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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EVALUATION AND QUALIFICATION
OF ELECTRICAL INSULATION SYSTEMS

FOREWORD

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

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

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

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

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

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

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

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

9) 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 60505 has been prepared by IEC technical committee 112:
Evaluation and qualification of electrical insulating materials and systems.

This fourth edition cancels and replaces the third edition, published in 2004, and constitutes a
technical revision.

The main change with respect to the previous edition is the addition of a Glossary in the form
of Annex A to this standard.

The text of this standard is based on the following documents:

FDIS Report on voting
112/174/FDIS 112/184/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.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

The contents of the corrigendum of March 2017 have been included in this copy.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct

understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The life of an electrical insulation system (EIS) or systems frequently determines the life of
electrical equipment which can be affected by electrical, thermal, mechanical or
environmental stresses acting either individually or in combination.

Intended, estimated or proven service life times are essential parameters for describing the
life of electrical insulation systems. In the early days of electrotechnical engineering, life
figures were rather vague. The limitation of the life of the insulation under thermal stress was
one of the first indicators of the effect of ageing in some equipment in service. As experience
in using EIS increased, it was appreciated that there was a need to select specific materials
having satisfactory life time at a given temperature, to enable the required service life to be
achieved and to allow for the calculation of the thermal capability of equipment.

The user of this standard may evaluate existing test methods and provide correlation with his
equipment. Therefore, the user of this standard is responsible for demonstrating the validity of
the existing test method in accordance with the principles of this standard.

The determination of the prospective life is a fundamental task when developing and
designing an EIS. Estimated service life of an EIS needs to be established for several
reasons:

— for type testing when introducing a new EIS into production;

— for quality assurance of production;

— for estimating the life expectancy of new equipment;

— for estimating the remaining life for maintenance purposes.

“Ageing” focuses on the mechanisms affecting the EIS performance. “Evaluation” links these

potential mechanisms by “Analysis” and “Diagnostics” to the design of a specific kind of
evaluation test procedure.

The keyword structure below meets such requirements and allows an easier choice of the
parts of interest.
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EVALUATION AND QUALIFICATION
OF ELECTRICAL INSULATION SYSTEMS

1 Scope

This International Standard establishes the basis for estimating the ageing of electrical
insulation systems (EIS) under conditions of either electrical, thermal, mechanical,
environmental stresses or combinations of these (multifactor stresses).

It specifies the principles and procedures that shall be followed, during the development of
EIS functional test and evaluation procedures, to establish the estimated service life for a
specific EIS.

This standard should be used by all IEC technical committees responsible for equipment
having an EIS.

2 Normative references

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

IEC 60216-2, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria

IEC 60216-3, Electrical insulating materials — Thermal endurance properties — Part 3:
Instructions for calculating thermal endurance characteristics

IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

IEC 60493-1, Guide for the statistical analysis of ageing test data — Part 1: Methods based on
mean values of normally distributed test results

IEC 60544-1, Electrical insulating materials — Determination of the effects of ionizing radiation
— Part 1: Radiation interaction and dosimetry

IEC/TS 61251, Electrical insulating materials — AC voltage endurance evaluation -
Introduction

IEC 62539, Guide for the statistical analysis of electrical insulation breakdown data

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.1 General terms

3.11

electrical insulation system

EIS

insulating structure containing one or more electrical insulating materials (EIM) together with
associated conducting parts employed in an electrotechnical device

3.1.2

electrical insulating material

EIM

material with negligibly low electric conductivity, used to separate conducting parts at different
electrical potentials

[IEC 60050-212:2010, 212-11-01, modified]

3.1.3

reference EIS

established EIS evaluated on the basis of either a known service experience record or a
known comparative functional evaluation

3.1.4

candidate EIS

EIS under evaluation to determine its service capability (with regard to electrical, thermal,
mechanical, environmental or multifactor stresses)

3.1.5
intended life
design life of an EIS under service conditions

3.1.6

estimated life

expected service life derived from either service experience or the results of tests performed
in accordance with appropriate evaluation procedures, or both, as established by the
responsible organization or technical committee

3.1.7

evaluation

establishment of relationships between service requirements and life data obtained from
service experience analysis or from the results of functional tests

3.2 Terms related to service stresses and ageing

3.21

ageing stress

electrical, thermal, mechanical or environmental stress whose action on an EIS causes
irreversible property changes

3.2.2

potentially destructive stress

stress in service which can cause the failure of the aged EIS, alone or in combination with
other stresses

3.2.3

service conditions

combination of stresses and duty that are to be expected in a specific application of an
electrical device
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3.24

reference operating conditions

service conditions of the equipment to which the test conditions of the functional test
procedure are related

3.2.5
service requirements
specified stresses, intended performance and duty of an electrical device

3.2.6
service experience
the quantitative and/or qualitative record during service, with or without failure of an EIS

3.2.7
ageing
irreversible changes of the properties of an EIS due to action by one or more stresses

NOTE 1 Some changes (e.g. hydrolytic changes) can be partly reversible if the ambient conditions change.

NOTE 2 Ageing leads to degradation of the EIS.

3.2.8

intrinsic ageing

irreversible changes of fundamental properties of an EIS caused by the action of ageing
factors on the EIS

3.2.9

extrinsic ageing

irreversible changes of properties of an EIS caused by action of ageing factors on
unintentionally introduced imperfections in the EIS

3.2.10

interaction

modifications of the type or degree of ageing produced by the combination of two or more
stresses relative to their ageing effect if acting individually on separate objects

3.2.11

direct interaction

interaction between simultaneously applied stresses that differs from that occurring with
sequentially applied stresses

3.2.12

indirect interaction

interaction which occurs between simultaneously applied stresses, which remains unchanged
when the factors are applied sequentially

3.3 Terms related to testing

3.3.1
functional test
procedure to obtain information about the suitability of an EIS under specified conditions

3.3.2

test object

sample of original equipment or part thereof, or model representing the equipment completely
or partially, including the EIS, to be used in a functional test
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3.3.3

accelerated ageing

ageing resulting of an increase in the level and/or frequency of application of the stress
beyond normal service conditions

3.34
accelerated test
functional test applying accelerated ageing to shorten testing time

3.3.5
conditioning

subjecting a specimen to an atmosphere of a specified relative humidity or complete
immersion in water or other liquid, at a specified temperature for a specified period of time

3.3.6

prediagnostic conditioning

variable or fixed stresses, which can be applied continuously or periodically to an EIS to
enhance the ability of a functional test to detect the degree of ageing

NOTE Prediagnostic conditioning may cause additional ageing.

