation. See B.5.1.



https://iecnorm.com/api/?name=d943a4f8a94fb95625c2d0541ef022af

—24 —

IEC 62631-3-2:2023 © |EC 2023

Table B.5 — Polyamide 66 (PA66) test specimen results —
Electrode type C with conductive rubber

Laboratory Laboratory 2 Laboratory 4
Test date 2020/02/18 2020/07/28
Electrode type Annular C1 34.56 Annular C1 34.56

Conductive means

Conductive elastomer

Conductive rubber

Testing voltage

500V DC

500 v DC

Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PA66 Rgc o L o
Qa Q/square @ Qa Q/square?
1 5,97E+13 2,06E+15 7,70E+13 2,66E+15
2 2,58E+13 8,92E+14 6,55E+13 2,26E+15
3 3,01E+13 1,04E+15 5,52E+13 1,91E+15
4 2,82E+13 9,75E+14 7,12E+13 2,46E+15
5 3,06E+13 1,06E+15 6,07E+13 2,10E+15
6 3,37E+13 1,16E+15 3,86E+13 1,33E+15
7 2,95E+13 1,02E+15 4,35E+13 1,50E+15
8 2,95E+13 1,02E+15 2,91E+13 1,01E+15
9 3,12E+13 1,08E+15 6,84E+13 2,36E+15
10 3,61E+13 1,25E+15 3,01E+13 1,04E+15
Median 3,00E+13 1,10E+15 5,80E+13 2,00E+15
Standard deviation 9,20E+12 3,20E¥14 1,66E+13 2,00E+15
Gg¢ometrical mean 3,30E+13 IMMOE+15 511E+13 1,77E+15
Population 10 10
Ddgree of freedom 9 9
Confidence 95 %2 1595E+14 1,24E+15
Weighted 2,60E+16 1,60E+17
variance?
Extendedweighted variance? 1,90E+17
Total degree of freedom co:dnuncl::sgv:itt:‘ber 18
Pooled standard deviation? 1,00E+08
a8 | The reportéd-data are provided as scientific notation. See B.5.1.
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Table B.6 — Polybutylene terephthalate (PBT) test specimen results -
Electrode type C with conductive silver paint

Laboratory Laboratory 2 Laboratory 4 Laboratory 3
Test date 2020/02/18 2020/07/28 2020/02/26
Electrode type Annular C1 34.56 Annular C1 34.56 Annular 18.84

Conductive

Conductive silver paint

Conductive silver paint

Conductive silver paint

means
Testing voltage 500V DC 500 V DC 500V DC
Specimen Surface Surface Surface Surtface Surface Surfacel
PBT resistance resistivity resistance resistivity resistance resistivity
Rsc o Ry ® o? Rgc o
Qb Q/square ° Qb Q/square ® Qb Q/square|®
1 1,60E+15 5,50E+16 4,70E+14 1,62E+16 4,66E+14 8,78E+1b
2 1,60E+15 5,50E+16 1,52E+15 5,25E+16 4,95E+14 9,33E+1p
3 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,90E+14 9,23E+1p
4 6,10E+14 2,10E+16 1,54E+15 5,32E+16 4,76E+14 8,97E+1b
5 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,85E+14 9,14E+1p
6 1,60E+15 5,50E+16 1,60E+15 5,58E%16 4,46E+14 8,40E+1b
7 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,95E+14 9,33E+1p
8 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,81E+14 9,06E+1b
9 1,60E+15 5,50E+16 1,60E+4% 5,563E+16 5,00E+14 9,42E+1p
10 1,10E+15 3,60E+16 1,60EH15 5,53E+16 5,00E+14 9,42E+1p
Median 1,60E+15 5,50E+16 1,60E+15 5,53E+16 4,88E+14 9,19E+1b
Standard 3,20E+14 1,10E+16 5,49E+14 1,90E+16 1,62E+13 3,06E+14
deviation
Geometrical 1,40E+15 4,80EH116 7,03E+14 2,43E+16 4,83E+14 9,10E+1b
mean
Population 10 10 10
Degree of 9 9 9
freedom
Confidence 6,89E+15 1,18E+16 1,90E+14
95 %P
Weighted 9,00E+17 1,50E+18 2,50E+16
variance®
Extended weighted variance® Annular 2,50E+18
Total degree of freedom with . 27
conductive
Pooled standard deviation® silver paint 3,00E+08

a8 The data in red represent measurements that exceeded the instrument measuring range.

b The reported data are provided as scientific notation. See B.5.1.
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Table B.7 — Polyamide 66 (PA66) test specimen results —
Electrode type C with conductive silver paint

