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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH VOLTAGE TEST TECHNIQUES

Part 1: General definitions and test requirements

FOREWORD

1} The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects examined.

2) They have the form of recommendations for intemationzal use and they are accepted by the National Committees
in that sense.

3) In order to promote international unification, the [EC expresses the wish that all National Committees should
adopt the text of the [EC recommendation for their national rules in so far 2s nationel conditions will permit.
Any divergence between the [EC recommendation and the corresponding national rules should, as far as
possible, be clearly indicated in the latter.

PREFACE

This standard has been prepared by 1IEC Techanical Committee 42: High Voliage testing techniques .

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

Six Month's Rule Report on Voting
42(COM0 42ACOM1L

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

Copyright by the International Electrotechnical Commission
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HIGH VOLTAGE TEST TECHNIQUES

PART 1:
GENERAL DEFINITIONS AND TEST REQUIREMENTS

Section 1: General

1. Scope

This standard is applicable to:
~— dielectric tests with direct voltage;
— dielectric tests with alternating voltage;
—- dielectric tests with impulse voltage;
— tests with impulse current;
— tests with combinations of the above.

This standard is applicable only to tests on equipment having its highest voltage for equipment U_ above
1kV.

This standard is not intended to be used for electromagnetic compatibility tests on electric or electronic
equipment.

2 Object

The object of this standard is:
— to define terms of both general and specific applicability;
- t0 present general requirements regarding test objects and test procedures;
— 1o describe methods for generation and measurement of test voltages and currents;
— to describe test procedures;

— to describe methods for the evaluation of test results and to indicate criteria for acceptance or
refusal.

Definitions and requirements concerning approved measuring devices and checking methods are given in
[EC Publication 60-3: High Voltage Test Techniques — Measuring Devices.

Alternative test procedures may be required to obtain repraducible and significant results. The choice of
& suitable test procedure should be made by the relevant Technical Committee.

Copyright by the Intemational Electrotechnical Commission
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Section 2! General Definitions

3 Impulses

An impulse is an intentionally applied aperiodic transient voltage or current which usually rises rapidly
to a peak valne and then falls more slowly to zero,

For special purposes, impulses having approximately Hnearly rising fronts or transients of oscillating or
approximately rectangular form are used.

The term “impulse” is to be distinguished from the term “surge” which refers to transients occurring in
electrical equipment or networks in service.

31 Lightning and switching impulses

A distinction is made between lghtning and swiiching impulses on the basis of duration of the front.
Impulses with front duration up to 20 ps are defined as lightning impulses and those with longer fronts
are defined as switching impulses.

Generally, switching impulses are also characterized by total durations considerably longer than those of
lightning impulses.

4 Characteristics related to disruptive discharge and test voltages

4.1 Disruptive discharge

In this standard, the term “disruptive discharge” (sometimes referred to as “clectrical breakdown™) relates
to phenomena associated with the failure of insulation under electrical stress, in which the discharge
completely bridges the insulation under test, reducing the voltage between the electrodes practicaily to
zero. It applies to electrical breakdown in solid, lignid and gaseous dielectrics and combinations of these.

Non-sustained disruptive discharge in which the test object is momentarily bridged by a spark or arc may
occenr. During these events the voltage across the test object is momentarily reduced to zero or to a very
small value, Depending on the characteristics of the test circuit and the test object, a recovery of diclectric
strength may occur and may even permit the test voltage to reach a higher value. Such an event should
be interpreted as a disruptive discharge unless otherwise specified by the relevant Technical Committee.

Non-disruptive discharges such as those between intermediate electrodes or conductors may also occur
without reduction of the test voltage to zero. Such an event should not be interpreted as a disruptive
discharge unless so specified by the relevant Techrical Commitee.

Some non-disruptive discharges are termed “partial discharges” and are dealt with in IEC Publication 270:
Partial Discharge Measurements.

The term “sparkover” is used when a disruptive discharge occurs in a gaseons or liquid medium.

Copyright by the International Electrotechnical Commission
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The term “flashover” is used when a disruptive discharge occurs over the surface of a dieleciric in a
gaseous or liquid medium.

The term “punciure” is nsed when a disruptive discharge occurs through a solid diclectric.

A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength; in a liguid or
gaseous dielectric the loss may be only temporary.

4.2 Characteristics of the test voltage

The characteristics of a test voltage are those characteristics specified in this standard for designating the
different types of voltage excursion that define the test voltage,

42,1  Prospeciive characteristics of a test voltage

The prospective characteristics of a test voltage causing disruptive discharge are the characteristics which
would have been obtaired if no disruptive discharge had occurred. When a prospective characteristic is
psed, this shall always be stated.