3.3.7
diagnostic factor
variable or fixed stress which is applied to an EIS to establish the degree of ageing

3.3.8

diagnostic test

periodic or continuous application of a specified level of a diagnostic factor to a test object to
determine whether or when the end-point criterion has been reached

3.3.9
end-point criterion
moment when a system is no longer able to fulfil its service purposes

3.3.10
life
time for a property to reach the end-point criterion for objects in functional tests

3.3.11

test cycle

in a test, repetitive period of application of one or more stresses, either sequentially or
simultaneously, and of diagnostic factors

3.3.12
subcycle
defined period within test cycle

NOTE The subcycle may be, for instance, a period of application of high temperature and humidity for influencing
the system properties, or application of high voltage for diagnostic purposes

4 Ageing

4.1 Ageing mechanism

Ageing is defined as the irreversible changes of the properties of an EIS due to action by one
or more stresses. Ageing stresses may cause either intrinsic or extrinsic ageing. A schematic
representation of the basic process is shown in Figure 1.
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Ageing stresses

Electrical Thermal Mechanical Environmental

Ageing mechanisms

Intrinsic/extrinsic

Electrical Thermal Mechanical Environmental

Direct/indirect interactions

\4
Failure

IEC 1231/11

Figure 1 — Ageing of an EIS

The type and level of contamination and/or the extent of imperfections in an EIS will, in many
types of electrical apparatus, significantly affect the service performance. In general, the
fewer and less severe the contaminant and/or defects in the EIS, the better is its
performance. To avoid obtaining misleading results from functional tests, a candidate EIS
should contain, as far as practicable, the full range of contaminants and/or defects expected
when the actual system is used in service.

The ageing stresses produce electrical, thermal, mechanical or environmental ageing
mechanisms that eventually lead to failure. During ageing, applied stresses, which initially do
not affect the EIS, can cause additional ageing and, as a result, modify the rate of
degradation.

When ageing is dominated by one ageing factor, this is referred to as single-factor ageing.
Multifactor ageing occurs when more than one ageing factor substantially affects the ageing
of the EIS. Ageing factors can act synergistically, i.e. there can be direct interactions between
the stresses. Interactions may be either positive or negative.

The ageing of a practical EIS may be complex and failure is usually caused by a combination
of ageing mechanisms, even if there is only one dominant ageing factor as, for example, in
single-factor ageing.

Where experience or existing knowledge of how a specific EIS will perform in service is
limited, the user of this standard shall decide whether single or multifactor test procedures are
appropriate for his specific equipment or apparatus.

NOTE The classification of the operational environments of electrical equipment is dealt with in IEC publications
prepared by IEC technical committee 75, and methods for environmental endurance testing of electrical equipment
are described in IEC publications prepared by IEC technical committee 50 (notably IEC sub-committee 50B), see
bibliography.

When speaking of environmental effects, this is understood to comprise environments other
than the normal standard laboratory atmospheres specified in IEC 60212.

A number of other standards that provide methods of exposure or characterization of
insulation are listed in the bibliography.
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4.2 Assessment of ageing mechanisms

Figures 2, 3, 4 and 5, present four flow charts which describe respectively in some detail
intrinsic and extrinsic electrical, thermal, mechanical and environmental ageing of an EIS.
Each chart is based on the service experience of different types of EIS and shows possible
mechanisms of deterioration and failure that can occur for the different types of ageing and
the interactions between ageing factors. Although several failure mechanisms are shown, the
charts are not intended to be exhaustive of mechanisms that might be found in actual service
conditions of all equipment. It is important to note that ageing that leads to possible failure is
usually caused by more than one mechanism.

These charts should be used as follows:

a) as a checklist to determine the ageing mechanisms of equipment and apparatus. The
mechanisms can occur sequentially or simultaneously;

b) to develop functional and accelerated ageing tests or test cycles. The magnitudes and
types of applied stresses and their duration will depend upon how they affect the ageing
mechanisms;

c) to develop suitable diagnostic tests or test cycles to assess the condition of the EIS.

Based on knowledge of service experience, operating conditions and the properties of the
components of the EIS under consideration, the user of this standard should select one or
more charts that show the main ageing factor or factors. The various ageing mechanisms that
lead to failure should be carefully examined, taking into account the levels of contaminants
and defects in the EIS. A revised chart, which only includes the relevant ageing mechanisms,
should then be produced as an aid in the development of the functional ageing and diagnostic
test cycles.

If there is insufficient information available concerning service experience and/or the possible
ageing mechanism, then the ageing conditions should be based upon the most severe levels
of stresses expected in service for which the EIS has been designed.
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4.3 Electrical ageing
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Figure 2 — Intrinsic/extrinsic electrical ageing of practical EIS

Electric ageing (either a.c., d.c. or impulse) involves:

a) the effects of partial discharges when the local field strength exceeds the breakdown
strength in the liquid or gaseous dielectric adjacent to, or included in, the EIS;

b) the effects of tracking;
c) the effects of treeing;
d) the effects of electrolys
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e) the effects, related to those above, on adjacent surfaces of two insulating materials where
tangential fields of relatively high value can occur;

f) the effects of increased temperatures produced by high dielectric losses;
g) the effect of space charges.

Figure 2 shows intrinsic/extrinsic electrical ageing where electrical stresses are considered to
be the main ageing factor. Consider the example of a simple EIS consisting of two parallel
plane conductors embedded in an insulating material. Protrusions are known to occur on the
surfaces of conductors, and impurities (e.g., dust particles, etc.) can be included within the
insulation. The accelerated ageing should, therefore, be carried out by using ageing factors
that increase charge injection, for example by high voltage, and the diagnostic tests should be
designed to enable measurement of the effect of the injected charge and/or the partial
discharge characteristics.

In many practical EIS, the electrical ageing process that leads to failure is complex. No rigid
mathematical models have yet been developed which predict fully how the ageing factors
affect the life of an EIS. However, one empirical relationship, the inverse power model, is
often used to relate a.c. and d.c. electrical stress with life. This states that:

LocV™
where
L is the life (time to failure or time to end-point);
V is the voltage;
n is the voltage life exponent.

The inverse power law model predicts a linear relationship between life and voltage when
plotted on log-log graph paper. Other models may be used.