Laboratory Laboratory 2 Laboratory 4 Laboratory 3
Test date 2020/02/18 2020/07/28 2020/02/26
Electrode type Annular C1 34.56 Annular C1 34.56 Annular 18.84
Conductive Conductive silver paint Conductive silver paint Conductive silver paint
means
Testing voltage 500 V DC 500 V DC 500V DC
Specimen Surface Surface Surface Surtace Surface Surfacel
PAGG resistance resistivity resistance resistivity resistance resistivity
Rge o Rge 9 Rge o)
Qa Q/square @ Qe Q/square @ Qe Q/square|?
1 1,04E+13 3,59E+14 7,69E+12 2,66E+14 1,59E+13 2,99E+14
2 1,10E+13 3,80E+14 1,02E+13 3,51E+14 1,68E+H13 3,16E+14
3 9,64E+12 3,33E+14 5,31E+12 1,84E+14 1,76E+13 3,32E+14
4 1,19E+13 4,11E+14 6,83E+12 2,36E+14 1,91E+13 3,59E+14
5 1,09E+13 3,77E+14 5,71E+12 1,97E+14% 1,86E+13 3,51E+14
6 1,13E+13 3,91E+14 6,52E+12 2,25E+14 2,01E+13 3,78E+14
7 1,05E+13 3,63E+14 8,10E+12 2,80E+14 1,91E+13 3,59E+14
8 1,07E+13 3,70E+14 7,18E+12 2,48E+14 2,16E+13 4,07E+14
9 9,86E+12 3,41E+14 8,01E+42 2,7E+14 2,13E+13 4,01E+14
10 1,17E+13 4,04E+14 7,93E%x12 2,74E+14 1,91E+13 3,60E+14
Median 1,10E+13 3,70E+14 7,43E+12 2,57E+14 1,91E+13 3,59E+14
Standard 6,90E+11 2,40E+13 1,31E+13 4,63E+13 1,73E+12 3,25E+1B
deviation
Geometrical 1,10E+13 3,70E+14 2,50E+14 2,50E+14 1,88E+13 3,55E+14
mean
Population 10 10 10
Degree of 9 9 9
freedom
Confidence 1,48E+13 2,81E+13 2,02E+13
95 %?
Weighted 1,90E+15 3,70E+15 2,60E+15
variance?
Extended weighted variance? Annular 8,24E+1p
Total degree of freedom with . 27
conductive
Pooled standard deviation? silver paint 2,00E+07

@ The reported data are provided as scientific notation. See B.5.1.
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Table B.8 — Polybutylene terephthalate (PBT results) test specimen results —
Electrode type E with conductive silver paint

Laboratory Laboratory 2 Laboratory 1
Test date 2020/02/18 2020/06/12
Electrode type Lines E 10 Lines E 10
Conductive means Conductive silver paint Conductive silver paint
Testing voltage 500 vV DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PBT Rgc o Rgc o
Qa Q/square @ Qa Q/square @
1 3,10E+14 3,10E+15 1,30E+15 1,30E+16
2 2,80E+14 2,80E+15 4,00E+15 4,00E+16
3 4,70E+14 4,70E+15 1,90E+15 1,90E+16
4 3,10E+14 3,10E+15 4,70E+15 4,70E+16
5 5,30E+14 5,30E+15 2,10E+15 2,10E+16
6 5,10E+14 5,10E+15 3,30E+15 3,30E+16
7 4,90E+14 4,90E+15 5,00E+15 5,00E+16
8 5,20E+14 5,20E+15 3,60E+15 3,60E+16
9 4,60E+14 4,60E+15 6,10E+15 6,10E+16
10 4,50E+14 4,50E+15 1,30E+15 1,30E+16
Median 4,70E+14 4,70E+15 3,40E+15 3,40E+16
Standard deviation 9,10E+13 9,10E¥14 1,60E+15 1,60E+16
Gg¢ometrical mean 4,20E+14 4,20E+15 2,90E+15 2,90E+16
Population 10 10
Ddgree of freedom 9 9
Confidence 95 %? 5;62E+14 9,68E+15
Weighted 7,30E+16 1,30E+18
variance?
Extendedweighted variance? Lines with 1,3E+18
Total degree of freedom conductiye silver 18
Pooled standard deviation? paint 3,00E+08
a8 | The reportéd-data are provided as scientific notation. See B.5.1.
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Table B.9 — Polyamide 66 (PA66) test specimen results —
Electrode type E with conductive silver paint