422  Actual characteristics of a test voltage

The actual characteristics of a test voltage are those which occur during the test at the terminals of the
test object.

423  Value of the test voltage

The value of the test voltage is defined in the relevant Clauses of the present standard.

4.3 Disruptive discharge voltage of a test object

The disruptive discharge voltage of a test object is the value of the test voltage causing disruptive
discharge, as specified, for the various tests, in the relevant Clauses of the present standard.

4.4 Statistical characteristics of disruptive discharge voltages

Disruptive discharge voltages are subject to random variations and, usually, a number of observations must
be made in order to obtain a statistically significant value of the voltage. The test procedures, described
in the present standard, are generally based on statistical considerations. Information on the statistical
evaluation of test results is given in Appendix A.

441  Disruptive discharge probability p of a test object

The disruptive discharge probability p of a test object is the probability that one application of a certain

praspective voltage value of a given shape will cause disruptive discharge in the test object. The parameter
p may be expressed as a percentage or a fraction.

Copyright by the International Electrotechnical Commission
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442  Withstand probability q of a test object

The withstand probability ¢ of a test object is the probability that one application of a certain prospective
voltage value of a given shape does not cause a disruptive discharge on the test object. If the disruplive
discharge probability is p, the withstand probability ¢ is (1 - p).

443  50% disruptive discharge voltage Uy, of a test object

The 50% disruptive discharge voltage is the prospective voltage value which has a 50% probability of
producing a disruptive discharge on the test object.

444  p% disruptive discharge voltage U, of a test object

The p% disruptive discharge voltage of a test object is the prospective voliage value which has p%
probability of producing a disruptive discharge on the test object.

445 Conventional deviation z of the disruptive discharge voltage of a test object
The conventional deviation z of the disraptive discharge voltage of a test object is the difference between
its 50% and 16% disruptive discharge voltages. It is often expressed in per unit or percentage value,

referred to the 50% disruptive discharge voltage.,

NOTE - If the disruptive-discharge probability function (see Appendix A) is close to-a Gaussian function, z
is correspondingly close to its standard deviation.

4.5 Withstand voitage of o test object

The withstand voltage of a test object is a specified prospective voltage value which characterizes the
insulation of the object with regard to a withstand test.

Unless otherwise specified, withstand voltages are referred to standard reference atmospheric conditions
(see Clause 11,1),

4.6 Assured disruptive discharge vollage of a test object.

The assured disruptive discharge voltage of a test object is a specified prospective voltage value which
characterizes its performance with regard to a disruptive discharge test.

5 Classification of insulation in test objects

Insulation systems of apparatus and high voltage structures must basically be classified into self-restoring
and non-self-restoring insulation and may consist of external and/or internal insulation.

31 External insulation
Exterual insulation is the air insulation and the exposed surfaces of solid insulation of the equipment,

which are subject both to dielectric stresses and to the effects of atmospheric and other external conditions
such as pollution, humidity and vermin.

Copyright by the International Electrotechnical Commission
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52 Internal insulation

Internal insulation comprises the internat solid, liquid or gaseous elements of the insulation of equipment,
which are protected from the effects of atmospheric and other external conditions such as poliution,
humidity and vermin,

5.3 Self-restoring insulation

Self-restoring insulation is the insulation which completely recovers its insulating properties after a
disruptive discharge cansed by the application of a test voltage.

5.4 Non-self-restoring insulation

Non-self-restoring insulation is insulation which loses its insulating properties, or does not recover them
completely, after a disruptive discharge caused by the application of a test voltage.

NOTE — In high voltage apparatus, parts of both self-restoring and non-self-restoring insulation are always
operating in combination and some parts may be degraded by repeated or continued voltage applications. The
behaviour of the insvlation in this respect shall be taken into account by the relevant Technical Commiltee when
specifying the test procedures to be applied.

Copyright by the Intemational Electrotechnical Commission
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Section 3: General Requirements Relating to Test Procedures
and Test Objects

6 General requirements for test procedures

The test procedures applicable to particular types of test objects, for example, the polarity to be used, the
preferred order if both polarities are to be used, the number of applications and the interval between
applications shall be specified by the relevant Technical Committee, having regard to such faciors as:

— the required accuracy of test results;

— the random nature of the observed phenomenon and any polarity dependence of the measured
characteristics;

— the possibility of progressive deterioration with repeated voltage applications.