Electrical ageing may also be accelerated by testing at a higher frequency than that
experienced in normal service. The frequency increase shall have been shown to provide no
change of the ageing mechanism, in the stress range, for either the candidate or the
reference system.

In special cases it may be possible to perform electrical endurance tests with stepwise
increasing stress for each test object. It is also necessary to specify a definite mathematical
relationship between stress level and time to failure, as well as a method for reducing test
results to a common time or a common stress level value. Either fixed or increasing stress
levels may be used in cyclic tests.

For data processing and life line presentations, refer to IEC/TS 61251 and IEC 62539.
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4.4 Thermal ageing
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Figure 3 — Intrinsic/extrinsic thermal ageing of practical EIS
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Thermal ageing involves

a) the progress of chemical and physical changes as a consequence of chemical degradation
reactions, polymerization, depolymerization, diffusion, etc.,

b) thermomechanical effects caused by the forces due to thermal expansion and/or
contraction.

The increases in the rate of chemical and physical processes proceeding towards the state of
thermodynamic equilibrium are the major causes of thermal ageing. Many uncomplicated
ageing processes (e.g. first order chemical reactions) follow within restricted temperature
intervals the Arrhenius equation, i.e.:

L =4 exp(-E/kT)

where

L is the life expectancy;

A is a constant;

E is the activation energy;

k is the Boltzmann constant;

T is the thermodynamic temperature.

The expected life at a particular temperature can be found by extrapolation of data plotted
using log life versus 1/T coordinates. For further information, see IEC 60216-3.

The suggested values for the evaluation of the EIS can be selected from those shown in
Table 1. To produce accelerated ageing, a minimum of three temperatures shall be chosen
from the appropriate column in the table for the tests. The lowest temperature shall be
selected such that a failure criterion will be reached after a minimum of 5 % of the intended
service life of the candidate system or a minimum of 5 000 h for the lowest temperature. The
next two highest temperatures shall be chosen at 20 K intervals. If more than three test
temperatures are needed, then 10 K intervals may be used. Preferred ageing temperatures
are listed in Table 1.

NOTE 1 Testing has confirmed that for many EIS, the life is halved for a rise in temperature, which is
approximately constant within a restricted temperature range dependent on the EIM involved. For the majority of
these EIS, the temperature rise halving the life has a value between 8 K to 15 K.

NOTE 2 In some cases, the above test procedure may not be optimal, for instance in the case of short-life
equipment where it may lead to unrealistic high ageing temperatures.

For EIS, where one or more EIM have transition temperatures (e.g. melting, boiling,
crystallization), the maximum test temperature should be below the relevant transition
temperature(s).
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Table 1 — Ageing temperatures

Service
temperatures 55 75 90 105 120 130 155 180 200 220 250
°C

55 75 90 105 120 130 155 180 200 220 250
(Y) (A) (E) (B) (F) (H) (N) (R)

135 155 170 185 200 210 235 260 280 300 330
125 145 160 175 190 200 225 250 270 290 320
. 115 135 150 165 180 190 215 240 260 280 310
Ageing
temperatures 105 125 140 155 170 180 205 230 250 270 300
°C

95 115 130 145 160 170 195 220 240 260 290

85 105 120 135 150 160 185 210 230 250 280
75 95 110 125 140 150 175 200 220 240 270

Thermal class

4.5 Mechanical ageing

Electrotechnical equipment may experience mechanical stresses from many causes during
manufacture, transport, installation and operation. In certain types of equipment the presence,
during operation, of mechanical stresses from electrodynamic, electromagnetic and thermal
forces, has been shown to be one of the main causes of changes in their EIS.
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Figure 4 — Intrinsic/extrinsic mechanical ageing of practical EIS

Mechanical ageing involves

o fatigue failure of insulation components caused by a large number of low-level stress
cycles,

e thermomechanical effects caused by thermal expansion and/or contraction,

e rupture of insulation by high levels of mechanical stress such as can be caused by
external forces or operating conditions of the equipment,

e abrasive wear caused by relative motion between equipment components, Documents
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e insulation creep or flow under electrical, thermal or mechanical stresses,
e presence of other factors,

¢ types of mechanical testing

NOTE These phenomena can be localized and unevenly distributed throughout the volume of the insulation.

In practice, in many EIS, the mechanical ageing processes that lead to failure are complex, as
shown by Figure 4. No rigid mathematical models have yet been developed which predict fully
how the ageing factors affect the life of an EIS. However, one first approach empirical
relationship is the inverse power model,which is often used to relate mechanical stresses with
life:

L oc MM

where
L is the life (time or number of cycles to failure or to end-point criterion);
M is the mechanical stress;

m is the life line exponent.

The inverse power law model predicts a linear relationship between life and voltage when
plotted on log-log graph paper. Other models may be used.

For data processing and life line presentations refer to IEC/TS 61251 and IEC 62539.

4.6 Environmental ageing
The following influences contribute to environmental ageing:

e moisture;

e oxygen;

e chemicals;

e Dbiological agents;

e weathering;

e contaminants;

e radiation;

e aerospace conditions;

. vacuum conditions.

As there may be different mechanisms for environmental ageing (see Figure 5) there are no
general models. When environmental stresses affect chemical reaction rates, then the thermal
ageing model and the Arrhenius equation may be used (see 4.4)
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Figure 5 — Intrinsic/extrinsic environmental ageing of practical EIS

4.7 Accelerated ageing

Application of life models to fit accelerated life tests is to provide quantities for the evaluation
of EIS (or performance under service conditions), particularly in relation to comparative tests
performed on a reference material, of known service performance.

Among the factors that influences accelerated ageing are

e acceleration by frequency increase,

e repetition rate acceleration,
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4.8 Multifactor ageing
Multifactor ageing occurs when more than one ageing stress substantially affects the ageing
of the EIS. Ageing stresses can act synergistically, that means, there can be direct

interactions between the stresses. Interactions may be either positive or negative and
therefore the ageing models can be very complex.

When ageing is dominated by a single stress, then refer to 4.3 to 4.5 for relevant ageing
models.

5 Basic evaluation considerations

5.1 Elements for preparing an evaluation method

The preparation of methods for EIS evaluation requires careful consideration of the elements
shown in Figure 6:

Equipment-EIS — Test —— Model-EIS
object

Y
Actual or simulated

Y

Actual or simulated

service Service service
condition
Y | |
Actual or simulated Life Test life
service

IEC 1236/11
Figure 6 — Elements of evaluation methods

5.1.1 Object

The EIS object can be either a service-proven, a new (candidate) EIS, a component part or a
model of the original electrical equipment. Generally, a maximum of technical information
about the EIS will be advantageous, as such information may be necessary if EIS models are
to be built.