Laboratory Laboratory 2 Laboratory 1
Test date 2020/02/18 2020/06/12
Electrode type Lines E 10 Lines E 10
Conductive means Conductive silver paint Conductive silver paint
Testing voltage 500 vV DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PA66 Rgc o Rgc o
Qa Q/square @ Qa Q/square @
1 5,20E+13 5,21E+14 2,49E+14 2,49E+15
2 5,568E+13 5,58E+14 2,48E+14 2,48E+15
3 6,09E+13 6,09E+14 1,45E+14 1,45E+15
4 5,63E+13 5,63E+14 2,78E+14 2,78E+15
5 5,96E+13 5,96E+14 3,18E+14 3,18E+15
6 7,16E+13 7,16E+14 1,39E+14 1,39E+15
7 9,09E+13 9,09E+14 1,92E+14 1,92E+15
8 4,89E+13 4,89E+14 2,06E+14 2,06E+15
9 4,09E+13 4,09E+14 1,96E+14 1,96E+15
10 4,66E+13 4,66E+14 2,82E+14 2,82E+15
Median 5,60E+13 5,60E+14 2,30E+14 2,30E+15
Standard deviation 1,40E+13 1,40E¥14 5,70E+13 5,70E+14
Gg¢ometrical mean 5,70E+13 o 0E+14 2,20E+14 2,20E+15
Population 10 10
Ddgree of freedom 9 9
Confidence 95 %2 8;37E+13 3,50E+14
Weighted 1,10E+16 4,60E+16
variance?
Extendedweighted variance? Lines with 5,70E+16
Total degree of freedom conductiye silver 18
Pooled standard deviation? paint 6,00E+07
a8 | The reportéd-data are provided as scientific notation. See B.5.1.
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B.5.3 Laboratory 2 results comparing different electrode types and conductive
materials
Table B.10 — Laboratory 2 results — Polybutylene terephthalate (PBT) —
Different electrodes and conductive materials
Laboratory Laboratory 2 Laboratory 2 Laboratory 2
Test date 2020/02/18 2020/02/18 2020/02/18
Electrode type Annular C1 34.56 Annular C1 34.56 Lines E 10

Conductive

Conductive elastomer

Conductive silver paint

Conductive silver paint

means
Tepting voltage 500V DC 500V DC 500 v DC
Specimen Surface Surface Surface Surface Surface Surface]
PBT resistance resistivity resistance resistivity resistance resistivit
Rgc o Rgc o Rgc g
Qa Q/square ? Qa Q/square ® Q2 Q/square|?
1 1,30E+14 4,50E+15 1,60E+15 5,50E+16 8,10E+14 3,10E+1p
2 1,60E+15 5,50E+16 1,60E+15 5,50E+16 2,80E+14 2,80E+1b
3 3,10E+14 1,10E+16 1,60E+16 5,50E+186 4,70E+14 4,70E+1p
4 1,60E+15 5,50E+16 6,10E+14 2,10E+16 3,10E+14 3,10E+1b
5 1,60E+15 5,50E+16 1,60E+15 5,50E+16 5,30E+14 5,30E+1b
6 6,40E+14 2,20E+16 1,60E+15 5,50E+16 5,10E+14 5,10E+1pb
7 1,70E+14 5,90E+15 1,60E+15 5,50E+16 4,90E+14 4,90E+1p
8 2,40E+14 8,30E+15 1,60E+15 5,50E+16 5,20E+14 5,20E+1p
9 4,80E+14 1,70E+16 1,60E+15 5,50E+16 4,60E+14 4,60E+1p
10 5,50E+14 1,90E+16 1,10E+15 3,60E+16 4,50E+14 4,50E+1p
Median 5,20E+14 1,80E+16 1,60E+15 5,50E+16 4,70E+14 4,70E+1p
Standard 9,20E+14 2,00E+16 3,20E+14 1,10E+16 9,10E+13 9,10E+14
deviation
Geometrical 5,10E+14 1,80E+16 1,40E+15 4,80E+16 4,20E+14 4,20E+1p
mean
Population 10 10 10
Degree of 9 9 9
freedom
Confidence 1,25E+16 6,89E+15 5,62E+14
95 %?
Weighted 1,60E+18 9,00E+17 7,30E+16
variance?

Thefeported data are provided as scientific notation. See B.5.1.
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Table B.11 — Laboratory 2 results — Polyamide 66 (PA66) —
Different electrodes and conductive materials

Laboratory Laboratory 2 Laboratory 2 Laboratory 2
Test date 2020/02/18 2020/02/18 2020/02/18
Electrode type Annular C1 34.56 Annular C1 34.56 Lines E 10

Conductive

Conductive elastomer

Conductive silver paint

Conductive silver paint

means
Testing voltage 500V DC 500V DC 500V DC
Specimen Surface Surface Surface Surface Surface Surfacel
PAGG resistance resistivity resistance resistivity resistance resistivity
Rsc o Rsc o Rgc g
Qa Q/square @ Qe Q/square @ Qa2 Q/square|?
1 5,97E+13 2,06E+15 1,04E+13 3,59E+14 5,21E+13 521E+14
2 2,58E+13 8,92E+14 1,10E+13 3,80E+14 5,58E+13 5,58E+14
3 3,01E+13 1,04E+15 9,64E+12 3,33E+14 6,09E+13 6,09E+14
4 2,82E+13 9,75E+14 1,19E+13 4,11E+14 5,63E+13 5,63E+14
5 3,06E+13 1,06E+15 1,09E+13 3,77E+1%5 5,96E+13 5,96E+14
6 3,37E+13 1,16E+15 1,13E+13 3,91E+14 7,16E+13 7,16E+14
7 2,95E+13 1,02E+15 1,05E+13 3,63E+14 9,09E+13 9,09E+14
8 2,95E+13 1,02E+15 1,07E+13 3,70E+14 4,89E+13 4,89E+14
9 3,12E+13 1,08E+15 9,86E+12 3,41E+14 4,09E+13 4,09E+1¢
10 3,61E+13 1,25E+15 1,17Ex13 4,04E+14 4,66E+13 4,66E+14
Median 3,00E+13 1,10E+15 1,10E+13 3,70E+14 5,60E+13 5,60E+14
Standard 9,20E+12 3,20E+14 6,90E+11 2,40E+13 1,40E+13 1,40E+1¢
deviation
Geometrical 3,30E+13 1,10E+15 1,10E+13 3,70E+14 5,70E+13 5,70E+14
mean
Population 10 10 10
Degree of 9 9 9
freedom
Confidence 1,95E+14 1,48E+13 8,37E+13
95 %?
Weighted 2,60E+16 1,90E+15 1,10E+16
variance?
2 | The repofted data are provided as scientific notation. See B.5.1.
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Laboratory 3 results — Electrode type C with and without use of conductive

