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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 resistance and surface resistivity

FOREWORD

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

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

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts-are/made to ensure that the technical content of IEC
Publications is accurate, IEC cannot“be ‘held ‘responsiblefor thé“way in which they are used or for any
misinterpretation by any end user.

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

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

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

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

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

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

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

This first edition cancels and replaces the second edition of IEC 60093, published in 1980,
and constitutes a technical revision.

This edition includes the following significant technical changes with respect to the second
edition of IEC 60093:

a) IEC 60093 has been completely revised, both editorially and technically, and incorporated

into the new IEC 62631 series;

b) test methods have been updated to current day state of the art;

c) volume and surface resistance and resistivity are now separated into IEC 62631-3-1 and

IEC 62631-3-2, respectively.
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The text of this standard is based on the following documents:

FDIS Report on voting
112/340FDIS 112/351/RVD

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

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

A list of all parts in the IEC 62631 series, published under the general title Dielectric and
resistive properties of solid insulating materials, can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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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

This part of IEC 62631 covers methods of test for the determination of surface resistance and
surface resistivity of electrical insulation materials by applying DC voltage.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60212, Standard ,conditions for use_prior to _and during the testing of solid electrical
insulating materials

IEC 62631-3-1, Dielectric and 'resistive“-properties “of "solid" insulating materials — Part 3-1:
Determination of resistive properties (DC Methods) — Volume resistance and volume
resistivity — General method"

IEC 62631-3-3, Dielectric and résistive! propeérties 'of -solid’ insulating materials — Part 3-3:
Determination of resistive properties (DC Methods) — Insulation resistance

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

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 an adequate mechanical system applying the
necessary contact force to the test specimen’s surface.

3.11

spring loaded electrodes

line electrode system using two parallel lines of conducting spring tongues with sharp edges,
separated by a gap

3.1.2

line electrodes

electrode arrangement provided by two parallel lines, separated by a gap, applied to the test
specimen’s surface using a conductive material

1 To be published.
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3.1.3
annular electrodes
central circular planar electrode with a surrounding ring electrode separated by a gap

Note 1 to entry: Guarded electrode systems as described in IEC 62631-3-1 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.

3.2

measured resistance

ratio of DC voltage applied to an electrode arrangement in contact with a test specimen to the
current between them measured with sufficient precision

Note 1 to entry: A three terminal electrode arrangement may be used to exclude undesired volume currents from
the determination of the measured resistance.

Note 2 to entry: A Wheatstone bridge may also be used to compare the measured resistance with a standard
resistor. However, Wheatstone bridges are not commonly used anymore.

Note 3 to entry: According to IEC 60050-121: Electromagnetism, “conductivity” is defined as “scalar or tensor
quantity, the product of which by the electric field strength in a medium is equal to the electric current density” and
“resistivity” as “the inverse of the conductivity when this inverse exists”. Measured in this way, the surface
resistivity is an average of the resistivity over possible heterogeneities in the volume incorporated in the
measurement; it includes the effect of possible polarization phenomena at the electrodes.

3.3

surface resistance

Rs

measured resistance between any electrode‘arrangement defined by this standard

Note 1 to entry: Dependent on the electrode arrangement used it is designated as Rg,, Rgg, Rgc, Rgp OF Rge with
surface resistance, Rq expressed by the unit Q.

Note 2 to entry: An indeterminable part of the resistance. inside.thematerial is alsorincluded in surface resistance
during measurement of this resistance.

3.4
surface resistance between spring loaded electrodes

R
SA
measured resistance between spring loaded electrodes

3.5
surface resistance between small line electrodes

Rsp
measured resistance between small line electrodes

3.6
surface resistance between annular electrodes

Rsc
measured resistance between the inner circular area of an annular electrode system and the

outer circular ring electrode.

3.7
surface resistance between line electrodes

Rsp
measured resistance between line electrodes

3.8
surface resistance between line electrodes for small plates

Rsg
measured resistance between line electrodes for small plates
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3.9

surface resistivity

o

surface resistance Rgp, Rgp, Rgc Rgp Of Rgg referred to a square, expressed as o,, o, o, o,
and o, respectively

Note 1 to entry: Surface resistivity o, o and o is expressed by the unit Q.

Note 2 to entry: Surface resistivity is often also expressed by the non-standardized unit Q per square, to show
that the electrode dimension has been taken into account by calculating the specific value.