5.1.2 Service conditions

Service conditions for the electrical equipment, of which the EIS forms a part, should be
known, and may be available from the following:

a) the designated stress figures when new equipment and/or an EIS are designed for special
service conditions, including environment and duty;

b) service records when a service-proven EIS has to be evaluated. Stress levels may then be
defined by stress intervals or by reported maximum stress limits related to duty figures
indicating the stress-time relation;

¢) the known service conditions of a reference system that has already been qualified on the
basis of service records and to which a candidate EIS will be compared by parallel
functional testing under comparable or even equal service conditions.

NOTE Accelerated testing requires verification of identical or equivalent ageing mechanisms compared to the
mechanisms under operating service conditions.
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5.1.3 Life values

Life values are related to EIS, service conditions, and user considerations. They shall be
available as one of the following variants:

a) EIS service time to failure (end-of-life defined by end-point criterion);
b) functional test life of EIS to end-point criterion, with or without test acceleration.

NOTE The knowledge of the failure rate of any system is fundamental for system reliability inference.

5.2 Types of evaluation procedures

Depending on what source supplies the necessary data for the evaluation of a candidate EIS,
three types of procedure are distinguished (see Figure 7). When selecting the test procedure,
the user of this standard may use the flow chart in Figure 1, which presents, from left to right,
a sequence of "performances” with decreasing influence of direct service experience and
increasing influence of defined service conditions.
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IEC 1237/11
Figure 7 — Type of evaluation procedure
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5.3 Choice of the test object

The choice of the test object can influence the test results and will also influence the cost of
functional evaluation. The flow chart of Figure 8 demonstrates the criteria for the choice.

| EIS design |

Single material/ '
simple combination
Stress depends on Small equipment?
geometric shape?

y

MATERIAL MODELS EQUIPMENT

IEC 1238/11
Figure 8 — Selection of test object

Depending on the size of the object and other practical considerations, a functional test on
equipment, components or models can be used. If a “simple” EIS contains a single EIM or a
simple combination of materials that has been thermally evaluated as a single EIM, and the
stress distribution is independent of the insulating part’s shape or size, the EIS life may be
derived by means of appropriate EIM endurance tests. The user of this standard should
decide when such simplified procedures are appropriate.

5.4 Experimental test procedures

In functional testing, with or without a reference EIS, the test objects are submitted to
specified ageing stress schedules, usually in stress cycles, to simulate service ageing.
Diagnostic procedures are periodically applied to establish its progress. The complexity of the
test influences the required test effort and cost. The flow diagram of Figure 9 points to three
different types of tests, with increasing effort from left to right. The criteria are the number of
ageing factors, the test object and possible interactions between stresses.
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Figure 9 — Establishing the test method

5.5 Conclusions for standardization practices

Figure 8 and 9, will help the user of this standard to decide about the cases to be considered
before starting development of standards for EIS evaluation.

Possible cases include the following:
a) service experience data are available for direct evaluation; requires the formulation of
special rules about the necessary information and how to analyse it;

b) a simplified life test on an EIM; may be used when existing material test procedures are
available for the candidate EIS;

c) comparative functional testing using a model or part of the equipment as the test object;
requires analysis of the ageing mechanisms under simulated service conditions in order to
decide on the appropriate type of test.

In principle, comparative functional testing is possible without detailed knowledge of the
ageing mechanisms. The essentials of functional testing are knowledge of the acting service
stresses, their correct simulation and maintenance of the equivalence of the ageing effects.

6 Functional ageing tests

6.1 Test objects
6.1.1 Construction of test objects

Test objects shall be either complete units that incorporate the EIS or shall be models,
constructed to adequately represent the configuration of the finished component to be
evaluated. All objects shall be subjected to the full normal or intended manufacturing
processes as far as is practicable. Where components that will use the candidate EIS have
mechanical attachments in service that are considered to influence the ageing processes,
these shall be simulated on the test object.
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Test objects that include several internal conducting component parts that will have electric
stress applied between them, either during the ageing or the diagnostic subcycle, shall be
designed and constructed to enable verification of the ageing effect.

6.1.2 Number of test objects

Where feasible, a minimum of five test objects shall be aged for each of the electrical,
thermal, mechanical, environmental or multifactor stress combinations included in the evaluation
programme.

NOTE As a minimum number of five samples is required to reach the end-point criterion, to obtain statistically
significant results, it may be necessary to include more than five samples in each sub-test.

6.1.3 Quality assurance tests

Before starting the first ageing subcycle, a visual inspection and all normal product quality
assurance tests shall be carried out on all test objects.

6.1.4 Preconditioning subcycle

If appropriate, test objects should be preconditioned to better represent the condition of the
EIS in service.

6.1.5 Initial diagnostic tests

Each test object shall be subjected to the diagnostic tests selected for the evaluation
procedure before starting the first ageing subcycle.

6.1.6 Reference EIS

A reference EIS shall be tested using the same test procedure as that used for the candidate
EIS, in the same laboratory, using the same type of test equipment. The performance of the
reference EIS shall have been established either by service experience under typical
operating conditions, or by appropriate functional testing in the range of the reference
operating conditions.

6.2 Test conditions
6.2.1 Continuous and cyclic testing

Functional tests may be performed as a continuous ageing test if the end-point criterion is
given as time to electrical or mechanical failure or breakdown, either at ageing stress level or
caused by a continuously applied diagnostic stress. Alternatively, a fixed time test followed by
either a breakdown or other diagnostic test can be appropriate.

More universally applicable are cyclic life tests composed of a repeated sequence of different
ageing and diagnostic subcycles. This sequence of functional tests permits the application of
either single or multifactor ageing tests with a minimum of unintended interference between
different ageing factors and mechanisms.

The seasonal and daily variations of the outdoor environment result, to a higher or lower
degree depending on the level of protection, in corresponding cyclic variations of the
environmental conditions at the location of the equipment insulation.

In the absence of complete encapsulation, the risk of periodic condensation ought always to
be considered. The "breathing" caused by periodic temperature variations may cause a
unidirectional motion of particulate contamination from the outside to the inside of equipment
that is not hermetically enclosed.
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When these effects are simulated in functional tests, acceleration may be obtained through
reduction of the cycle duration. A limitation is, however, given by the thermal inertia and
diffusion constants of the test object and its parts.