Table B.12 — Laboratory 3 results — Polybutylene terephthalate (PBT) —
Electrode type C with and without conductive silver paint

Laboratory

Laboratory 3

Laboratory 3

Test date

2020/02/12

2020/02/26

Electrode type

Annular

18.84

Annular

18.84

Conductive means

No conductive means

Conductive silver paint

Testing voltage 500V DC 500V DC
Specimen Surface resistance Surface resistivity Surface resistance Surfaceresistivi
PBT Rgc o Ryc o
Qa Q/square @ Qa2 Q/square 2
1 3,10E+15 5,84E+16 4,66E+14 8,78E+15
2 6,60E+14 1,24E+16 4,95E+14 9,3E+15
3 1,10E+15 2,07E+16 4,90E+14 9,24E+15
4 7,90E+14 1,49E+16 4,76E+14 8,97E+15
5 5,00E+15 9,42E+16 4,85E+14 9,14E+15
6 1,50E+14 2,83E+15 4,46E+14 8,41E+15
7 3,47E+14 6,54E+15 4,95E+14 9,33E+15
8 1,40E+15 2,64E+16 4,81E+14 9,07E+15
9 1,10E+15 2,07E+16 5,00E+14 9,42E+15
10 2,64E+14 4,98E+15 5,00E+14 9,42E+15
11 4,00E+14 7,54E+15 4,81E+14 9,07E+15
12 4,10E+14 7,67E+15 4,24E+14 7,99E+15
13 1,70E+15 3,20E+16 4,87E+14 9,18E+15
14 2,00E+15 3,77E+16 4,85E+14 9,14E+15
15 2,50E+14 4,69E+15 4,59E+14 8,65E+15
16 3,30E+15 6,22E+16 5,40E+14 1,02E+16
17 1,40E+15 2,64E+16 4,95E+14 9,33E+15
18 9,60E+14 1,81E+16 4,85E+14 9,14E+15
19 3,90E+14 7,26E+15 4,72E+14 8,90E+15
20 1,5E+14 2,79E+15 3,97E+14 7,48E+15
Median 8,80E+14 1,60E+16 4,90E+14 9,10E+15
Standard 1,20E+15 2,30E+16 4,90E+13 5,50E+14
deviation?
Geometrical mean? 7,80E+14 1,50E+16 4,77E+14 8,99E+15

28 The reported data are provided as scientific notation. See B.5.1.
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Table B.13 — Laboratory 3 results — Polyamide 66 (PA66) —
Electrode type C with and without conductive silver paint

Laboratory

Laboratory 3

Laboratory 3

Test date

2020/02/12

2020/02/26

Electrode type

Annular

18.84

Annular

18.84

Conductive means

No conductive means

Conductive silver paint

Testing voltage

500V DC

500 v DC

Specimen Surface resistance Surface resistivity Surface resistance Surface resistivity
PA66 Rgc o Ry o
Qa Q/square @ Qa Q/square @
1 3,91E+14 7,37TE+15 1,69E+13 2,99E+14
2 3,94E+14 7,43E+15 1,68E+13 3,16E+14
3 6,50E+14 1,23E+16 1,76E+13 3,32E+14
4 1,60E+15 3,02E+16 1,91E+13 3,59E+14
5 5,70E+14 1,07E+16 1,86E+13 3,51E+14
6 4,51E+14 8,50E+15 2,01E+13 3,78E+16
7 2,20E+15 4,15E+16 1,91E+13 3,59E+14
8 4,50E+15 8,48E+16 2,16E+13 4,07E+14
9 4,90E+14 9,24E+15 2,13E+13 4,01E+14
10 3,85E+14 7,26E+15 1,91E+13 3,60E+14
11 7,20E+14 1,36E+16 1,66E+13 3,12E+14
12 6,10E+14 1,15E¥16 1,78E+13 3,36E+14
13 1,30E+15 2)45E+16 1,81E+13 3,41E+14
14 6,00E+15 1,13E+17 1,62E+13 2,87E+14
15 1,90E+15 3,58E+16 1,69E+13 3,19E+14
16 9,60E+14 1,81E+16 1,71E+13 3,23E+14
17 8,30E14 1,66E+16 1,88E+13 3,54E+14
18 8,60E+14 1,62E+16 1,89E+13 3,56E+14
19 7,60E+14 1,43E+16 1,88E+13 3,54E+14
20 1,09E+14 2,05E+15 1,87E+13 3,35E+14
Median 7,40E+14 1,40E+16 1,80E+13 3,50E+14
Standard 1,40E+15 2,70E+16 1,60E+12 3,00E+13
deviation?
Ge|ometrical mean? 8,40E+14 1,60E+16 1,62E+13 3,43E+14
a |The reported data are provided as scientific notation. See B.5.1
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g'assure de I'exactitude du contenu technique de ses<publications, I'lEC ne peut pas étre tenue responsabl