Note 3 to entry: It can be compared for materials only if identical dimensions of the electrodes are used.
Recommended dimensions are given in 5.3.

4 Significance

Insulating materials are used in general to electrically isolate components of an electrical
system from each other and from earth. Solid insulating materials can also provide
mechanical support. For these purposes it is generally desirable to have the insulation
resistance as high as possible, consistent with acceptable mechanical, chemical and heat
resistance properties.

Surface resistance is, as volume resistance, a part of the insulating resistance.

Insulating resistance shall be determined,according to,lEC,62631-3-3;and volume resistance
according to IEC 62631-3-1-

Surface resistance supplies information on the electrical ‘resistances on the surface of
materials and products. The surface resistance also permits monitoring of changes in the
resistance by external effects. Surface resistance,~however, for its major part is not a material
property. Surface resistance“depends ' “mainly “on°"’processing ‘parameters, environmental
conditions, surface ageing phenomena and polution; ete.

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

5 Method of test

5.1 General

This general method describes common values for general measurements. If a method for a
specific type of material is described in this standard, the specific method shall be used.

Different types of electrodes can be used, dependent 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 typical application.

If test specimen are made from materials (e.g. soft rubber) changing their dimensions
significantly when applying force by electrodes on them, these electrodes are not applicable
and an alternative arrangement shall be used.

If no information about the application is available, small line electrodes (Rgg) are
recommended.
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5.2 Voltage

The measuring voltage shall preferably be
10 Vv, 100 V, 500 V, 1 000 V and 10 000 V.

Other voltages may be applicable. If not otherwise stipulated, a voltage of 100 V shall be
used.

NOTE 1 Partial discharges can lead to erroneous measurements when a specific inception voltage is exceeded.
In air, below 340 V, no partial discharges will occur.

NOTE 2 The ripple of the voltage source is important. A typical value for 100 V is <5 x 10°% peak to peak.
5.3 Equipment
5.3.1 General

Care should be taken that the surface resistance is not negatively influenced by parasitic
resistances parallel to the electrode arrangement, such as the resistance of test supports or
cable isolation.

To prevent measuring errors for measured resistances higher than 10" 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.

5.3.2 Accuracy

Any suitable equipment can be used,/The:measusing:device shall be capable of determining
the unknown resistance with an overall accuracy of at least

e 110 % for resistances below 1010 O,

e 120 % for resistances between 1010 Q and 1014 Q,

e 150 % for values higher than 1014 Q.
5.3.3 Voltage source

A source of very 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 arrangement A — Spring loaded electrodes

The electrode arrangement A shall consist of two flexible metal knife-edges with a length of
100 mm and a gap distance of 10 mm apart as shown in Figure 1.

No guard electrode is used. The metal knife-edges shall consist of individual spring tongues
arranged next to each other about 0,3 mm apart and each with a length not exceeding 5 mm
and 0,3 mm thick. The contact force shall be high enough so that all tongues or segments rest
against the surface of the test specimen, but without damaging the surface.

A piece of metal exerting the contact force should be applied with high-grade insulation where
in contact with the specimen.
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Figure 1 — Electrode arrangement A (example)

5.3.5 Electrode arrangement B — Small line electrodes

Electrode arrangement B shall consist of two adhering line electrodes. No guard electrode is
used. For this purpose, two 1,5 mm wide lines with a length of 25 mm and a gap distance of
2 mm apart shall be applied, e.g. with conductive silver. They shall be applied before the
conditioning. The lines shall be contacted using a two terminal

arrangement with conductive blades in attach to them (see Figure 2).

IEC

collector electrode
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IEC

Figure 2 — Collector electrode for electrode arrangement B

5.3.6 Electrode arrangement C/— Annular electrodes

Electrode arrangement C is a three<erminal electrode 'system, as shown in Figure 3. On one
side of the test specimen, annular electrodes are applied. The opposite surface of the test
specimen is to be covered by a guard-electrode;, not; smaller than the area covered by the
corresponding electrodes. Adhesive electrodes can.beapplied before.the conditioning (see
5.6.3).

Key

1 specimen

— a— 1 o electrode 1
CRRKKIKK KR

2

3 measuring area
4 electrode 2
5

electrode 3 (guard electrode)

IEC

Figure 3 — Electrode arrangement C

Any electrode dimension can be used, unless otherwise stipulated. Typical electrode
dimensions are given by Table 1. For comparison tests, electrode arrangement C1 is
recommended.
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