6.2.2 Levels of test stresses, ageing factors and diagnostic factors

Test stress conditions shall consider the most severe overall stress conditions experienced in
service for which the EIS is designed. These conditions need not occur necessarily at the
maximum values of the individual stresses. The reference operating conditions shall be
clearly defined for the evaluation procedure and the levels and types of diagnostic factors
shall be pertinent to these reference operating conditions.

Stress levels for the ageing subcycles shall be selected so that the mechanisms of ageing are
not significantly different from those operating at the most severe stress levels in normal
service. Increasing the stress level to accelerate ageing, may be permissible when it does not
significantly change the ageing mechanism.

NOTE Knowing the ageing mechanism is fundamental to establish which stresses are predominant and to refer to
them to design a functional test and choose the appropriate ageing models.

Multifactor ageing tests are preferred as they best simulate normal service. When this
procedure is not adopted, then either a sequential subcycle or a programme of single stress
subcycles should be used.

Following each ageing subcycle, a conditioning subcycle and a diagnostic subcycle shall be
performed where necessary. Failure of any part of the test specimen during a diagnostic test
constitutes failure of the whole system and shall be reported as such. Electric stress shall be
used as the main diagnostic factor in assessing the condition of the aged test objects. On low-
voltage equipment it is often necessary to include a pre-diagnostic procedure to ensure that
the electric stress, used as the diagnostic factor, helps to detect weaknesses developed
during the ageing cycle.

6.3 Determination of EIS service life
6.3.1 Extrapolation of life test results

Results from testing performed at a minimum of three elevated stress levels may allow
extrapolation of the stress-life-function into the range of the intended service stresses. For
optimal extrapolation the coordinates of the graphical diagram of the stress/life function
should be selected, whenever possible, such that a linear stress/life diagram is achieved. The
degree of extrapolation should not exceed two orders of magnitude on the time scale of the
log time plot.

For electrical, thermal and mechanical ageing, mathematically formulated laws of life are
presented in 4.3, 4.4 and 4.5, respectively.

6.3.2 Comparison of life test data

Valid comparison testing of candidate and reference EIS requires that both systems be tested
according to 6.3.1. When comparing these results, the candidate EIS may be considered an
acceptable alternative if the life obtained, at selected stress levels, is comparable to or better,
than the one obtained for the reference EIS.

NOTE 1 Comparable or better may mean, e.g. that the 95 % lower confidence bound of the candidate EIS falls
within or above the 95 % confidence interval of the reference EIS.

NOTE 2 The significance of the test result can be assessed by means of statistical analysis (see e.g. IEC 60216-5
for thermal ageing).
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This will then justify the declaration: “Candidate EIS-service life is expected to be either equal
to or greater than the experienced service life of the reference EIS for the specified
conditions”.

6.4 Diagnostics
6.4.1 Diagnostic tests — End point criteria
The user of this standard responsible for evaluation of an EIS for a specific type of equipment

shall define the end-point criteria in either absolute or relative terms (e.g. for thermal
evaluation, see IEC 60216-2 and IEC 60216-3).

The fundamental requirement for the diagnostic test procedure is that it shall include the
specification of an end-point. The endurance test procedure may be cyclical or continuous,
depending on the required diagnostic tests and ageing complexity, as depicted in Table 2.

Table 2 — Cyclical and continuous procedures

Case number 1 2 3 4 5 6
Procedure: Cyclical Continuous
Single factor ageing Yes No No No Yes No
Mult.i-factor simultaneous No Yes No No No Yes
ageing
Multi-factor sequential ageing No No Yes Yes No No
Diagnostic tests Yes Yes Yes No No No

Cyclical procedures, cases 1 to 4 in Table 2, are suitable when other than ageing stresses are
expected to cause failure, or when the ageing stresses are being applied sequentially. They
usually consist of several test cycles, each cycle being composed of subcycles.

— The ageing subcycles, conducted at elevated stress levels, serve to age the insulation on
an accelerated basis. The degree of acceleration is selected in relation to the service
stress level of the ageing factor.

NOTE In such cases when exceptional ageing stress levels occur in service more or less regularly (for example
overload periods, raising the temperature appreciably), the ageing subcycle may be divided correspondingly into
periods of lower and higher stress levels.

— After each ageing subcycle, the test specimens are subjected to a diagnostic test
subcycle (except for case number 4 of Table 2), which may include voltage tests, partial
discharge tests, mechanical stress tests, exposure to humidity or chemicals and other
diagnostic tests. Some ageing stresses may not directly cause failure, whereas some (for
example voltage) can, when acting simultaneously as ageing and diagnostic factors.

The extent and severity of the diagnostic tests should correlate with actual or expected
potentially destructive stresses. For this purpose, guidelines are given in 4.3.2 that enable the
user of this standard to select the appropriate test procedure. When feasible, the equipment
technical committee may select the relevant test procedures to be used in its domain.

Continuous procedures, case numbers 5 and 6 in Table 2, are suitable when the ageing
factor, or several ageing factors in combination, are expected simultaneously to be the most
important failure-causing factor. The end-point may be the detection of a physical weakness
that has developed during the period. It may also be an event or condition, such as failure
during a diagnostic treatment or attainment of a limiting value of a specific property. The end-
point may be characterized either by a single condition (e.g. level X of property A), or by one
of several alternatives (e.g. level X of A or level Y of B, etc.) or it may be given as a combined
condition (e.g. level X of A and level Y of B, etc.).

Typical criteria are given below: Documents
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a) high-voltage proof tests at N times the normal service voltage (where N is either 1,5; 2; 3
or 4);

b) impulse or surge proof test at § times the normal maximum service level (where S is
either 1; 1,5; 2 or 3);

c) percentage increase in incremental loss tangent, partial discharge level, etc., above the
value for the system before ageing at a defined voltage or over a given voltage range;

d) appearance of partial discharge (e.g. in solid organic insulation);
e) leakage current above value before ageing at a defined voltage and temperature;

f) percentage loss of a selected property.

6.4.2 Additional specific tests

Additional diagnostic tests may be necessary to define the end-point criteria of specific
equipment or apparatus. When doing this, all information available from stress analysis,
properties of the insulation, and failure analysis, shall be used as well as from typical
operating conditions. The decision on whether to include a more comprehensive diagnostic
shall be decided by the user of this standard.