fégionales correspondantes doivent étre<indiquées en termes clairs dans ces derniéres.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.
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Résistance superficielle et résistivité superficielle

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compq
e l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour obje]
avoriser la coopération internationale pour toutes les questions de normalisation-dans les domaineg
électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie)des”Normes internation
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et
buides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peutb participer. Les organisat
hternationales, gouvernementales et non gouvernementales, en liaison.avec I'lEC, participent également
ravaux. L'IEC collabore étroitement avec I'Organisation Internationale Jde Normalisation (ISO), selon
onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'|EC concernant les questions\techniques représentent, dans la mesur
ossible, un accord international sur les sujets étudiés, étant donpé que les Comités nationaux de I'lEC intére
ont représentés dans chaque comité d'études.

es Publications de I'lEC se présentent sous la forme d€ recommandations internationales et sont agrg
omme telles par les Comités nationaux de I'lEC. TousNes efforts raisonnables sont entrepris afin que |

éventuelle mauvaise utilisation ou interprétation qui.en est faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tou
hesure possible, a appliquer de fagon transpakente les Publications de I'lEC dans leurs publications nation
t régionales. Toutes divergences entre {outes Publications de I'lEC et toutes publications nationaleq

'IEC elle-méme ne fournit aucune*attestation de conformité. Des organismes de certification indépend
ournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqueg
onformité de I'lEC. L'IEC n'estwesponsable d'aucun des services effectués par les organismes de certificd
hdépendants.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandata
compris ses experts-particuliers et les membres de ses comités d'études et des Comités nationaux de I'
our tout préjudice~eausé en cas de dommages corporels et matériels, ou de tout autre dommage de que|
ature que ce_soit,*directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
écoulant de Ja-publication ou de l'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'
u au crédit qui lui est accordé.
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L'IEC 62631-3-2 a été établie par le comité d'études 112 de I''EC: Evaluation et qualification
des systémes et matériaux d'isolement électrique. Il s'agit d'une Norme internationale.
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constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)
b)

les descriptions relatives aux montages d'électrodes ont été clarifiées;
de nouvelles descriptions ont été ajoutées pour les matériaux conducteurs;

c) une nouvelle Annexe B informative a été ajoutée; elle récapitule les résultats de I'étude de

vérification comparative sur les résistivités superficielles effectuée avec différents monta
d'électrodes.
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Domaine d'application

présente partie de I'lEC 62631 décrit les méthodes d'essai pour déterminer-la)résista
erficielle et |la résistivité superficielle de matériaux isolants électriques par application d'
5ion continue.

Références normatives

leur contenu, des exigences du présent document. Pour les références datées, sq
ition citée s'applique. Pour les références non datées, lalderniére édition du document
rence s'applique (y compris les éventuels amendements).

60212, Conditions normales a observer avant.et\pendant les essais de matériaux isolz
ctriques solides

62631-3-1, Propriétés diélectriques et réSistives des matériaux isolants solides — Partie

Détflermination des propriétés résistives (methodes en courant continu) — Résistance volumi

et rgsistivité volumique — Méthode générale

IEQ 62631-3-3, Propriétés diélectriques et résistives des matériaux isolants solides — Partie
Détflermination des propriétés|_résistives (méthodes en courant continu) — Résista
d'isplement

3 [Termes et définitions

Pou

L'lS
en

r les besoinsidu présent document, les termes et définitions suivants s'appliquent.

hormalisation, consultables aux adresses suivantes:
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3-3:
nce

[EC Electropedia: disponible a I'adresse https://www. electiropedia.org/

3.1

ISO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

montage d'électrodes
corps électriquement conducteurs placés sur la surface d'une éprouvette

Note 1 a l'article:

Il convient que le montage d'électrodes comporte des procédures afin d'assurer un contact

suffisant avec la surface (au moyen d'une peinture conductrice, par exemple) ou I'utilisation d'un systéme mécanique
approprié qui applique la force de contact nécessaire sur la surface de I'éprouvette, ou les deux.
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1

électrode annulaire
électrode plane circulaire centrale entourée d'une électrode en anneau, espacées l'une de
l'autre

VOI

Note 1 a l'article:

R: Figure 3.