7 General arrangement of the test object

At the time of a test, the test object shall be complete in all essential details, and it should have been
processed in the normal manner for similar equipment,

The disruptive discharge characteristics of an object may be affected by its general arrangement (for
example, by its clearance from other live or grounded structures, its height above ground level and the
arrangement of its high voltage lead). The general arrangement shounld be specified by the relevant
Technical Committee.

A clearance to exiraneous structures not less than 1,5 times the length of the shortest possible discharge
path on the test object usually makes such proximity effects negligible. In wet or pollution tests, or
wherever the voltage distribution along the test object and the electric field around its energized electrode
are sufficiently independent of external influences, smaller clearances may be acceptable, provided that
discharges do not occur to extraneous structures.,

In the case of a.c. or positive switching impulse tests above 750 kV (peak) the influence of an extraneous

structure may be considered as negligible if its distance from the energized electrode is also not less than

the height of this ¢lectrode above the ground plane. A practical lower limit 10 this clearance is given in
" figure 1, as a function of the highest test voltage.

A withstand test may be acceptable when successfully performed with shorter distances to earthed objects.

CT)pyright by the International Electrotechnical Commission
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8 Dry tests

The test object shall be dry and clean. If not otherwise specified by the relevant Technical Committee, the
test should be made at ambient temperature and the procedure for voltage application shall be as specified
in the relevant Clauses of this standard.

9 Wet tests

The preferred wet test procedure, described in 9.1, is intended to simulate the effect of natural rain on
external insulation and is a revision of earlier test methods. It is recommended for tests with all types of
test voltages and on all types of apparatus, but either of the alternative test methods given below are
permitted if specified by the relevant Technical Committes,

Two earlier test methods, not intended to simulate natural rain, are described in 9.2. They have been in
use for many years for tests with alternating voltages on apparatus having U, up to 420 kV and many test

data obrained by these methods exist.

For a.c. apparatus of large dimensions, such as those having U, higher than 800 kV, no appropriate wet
test procedure is available al present.

The relevant Technical Committee shall specify the arrangement of the test object during the test proce-
dure.

2.1 Standard we! test procedure .

The test object shall be sprayed with water of prescribed resistivity and temperature (see table 1) falling
on it as droplets (avoiding fog and mist) and directed so that the vertical and horizontal components of
the spray intensity are approximately equal. These intensities are measured with a divided collecting vessel
having openings of 100 cm® to 750 cm?, one horizontal and one vertical, the vertical opening facing the

spray.

The position of the test object relative to the vertical and horizontal rain components shall be specified
by the relevant Technical Committee.

In general, the reproducibility of wet test resuits is less than that for other high voltage discharge or
withstand tests. To minimize the digpersion the following precautions shall be taken:

—- The collecting vessel shall be placed close to the test ebject, but avoiding the collection of drops
or splashes from it. During the measuring period, it should be moved slowly over a sufficient
area to average but not completely mask the effect of non-uniformities of the spray from
individual nozzles, This measuring zone shall have a width equal to that of the test object and
a maximum height of 1 m.

— For test objects between 1 m and 3 m in height, the individual measurements shall be made at
the top, centre and bottom of the test object. Each measuring zone shall cover only one third of
the height of the test object,

Copyright by the International Electrotechnical Commission
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— For test objects exceeding 3 m in height, the number of measuring zones shall be increased to
cover the full height of the test obhject without overlapping.

— The above procedures shall be suitably adapted for test objects having large horizontal dimen-
s10n8,

— The spread of results may be reduced if the test object is ¢cleaned with a surface-active detergent
which has 1o be removed before the beginning of wetting.

— The spread of results may also be affected by local anomalous (high or low) precipitation rates.
It is recommended to detect these by localized measurements and to improve the uniformity of
the spray, if necessary.

The spray apparatus shall be adjusted to produce, within the specified tolerances, precipitation conditions
at the test object given in table 1.

Any type and arrangement of nozzles meeting the requirements given in table 1 may be used, Examples
of several nozzles which have been found satisfactory in practice are shown in figures 2a, 2b and 2c,
together with typical performance data for each type. Greater spray distances may be obtained if the
nozzles are directed upward at an angle of about 15'-25" {0 the horizontal. Note that if the water pressure
is increased above the recommended limits, the water jets may break up prematurely and cause an
unsatisfactory spray at the test object.

Table 1 — Precipitatior conditions for standard procedure

Average precipitation rate of all measurements
— vertical component mm/min 101020
— horizontal component mm/min 101020

Limits for any individual measurement

and for each component mm/min 0,5 from average
Temperature of water ‘C Ambient temperature £15
Resistivity of water Om 100+ 15

The water temperature and resistivity shall be measured on a sample collected immediately before the
water reaches the test object. They may also be measured at other locations (e.g., in a storage reservoir)
provided that a check ensures that no significant change occurs by the time the water reaches the test
object.