6.5 Analysing the data

The specific rules for analysing the test data obtained from either single or multifactor stress
evaluation programmes shall be the responsibility of the user of this standard. The level of
complexity will be dependent on the type of apparatus for which the EIS has been designed. If
design service parameters of the candidate EIS indicate stresses higher than those of the
reference EIS, then functional tests of the candidate EIS shall reach the same EIS test-life as
the reference EIS at the lower level. Analysis of the data should be carried out in accordance
with Clauses 4 and 5.

For data processing and life line presentations, refer to IEC/TS 61251 and IEC 62539.

6.6 Test report
The test report should include:

a) identification of the applicable evaluation standard;
b) description of the EIS, including manufacturing of the specimens;

c) description of the service experience concerning the reference system, including
interactions (when necessary);

d) identification of model, if used; or of type of coordinate system used for life data;
e) reference operating conditions;

f) description of any preconditioning or pre-ageing used;

g) ageing stresses and their levels and acceleration in the tests;

h) test sequence and duration and number of samples;

i) diagnostic treatments, tests and measurements;

j) end-point criteria selected;

k) ageing curves (to confirm whether or not the candidate EIS may be accepted, the
procedure for checking the linearity of the test data, specified in IEC 60493-1, shall be
carried out);

I) times to reach the end-points, individual values and medians and statistical treatment
when feasible;

m) summarized conclusion of the new system in comparison to the reference EIS.
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Annex A
(informative)

Glossary

A.1  General remark
This glossary contains terms and definitions taken from various sources.

All illustrations given in this annex are reproduced with the permission of the authors as cited
below.

A.2 Abrasion

Erosion of material from a solid surface by the action of another material. Abrasion can be
measured as loss of mass by the Taber abrasion test according to ISO 9352 or ASTM D 1044.

Example below, Figure A.1 and A.2: During the process of magnet wire manufacturing, the
transfer machine tool is causing abrasion of the wire surface, like a capstan, resulting in
surface failure.

ey

IEC 1240/11 IEC 1241/11

Figure A.1 — Surface abrasion damage Figure A.2 — Surface enamel peeling
like string

References — Figures A.1 and A.2
SAKANO, T., unpublished pictures.
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A.3 Absorption (chemical)

A physical or chemical phenomenon or a process in which atoms, molecules, or ions enter
some bulk phase — gas, liquid or solid material. This is a different process from adsorption,
since the molecules are taken up by the volume, not by surface. A more general term is
“sorption” which covers adsorption, absorption, and ion exchange.

A.4 Absorption (dielectric)

Dissipation of electrical energy into thermal energy in a dielectric.

A.5 Absorption current (including electrical absorption)

The absorption current is the transient current, associated with the polarization mechanisms,
that appears in a dielectric when a step voltage is applied. Indeed, applying a DC voltage to a
dielectric specimen between two electrodes, the total current which flows, i, presents three
components:

I=10j+ic +igps
where
i, is the charging current, associated with a change in the electric field amplitude;
i is the conduction current, that is measurable in the steady state;

iyps IS the absorption current, related to polarization and decreasing exponentially with very

slow decay time.

The absorption current can be measured through DC charging/discharging current tests,
using, as an example, the measurement set-up shown in Figure A.3 and preparing the
insulating sample as shown in Figure A.4. Charging/discharging current on high-density
polyethylene (HDPE) is shown in Figure A.5.

R .
— |, | Switch HVY sid Metallization LV sig
side
/r—l side
. 1
DC C T ., m >> D |D;| Dy
power _ \/
supply Test cell
D,
= e
= |
Picoamperemeter IEC 1243/11
IEC 1242/11
NOTE Metallization is necessary to connect the sample
to the electrodes.
Figure A.3 — Scheme of the measurement Figure A.4 — Example of sample preparation

set-up for the charging/discharging current
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Figure A.5 — Charging/discharging current on HDPE film
References — Figures A.3, A.4 and A.5

CLARK, Frank M., Insulating Materials for Design and Engineering Practice, J. Wiley & Sons,
1962 (Figure A.3)

MONTANARI, G.C., MAZZANTI, G., PALMIERI, F., MOTORI, A. Investigation of charge
transport and trapping in LDPE and HDPE through space charge and conduction current
measurement, ICSD, June 2001, pp. 97-100

A.6 Adsorption

An increase in concentration of any component at the surface of a liquid or solid. Attachment
of a gas, liquid or dissolved substance to a solid surface.

A.7 Ageing

Irreversible changes of the properties of EIS (electrical insulation system), that accumulates
with time, due to action of one or more stresses.

A.8 Ageing (mechanical, thermal, electrical, environmental)

Irreversible changes of the properties of EIS (electrical insulation system), that accumulates
with time, due to action of thermal, electrical, mechanical, environmental stresses.

Any property p, which has have a time trend correlated to the ageing state of the EIS (e.g.
increasing as the electrical loss angle, or decreasing as the dielectric strength), is called
diagnostic property or ageing marker.

When p reaches, under a given value of stress §;, a certain value, known as end point p, the
EIS has reached the end of the corresponding life L; (see Figure A.6). The life line, intended
as the time-to-failure (or time to maintenance) of the EIS, is generally plotted on a log-log
graph for electrical and mechanical stresses, in a semilog graph, or Arrehenius graph, for
thermal stress. The arithmetic mean or median point for each electrical ageing stress,
obtained by having selected an end point value for the property P (see Figure A.7), may
constitute the life line plot. Any failure time percentile can be used however.
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IEC 1245/11

Figure A.6 — Property versus time behaviour, detection of threshold
(end point, p; ) and maintenance time

P A

>
»
t

IEC 1246/11

Figure A.7 — Correspondence between the ageing plots of the property p (in red),
obtained at different stress levels, and the resulting life line

References — Figures A.6 and A.7

DISSADO, L.A., FOTHERGILL, J. C., Electrical Degradation and Breakdown in Polymers,
Peter Peregrins, London, 1992 (Figure A.6)

MONTANARI, G.C., Insulation Diagnosis of High Voltage Apparatus by Partial Discharge
Investigation, 8th International Conference on Properties and applications of Dielectric
Materials, 2006, June 2006 Page(s):1 — 11 (Figure A.7)

A.9 Bulk

Intrinsic volume — the main mass or body; the largest or principal portion. Some
measurements such as resistance or dissipation factor (tan delta) give values of the bulk
properties of the insulation.

A.10 By-product

A substance that is produced during the process of making, using or destroying an object, e.g.
when burnt, plastic produces dangerous by-products.
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A.11 Cavity

A small void or space inside a material.