Les systemes d'électrodes de garde décrits dans I'lEC 62321-3-1 ont une forme similaire. Dans

le cas de la résistance superficielle, I'électrode en anneau n'assure pas la fonction de garde. Toutefois, la
fonctionnalité de garde est assurée par I'électrode opposée.

3.172

électrode en forme de lignes

montage d'électrodes constitué de deux lignes paralléles, espacées et appliquées sur lasurface
de |'éprouvette a l'aide d'un matériau conducteur

VOIR: Figure 2.

3.1J3

électrode a lame souple

systéme d'électrodes en forme de lignes constitué de deux lighes paralleles de lames
conductrices souples a bords nets et espacées

VOI|R: Figure 1.

3.2

résjstance mesurée

rapport entre une tension continue appliquée a unrmentage d'électrodes en contact avec pne
éprpuvette et le courant qui traverse les électrodes mesuré avec une précision suffisante

Notg 1 a I'article: Un montage d'électrodes a trois bdrmes peut étre utilisé pour exclure les courants indésiraples
qui fraversent le volume a partir de la déterminationcde la résistance mesurée.

Notg 2 & l'article:  Un pont de Wheatstone peut,€galement étre utilisé pour comparer la résistance mesurée ajune
résigtance normalisée. Toutefois, les ponts de Wheatstone ne sont plus couramment utilisés.

Notd 3 a l'article: Conformément a_I'IEC'60050-121: Electromagnétisme, la "conductivité" (IEV 121-12-03) est
défimie comme "la grandeur scalaire pu.tensorielle dont le produit par le champ électrique dans un milieu est égal a

la d
lors
élec]
com
cong

3.3
rés

res

bnsité de courant électrique”.et\a "résistivité" (IEV 121-12-04) est définie comme "l'inverse de la conduct
ue cet inverse existe". Mesuree ainsi, la résistivité superficielle intégre différents chemins de condu
rique a la surface du matériau ou dans son volume proche, avec la présence éventuelle d'hétérogénéités;
prend I'effet d'éventuels\'‘phénoménes de polarisation au niveau des électrodes. Par conséquent, elle
idérée comme une Valeur moyenne.

stance saperficielle

stance.mesurée entre n'importe quel montage d'électrodes défini dans I'lEC 62361-3-2

ivité
tion
elle

est

nce

Note

ac dAal 3 doc yitilicA 1l Al 1l
Rt ge—aereetroaesSutHsSe—en T

superficielle Ry est exprimée en Q.

Note 2 a Il'article:

la résistance superficielle pendant les mesurages de cette résistance.

3.4

Rsc
résistance superficielle entre des électrodes annulaires
résistance mesurée entre la surface circulaire intérieure d'un systeme d'électrodes annulaires

et!

électrode circulaire en anneau extérieure

Une partie indéterminable de la résistance a l'intérieur du matériau est également incluse dans
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3.5

Rsp
résistance superficielle entre des électrodes en forme de lignes
résistance mesurée entre des électrodes en forme de lignes

3.6

Rse
résistance superficielle entre des électrodes en forme de lignes pour petites plaques
résistance mesurée entre des électrodes en forme de lignes pour petites plaques

3.7

résistance superficielle entre des électrodes en forme de petites lignes
résistance mesurée entre des électrodes en forme de petites lignes

rés|stance superficielle entre des électrodes a lame souple
rés|stance mesurée entre des électrodes a lame souple

3.9
résjstivité superficielle

o/carré

rés|stance superficielle ramenée a un carré

Notg 1 a I'article: La valeur numérique de la résistivité superfiCielle est indépendante de la taille du carré.

Notg 2 a l'article: Les résistances superficielles Rg,, Rgys/ Rge, Rgp €t Rge rapportées par carré sont exprimées
respectivement par Op Ogy Ocs Op et og.

Notg 3 a l'article: La résistivité superficielle estisouvent exprimée en Q par carré, unité non normalisée, pour
indiquer que les dimensions de I'électrode ont &té prises en compte en calculant la valeur spécifique.

Notg 4 a l'article: La résistivité superficiélle est souvent utilisée pour comparer un type de surface caractéristique
d'un|matériau échantillon a ceux d'autres matériaux. Elle peut étre comparée pour des matériaux uniquement sifdes
élecfrodes de dimensions normalisées identiques sont utilisées. Les dimensions recommandées sont donnpées
au §.3.

4 |Signification

Deg matériaux isolants sont en général utilisés pour isoler électriquement les composants d'un
sysféme électrigue les uns par rapport aux autres et par rapport a la terre. Des matéripux
isolants solides peuvent également servir de support mécanique. Pour cette utilisation, il|est
géréralement souhaitable que la résistance d'isolement soit aussi élevée que possible et qu'elle
présente_des propriétés mécaniques, chimiques et de résistance a la chaleur acceptables.

Comme la résistance volumique, la résistance superficielle fait partie de la résistance
d'isolement.

La résistance d'isolement doit étre déterminée conformément a I'lEC 62631-3-3 et la résistance
volumique conformément a I'lEC 62631-3-1.