The test object shall be pre-welted initially for at least 15 min under the above specified conditions and
these conditions shall remain within the specified tolerances throughout the test which should be performed
without interrupting the wetting, The pre-wetting time shall not include the time needed for adjusting the
spray. It is also possible to perform an initial pre-wetting by unconditioned mains water for 15 min,
followed without interruption of the spray by a second pre-wetting for at least 2 min before the test begins,
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using water with all the cormrect precipitation conditions, which should be measured immediately before
starting the test.

Unless otherwise specified by the relevant Technical Committee, the test procedure for wet tests shall be
the same as that specified for the corresponding dry tests. The test duration for an a.c. test shall be 60 s,
if not otherwise specified. In general, for alternating and direct voltage wet withstand tests, it is recom-
mended that one flashover should be permitied provided that in a repeat test no further fiashover occurs.

9.2 Traditional procedures for wet tests with alternating voltages
For alternating voltage tests, two other procedures are also in use, details of which are given in table 2.

They differ from the standard procedure, 9.1, primarily in that the precipitation rates are higher and that
the minimum pre-wetting time is only 1 m.

Only the vertical component of the spray is specified; determination of the horizontal component is
replaced by a visual estimate of the spray angle which should be approximately 45 at the test object,

Table 2 — Precipitation conditions for traditional procedures with alternating voltages

Characteristics European Practice
practice inUS.A.

Average precipitation rate of all measurements:

— vertical corponent mm/min 3103 505
Limits for any individual measurement mm/min 310,75 5%1.25
Water temperature ‘C Ambient temperature +15
Walter resistivity Qm 100+ 10 178+ 27
Type of nozzle as shown in figures 2a2b 2¢c figure 2d
Duration of wet withstand test 8 60 10

10 Artificial pollution tests

Artificial pollution tests are intended to provide information on the behaviour of extemal insulation under
conditions representative of pollution in service, although they do not necessarily simulate any particular
service conditions.
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The following specifications give some general guidance on artificial pollution testing. It is left to the
relevant Technical Committee to introduce variations or to give more specific reguirements for particular
classes of apparatus. Such specific information is given in one instance by IEC 507.

The effects of washing of insulators in service by natural rain is not taken into consideration in any of the
specified procedures.

10.1  Preparation of test object

Before testing for the first time, the metal parts of the test object, and any cement joints, may be painted
with salt-water-resistant paint to ensure that corrosion products will not contaminate the insulating surfaces
during a test.

The test object should then be carefully cleancd by washing with tap water to which trisodium phosphate
(Na,PO,) has been added and rinsed with clean tap water, It shall not subsequently be touched by hand.
Usually the insulating surfaces can be considered sufficiently clean and free of grease or other contami-
nating material if large continuous wet arcas arc observed during wetting.

1t is left to 1he relevant Technical Committee to decide whether the test object should be tested in a vertical,
horizontal or an inclined position.

10.2 Test procedures

Amnificial pollution tests involve application of the pollution and the simuitaneous or subsequent applica-
tion of voltage. Generally, only methods in which the test voltage is held constant for at least several
minutes are recommended. Other methods in which the voltage is raised gradually to flashover are not
proposed for standardization but may be used for special purposes.

The pollution test may be made either to determine the maximum degree of pollution of the test object
which allows a given test voltage to be withstood, or to determine the withstand voltage for a specified
degree of polution, For the purpose of comparing the results of several tests, or the performance of several
test objects, the former procedure is preferable. Whichever test procedure is adopted, the number of
measurements should be sufficient to obtain consistent average vatues, taking into account the statistical
nature of the phenomenon. The number of tests required shall be specified by the relevant Technical
Committee.

The pollution tests fall into two categories, the salt-fog method and the pre-deposited pollution method.

a) The salt-fog method

The test object is placed in a special chamber which can be filled by a salt fog. The method for producing
the fog is described in Appendix B1. The ambient temperature in the chamber at the start of the test shall
not be less than 5°C, nor greater than 30°C and the test object and the salt water shall be in thermal
equilibrium with the ambient temperature.

The test object is thoronghly wetted with clean tap water. The sali-fog system, supplied by water of the
prescribed salinity, is started when the test object is still wet and, simultancously, the voltage is applied
to the test object, raised rapidly to the specified value and kept constant during the specified time, usually
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1 h, or untl flashover occurs. This procedure is repeated several times. Before each procedure the test
object is thoroughly washed with clean tap water 1o remove any trace of salt.