A.12 Charge injection

The process by which charge carriers are forced to move into an insulating material, generally
from the electrodes, under the effect of an electric field. Charges have to overcome a
potential barrier to be injected. The injection mechanism is strongly affected by the electrode-
insulator interface properties, and thus by the electrode-insulator contact, the temperature,
the electric field amplitude and the polarity. The injected charge can be measured by various
techniques, such as pulsed electro-acoustic method (PEA), laser-induced pressure pulse
(LIPP), etc. An example of a charge injection is shown in Figure A.8.

Space charge
color scale

(Cim®)

Distance from the

cathode (um) A Space charge pattern

2% 10"

Injection of 100 + 1
positive ! _—'—-—..__q\ 1,5x10
carriers - Anode 1x1 01
5x 10

0
Cathode —5x10°

~1x10’

N ~1,5x 10"
Polarization —2x10"
Time (s)

Injection of
negative 0
carriers

T
0 10 100 1000

IEC 1247/11
Figure A.8 — Example of charge injection of positive carriers (holes) from

the anode and of negative charge carriers (electrons) from the cathode in a PE flat
specimen, detected by space charge measurement performed by PEA method

References — Figure A.8

DISSADO, L.A., FOTHERGILL, J.C. Electrical Degradation and Breakdown in Polymers, Peter
Peregrins, London, 1992

MONTANARI, G.C., The electrical degradation threshold of polyethylene investigated by
space charge and conduction current measurements, |IEEE Trans. on Diel. El. Insul., Vol. 7,
No. 3, pp. 309-315, June 2000

MONTANARI, G.C, Dielectric material properties investigated through space charge
measurements, |IEEE Trans. on Diel. El. Insul., Vol. 11, pp. 56-64, 2004

BOUFAYED, F., TEYSSEDRE, G. LAURENT, C., LE ROY, S., DISSADO, L.A., SEGUR, P,
MONTANARI, G.C., Models of bipolar charge transport in polyethylene, Journ. Appl. Phys.,
Vol. 100, pp. 104105.1-10, 2006

A.13 Compressive stress

Force that acts on a material in such a way that it tends to compress the material in the
direction of the force.

Compressive stress (o) = Compressive force (F)/Original cross-secticna! areD@f.:uments
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Compressive force is opposite to tensile force.

The compressive strength of a material is the value of uniaxial compressive stress reached
when the material fails completely (red point on curve). A stress—strain curve would look
similar to the curve shown in Figure A.9:

% Cross sectional R
area (4) s
=3
[}
[%]
o
n
A -
L— Strain
Force (F)

IEC 1248/11
Figure A.9 — Stress-strain curve for a typical material

e Yield point defines the end of the linear region.
e Below yield point 0 = E¢ (Hooke’s law) where E is the Young's Modulus for compression.

e Above yield point material behaves plastically and will not return to its original length
once the load is removed.

o Measured in units of Pascals.

References — Figure A.9
IEC 60371-2, Specification for insulating materials based on mica — Part 2: Methods of test

IEC/TR 62039, Selection guide for polymeric materials for outdoor use under HV stress

A.14 Conduction current

Applying a voltage step to a dielectric between two electrodes, a current flows which has
three components: the charging current, that represents the fast response associated with a
change in the electric field amplitude, the absorption current, associated with the polarization
transient and the conduction current, which represents the steady state of the current
depending upon the applied field and temperature.

The conduction current is measurable applying a d.c. voltage to an insulating specimen and
waiting for the steady state, when all the contributes given by the charging and absorption
currents become negligible.

The example of measurement set-up, shown in Figures A.10, A.11, and A.12 is the same
used for the absorption current measurement.
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to the electrodes.
Figure A.10 — Scheme of measurement Figure A.11 — Example of sample
set- up for charging/discharging current preparation
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Figure A.12 — Charging/discharging current on HDPE film

Conduction current measurements can be performed at different values of electrical field, E,
in order to estimate the threshold value, E;, after which the insulating current-voltage
characteristics show a transition from ohmic behaviour (where the conductivity depends only
on temperature) to high field behaviour (where space charge accumulation affects conduction
mechanism).

The temperature and field dependency of conductivity, o, are taken into account in the
following equation:

(A.1)

o(T,E)= Aexp(— AU ] sinh<B|E>

kgl |E|

where AU is the thermal activation energy, kg Boltzmann’s constant and
A and B are constants.

Examples of current measurements on PET films are shown in Figures A.13 and A.14, in
order to emphasize the strong dependency of conductivity on temperature and eIecD’gaE'aanents
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Figure A.13 — Charging current at 135 °C and different values of DC electrical field
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Figure A.14 — Charging current at 120 °C and different values
of DC electrical field

References — Figures A.10, A.11, A.12, A.13 and A.14

CLARK, Frank M., Insulating Materials for Design and Engineering Practice, J. Wiley & Sons,

1962 (Figure A.10)

MONTANARI, G.C., MAZZANTI, G., PALMIERI, F., MOTORI, A.

Investigation of charge

transport and trapping in LDPE and HDPE through space charge and conduction current
measurement, ICSD, June 2001, pp. 97-100 (Figure A.10)

DISSADO, L.A., FOTHERGILL, J.C., Electrical degradation and breakdown in polymers, Peter
Peregrinus Ltd, ISBN 0-86341-196-7, 1992 (Figure A.10)

KUMAR, A., PERLMAN, M.M., Steady-state conduction in high density polyethylene with field-
dependent mobility, Jour. App. Phys., Vol. 71, No.2,pp. 735 — 738, 1992 (Figure A.10)
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MONTANARI, G.C., GHINELLO, I., MOTORI, A., DAS GUPTA, D. An investigation of
conduction mechanisms at high-fieldin PET, IEEE Conf. Electr. Insul. Diel. Phen., pp. 451-
454, 1997 (Figures A.10, A.13 and A.14)

BODEGA, R., MONTANARI, G.C., MORSHUIS, P.H.F., Conduction current measurements on
XLPE and EPR insulation, |IEEE Conf. Electr. Insul. Diel. Phen., pp. 101-105, 2004 (Figures
A.10, A.11 and A.12)

A.15 Contaminant (impurity)

A foreign substance of material in an insulating solid, liquid or gas which usually has
deleterious effect on one or more properties.

A.16 Continuity fault/discontinuity

The presence of a change of properties between two points of the same material.

A.17 Corona

According to ASTM D 1868-73, corona is a type of localized discharge resulting from transient
gaseous ionization in an insulation system when the voltage stress exceeds a critical value.