La résistance superficielle fournit des informations sur les résistances électriques de la surface
des matériaux et des produits. Toutefois, la résistance superficielle, pour sa majeure partie, ne
constitue pas une propriété des matériaux. La résistance superficielle dépend principalement
des parametres de fabrication, des conditions d'environnement, des phénoménes de
vieillissement de la surface, de la pollution, etc.

NOTE En fonction de I'application spécifique, différents montages d'électrodes peuvent étre privilégiés.
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5 Meéthode d'essai

5.1 Généralités

Cette méthode générale décrit des valeurs courantes pour les mesurages d'ordre général. Si le
présent document décrit une méthode pour un type de matériau spécifique, la méthode
spécifique doit alors étre utilisée.

Différents types d'électrodes peuvent étre utilisés en fonction des mesurages spécifiques ou
des besoins du produit. Par exemple, une électrode en forme de petites lignes peut étre
avaMtageuse SUr des Surfaces MCUTVEES. LES electrfodes a tame soupte permettentde reatiser
deq mesurages en appliquant moins de contraintes sur les produits et conviennent mieux pux
malériaux conditionnés avant I'essai. Sauf indication contraire dans une norme de produif, le
montage d'électrodes doit étre choisi en fonction de I'application type.

Si des éprouvettes sont constituées de matériaux (caoutchouc tendre, par exemple) dont|les
dimensions varient de maniére significative sous I'effet de la force appliqué€ par les électrodes,
ces| électrodes ne sont pas appropriées et un autre montage doit étre utilise.

En |I'absence d'informations sur l'application, il est recommandé d'Utiliser des électrodes| en
forme de petites lignes (Rgp).
5.2 Tension

Il cpnvient que la tension de mesure soit préférentielement de 10 Vv, 100 V, 500 V, 1 000 V,
10 pOO V.

Sayf spécification contraire dans la norme de produit applicable, une tension de 100 V doit ¢tre
utiliisée.

Les comités d'études doivent spécifierda'tension d'essai préférentielle lorsqu'ils font référepce
au présent document.

NOTE 1 Les décharges partielles peulent fausser les mesures lorsqu'une tension de seuil spécifique est dépaskée.
Danp I'air, aucune décharge partielle\ne se produit au-dessous de 340 V.

NOTE 2 L'ondulation de la source de tension est importante. Une valeur type pour 100 V est <5 x 107° créte a
créte.

5.3 Matériel
5.3/1 Généralités

Il gonvientsde veiller a ce que la résistance superficielle ne soit pas perturbée par fes
rés|stances parasites paralléeles au montage d'électrodes, par exemple la résistance fes
suppofts d'essai ou de l'isolation des cables.

Pour éviter les erreurs de mesure sur des résistances mesurées supérieures a 1010 Q, des
cables blindés et des armoires de mesure blindées doivent étre utilisés.

Différents montages d'électrodes peuvent étre utilisés pour déterminer la résistance
superficielle et la résistivité superficielle. L'évaluation de la résistivité superficielle dépend du
montage d'électrodes choisi.

NOTE La comparaison des résultats mesurés ne peut étre effectuée qu'entre des mesures obtenues a l'aide des
mémes montages d'électrodes et matériaux conducteurs.
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5.3.2 Exactitude

Tout matériel approprié peut étre utilisé. Le dispositif de mesure doit étre capable de déterminer
la résistance inconnue avec une exactitude d'au moins:

e 10 % pour des résistances inférieures a 1010 Q;
e +20 % pour des résistances comprises entre 1010 Q et 1074 Q; et

e 150 % pour des résistances supérieures a 1014 Q.

NOTE Les exactitudes indiquées ont été confirmées par les résultats d'essai interlaboratoires donnés a I'Annexe B.

5.3|3 Source de tension

Uneg source de tension continue stable est exigée. Cette condition peut étre réalisée parl'emploi
de piles ou d'une alimentation redressée et stabilisée. Le degré de stabilité exigé-est tel que la
varfation de courant liée aux variations de tension reste négligeable par rappdrt‘au courant a
mesurer.

5.3|4 Montages d'électrodes
5.3/4.1 Généralités

Les montages d'électrodes sont constitués d'une combinaisgn)d'électrodes et de matéripux
conducteurs. Les matériaux conducteurs doivent étre <appliqués sur [|'éprouvette avant
d'effectuer les mesurages. Pour les besoins des mesurages, les électrodes sont enspite
plagées en contact avec les matériaux conducteurs appliqués sur I'éprouvette.

NOTE L'Annexe B contient les résultats de I'étude de vérification comparative sur les résistivités superficig¢lles
effe¢tuée avec différents montages d'électrodes.

5.314.2 Montage d'électrodes A — Electrodes a lame souple

Le montage d'électrodes A doit étre constitué de deux bords métalliques tranchants souples
d'umpe longueur de 100 mm avec un espacement de 10 mm, comme cela est représenté a la
Figlire 1.