Corona can occur at electrical conductors, such as HV lines. The high electrical field
gradients at conductors having curved shape, sharp points or edges will lead to breakdown of
the surrounding air. There exist positive and negative corona processes having different
ignition and breakdown behaviour. Corona is gas ionization and is accompanied by light
emission and detectable sound waves (example Figure A.15).

Figure A.15 — Corona at Figure A.16 — Corona on
post insulator head top and arcing to ground

References — Figures A.15 and A.16

SMIT, J. University of Technology Delft, unpublished pictures.

A.18 Corrosion
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Corrosion means the breaking down of essential properties in a material due to chemical
reactions with its surroundings. Corrosion also includes the dissolution of ceramic materials
and can refer to discoloration and weakening of polymers by the sun's ultraviolet light.

A.19 Corrosive substance

Will destroy or irreversibly damage another substance with which it comes in contact.

A.20 Crack, crack(ing)

To break, with or without quite separating into parts. The rupture of a material/insulator to
depths equal to or greater than 0,1 mm.

Crack separation — there are three stages of fracture:

e Stage |, or the opening mode, is characterized by a stress perpendicular to the crack
faces.

e Stage Il, the sliding or forward shear stage, has a shear stress normal to the crack
front.

e Stage lll is the tearing stage, with a shear stress parallel to the crack front.

Necking Void formation Void coalescence

Crack propagation Failure

L
=

Figure A.17 — Stages of mechanical ductile fracture (cracking)
(source unknown)

IEC 1253/11

References — Figure A.17

IEC 60811-3-1, Common test methods for insulating and sheathing materials of electric
cables — Part 3: Methods specific to PVC compounds — Section One: Pressure test at high
temperature - Tests for resistance to cracking
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A.21 Creep

Continued deformation of material under constant stress. Creep is the term used to describe
the tendency of a solid material to slowly move or deform permanently under the influence of
stress. It occurs as a result of long term exposure to levels of stress that are below the yield
strength or ultimate strength of the material. Creep always increases with temperature.

A.22 Defect

Imperfection in the state of an item (or inherent weakness) which can result in one or more
failures of the item.

An imperfection, deficiency, deformity or any kind of shortcoming in the structure of a material
that leads to a partial loss of functionality of that material.

An insulating material may contain a void due to improper mixing and degassing in the
manufacturing stage. Depending on the shape and size of such a gas containing a void, a
partial discharge may occur at a certain voltage stress.

In an epoxy resin structure, for example, the polymer chains are randomly oriented. Due to
cross-linking, internal stress causes locally oriented or so-called crystallized areas with other
mechanical or electrical properties. This might function as the initiation point for an internal
weakness of mechanical or electrical kind.

00020 35000N tmmmm

IEC 1254/11

Figure A.18 — Photo showing orderings in epoxy structure and void
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References — Figure A.18

SMIT, J.J., courtesy of KEMA, NL

A.23 Delamination

Separations of layers of material. Delamination is a mode of failure of laminated composite
materials. Repeated cyclic stresses, impact, and so on can cause layers to separate, forming
a mica-like structure of separate layers, with significant loss of mechanical toughness.
Delamination is an insidious kind of failure as it develops inside of the material, without being
obvious on the surface, much like metal fatigue.

A.24 Depolymerization

A chemical process that separates a polymer in monomers or a polymeric compound. An
example of depolymerization is the breakdown of cellulose paper due to thermal ageing.

A.25 Dielectric loss

The power absorbed from a time-varying electric field in a dielectric and usually dissipated as
heat.

Real power
Tan (0)= ———— 1
Reactive power S
V x Isin (0)
V x I cos ()

[
»

14

IEC 1255/11

Dielectric loss angle = the value of arc tan of the dielectric dissipation factor. Dielectric loss =
power absorbed from a time-varying electric field by a polarized substance, excluding
absorbed power due to the conductivity of the substance.

A.26 Discharge

A discontinuous movement of electrical charges through an insulating medium, initiated by
electron avalanches and supplemented by secondary processes.

A discharge can develop into an arc, which occurs at high field emission conditions.

A so-called partial discharge occurs when a discharge is not fully bridging the insulation gap.
It may cause the formation of electrical trees in the bulk or along the surface of an insulation
(see tracking).
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Figure A.19 — Discharge between conductors through air

IEC 1257/11

Figure A.20 — Paper insulation degraded by electrical surface discharges
References — Figures A.19 and A.20

SMIT, J.J., Delft University of Technology, NL

A.27 Discontinuity

A discontinuity is any local separation of materials or a break (fracture) in a material.

A.28 Electric breakdown (including electrical strength)

The term ‘electric breakdown’ is used when a dielectric between two electrodes, subject to a
constant or increasing voltage, loses all its insulation properties and becomes conductive,
resulting in a short-circuit between the electrodes. Under sufficient electrical stress, electrical
breakdown can occur within solids, liquids, or gases.

When an increasing voltage is applied to a dielectric, the minimum value of the electrical field
at which the breakdown occurs, causing the rupture of the insulation material, is named
‘electric (or dielectric) strength’.
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Measurements of electric strength or breakdown voltage on electrical insulating materials
constitute a major characterization feature, besides being a diagnostic tool for ageing
evaluation and endurance characterization. Indeed, electric strength is a property sensitive to
electrical and thermal ageing, significantly influenced by degradation phenomena occurring in
insulating materials.

Electric strength measurements are performed at rising voltage (with constant rate or with a
step-by-step procedure) and the value obtained shall be qualified by reference to the type of
voltage applied, the method of its application, the kinds of testing electrodes, the thickness of
the insulation samples, the temperature and the conditioning treatment to which the material
has been exposed before and during the actual test.
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Figure A.21 — Example of electric strength test Figure A.22 — Two parameters Weibull plot
on XLPE sample 0,2 mm thick electric strength results performed on seven

XLPE specimens, 0,2 mm thick

The two-parameter Weibull function is generally used to process the data obtained from
electric strength measurement:

BN
F(E)=1-exp —(—j (A.2)
a
where F is the cumulative failure probability and « and g are the scale and the shape

parameters.

Some cases exist where a three parameter Weibull distribution fits better the breakdown data
(e.g. the short-term voltage breakdown data), but, in the majority of the cases, the use of the
two-parameter Weibull distribution is convenient as it allows simple procedures for parameter
and confidence interval calculations.

References — Figure A.21
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