Augune électrode de garde-r’est utilisée. Les bords métalliques tranchants doivent étre
constitués de lames souples/placées les unes a c6té des autres, espacées d'environ 0,3 mm,
d'ume longueur inférieure ou égale a 5,0 mm et d'une épaisseur égale a 0,3 mm. La forceg de
cothact doit étre suffisamment élevée afin que toutes les lames ou tous les segments repogent
sur|la surface de l/éprouvette, sans I'endommager.

La piece de métal qui exerce la force de contact doit étre recouverte d'une isolation de hdute
qudlité aux‘emplacements ou elle est en contact avec I'éprouvette.
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Dimensions en millimétres
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Figure 1 — Montage d'électrodes A (exemple)

5.3.4.3 Montage d'électrodes B — Electrodes en forme de petites lignes

Le montage d'électrodes B doit étre constitué de deux bornes collectrices en mettant les lames
conductrices en contact avec les matériaux conducteurs sur I'éprouvette, comme cela est
représenté a la Figure 2. Aucune électrode de garde n'est utilisée.

Pour les besoins du montage d'électrodes B, les matériaux conducteurs doivent étre appliqués
sous forme de deux lignes d'une largeur de 1,5 mm et d'une longueur de 25,0 mm, avec un
espacement de 2,0 mm. Les lignes doivent étre appliquées avant le conditionnement.
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Les types de matériaux conducteurs et leurs applications sont décrits au 5.6.4.

IEC
Figure 2 — Montage d'électrodes B{exemple)

5.3|14.4 Montage d'électrodes C — Electrodes annulaires

Le montage d'électrodes C est constitué d'un systé&me’d'électrodes a trois bornes, comme ¢ela
est|représenté a la Figure 3. Les électrodes sannulaires sont appliquées sur un cété|de
I'éprouvette. Une électrode de garde, de dimensions au moins égales a la surface recouverte
par|les électrodes correspondantes, doit étre/placée sur la surface opposée de I'éprouvettq.
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Sayf spécification contraire’ dans la norme de produit applicable, toutes les dimensi
d'éllectrodes peuvent étre-utilisées. Le Tableau 1 fournit des dimensions d'électrodes tyq
Pour les essais comparatifs, le montage d'électrodes C1 est recommandé.

m | diamétre médian de la zone de mesure

Figure.3 —Montage d'électrodes C (exemple)

Tableau.1'- Dimensions d'électrodes types pour le montage d'électrodes C

pns
es.

d dy dy
Montage d'électrodes
mm mm mm
C1 50 60 80
Cc2 76 88 100
C3 25 38 50

Avec le montage d'électrodes C, la résistance superficielle doit étre mesurée entre I'électrode 1
et I'électrode 2. L'électrode 3 doit étre reliée a la terre.

L'un ou l'autre des matériaux conducteurs décrits au 5.6.4 doit étre placé ou peint sur les
surfaces, ou sont placées les électrodes 1, 2 et 3. Les matériaux conducteurs ne doivent pas
étre appliqués sur la surface entre I'électrode 1 et I'électrode 2.

NOTE Dans le cas de matériaux de conductivité limitée et occasionnellement de films d'une épaisseur < 10 ym, la

résistance d'entrée de I'amperemetre est significativement inférieure a la résistance volumique de I'éprouvette.
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4.5 Montage d'électrodes D — Electrodes en forme de lignes

Le montage d'électrodes D doit étre constitué de deux bornes collectrices en mettant les lames
conductrices en contact avec les matériaux conducteurs sur I'éprouvette, comme cela est
représenté a la Figure 2. Aucune électrode de garde n'est utilisée.

Pour les besoins du montage d'électrodes D, les matériaux conducteurs doivent étre appliqués
sous forme de deux lignes paralleles d'une largeur de 1,5 mm et d'une longueur de
(100,0 £ 1,0) mm avec un espacement de (10,0 £ 0,5) mm. Ces matériaux peuvent étre

app
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Le montage d'électrodes E est constitué de trois bornes collectrices, comme cela-est représg

alg

Pol
sou
(50

avant de conditionner I'éprouvette.

Ung électrode de garde, de dimensions au moins égalés a la surface recouverte par

éle

Les

NOT
d'ép

5.4

Sel
effe

Dans le cas des électrodessanhnulaires (montage d'électrodes C) et du montage d'électrodes
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types de matériaux conducteurs et leurs applications sont décrits au 5.6.4.

Figure 4, point B).
r les besoins du montage d'électrodes E, les matériaux conducteurs doivent étre appliq

s forme de deux lignes paralléles d'une largeur de 1,0 mm a 2,0~mm et d'une longueur
0 + 1,0) mm avec un espacement de (5,0 £ 0,5) mm. Ces matériaux peuvent étre appliq

ctrodes correspondantes, doit étre placée sur la surface opposée de I'éprouvette.

types de matériaux conducteurs et leurs applications sont décrits au 5.6.4.

Fouvettes.
Circuit d'essai
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ctués (voir la Figure 4).
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4.6 Montage d'électrodes E — Electrodes en forme de lignes pour petites plaques
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