For the salt-fog method, the minimum distance between any part of the test object and any earthed object
other than the jets and the structure which supports the insulator shall be not less than 0,5 m per 100 kV
of the test voltage and, in any case, not less than 2 m.

If the test is intended to determine the maximum degree of salinity for a specified withstand voliage, the
whole procedure must be repeated using various salinities.

Pre-conditioning of the test object by a number of flashovers during the application of pollution is required
before the real test begins. This pre-conditioning should be followed by a washing.

b} The pre-deposited pollution method

The test object is coated with a reasonably uniform layer of a conductive suspension and shall be permitted
to dry. The ambient temperature in the test chamber at the start of the test should not be less than 5°C nor
greater than 30°C and the test object should be in thermal equilibrium with the ambient. The wetting shall
be accomplished by means of a steam fog generator which provides a uniform fog distribution over the
whole length and around the test object. The temperature of the fog in the vicinity of the test object shail
not exceed 40°C. To obtain the necessary welting within a reasonable time, enough steam fog shall be
introduced inside the test chamber. The steam generation rate shall be specified by the relevant Technical
Comrmittee.

In one procedure the voltage is applied before the test object is wetted by the fog and continues until
flashover or for abouf twice the time for the insulator to achieve its maximum conductivity. In another
pracedure, the test voltage is applied only when the conductivity has reached its maximum value, which
should occur between 20 and 40 min from the start of fogging. The voltage shall be kept constant during
the specified 15-min test time or until flashover occurs.

Examples of suitable coating and wetting procedures and of the measurement of the surface resistivity are
given in Appendix B.

The procedure above may be repeated several times; before each test, the test object shall be washed,
re-coated and allowed to dry,

When the test is intended to determine the maximuom degree of pollution for a specified withstand voltage,
the coating, wetting and test procedures must be repeated using various suspension resistivities,

The minimum distance between any part of the test object and any earthed object other than the structure
which supports the test cbject shall be not less than 0,5 m per 100 kV of the test voltage.

10.3  Degree of pollution

The degree of pollution of a test object is specified by the salinity (g/L) of the salt fog, by the surface
conductivity (uS) or by the amount of salt (NaCI) per square centimetre of the insulating surface (gmfcm®).
This latter is normally referred to as the Salt Deposit Density (S.D.D.). Information about these methods
is given in Appendix B.
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11 Atmospheric conditions

11.1  Srandard reference atmasphere

The standard reference atmosphere is:
temperature fo=20°C
pressure by = 101,3 kPa (1013 mbar)
absolute humidity A, = 11 g/m’

NOTE — A pressure of 101,3 kPa corresponds to the height of 760 mm in a mercury barometer at 0°C. If the
barometer height is H mm of mercury, the atmospheric pressure in kilopascels is approximately:

b= 0,1333H kPa

Correction for temperature with respect to the height of the mercury column is considered to be negligible.

11,2  Atmospheric correction factors
The disruptive discharge of external insulation depends upon the atmospheric conditions. Usually, the
disruptive discharge voltage for a given path in air is increased by an increase in either air density or

humidity. However, when the relative humidity exceeds abont 80%, the disruptive discharge voltage
becomes imregular, especially when the disruptive discharge occurs over an insulating surface,

By applying correction factors, a disruptive discharge voltage measured in given test conditions (temper-
ature £, pressure b, humidity k) may be converted to the value which wonld have been obtained under the
standard reference atmospheric conditions (&, b, A ). Conversely, a test voliage specified for given
reference conditions can be converted into the equivalent value under the test conditions.

The disruptive discharge voltage is proportional to the atmospheric correction factor K, that resulis from
the product of two correction factors:
— the air density correction factor k, (see 11.2.1);
— the humidity correction factor k, (see 11.2.2},
K, =kiky

If not otherwise specified by the relevant Technical Committee, the voltage I/ to be applied during a test
on external insulation is determined by multiplying the specified test voltage U, by K

U=UOK|

Similarly, measured disruptive discharge voltages U are comected to U, corresponding to standard refer-
ence atmosphere by dividing by K

Un = UIK,
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The test report shall always contain the actual atmospheric conditions during the test and the correction
factors applied.

11.2,1 Air density correction facior k,

The air density correction factor k, depends on the relative air density § and can be generally expressed
as;

kl = 8’-
where m is an gxponent given in 11.2.3.

When the temperatures ¢ and #, are expressed in degrees Celsius and the aimospheric pressures b and b,
are expressed in the same units (kilopascals or millibars), the relative air density is:

_b 273+
T by 27341

11.2.2  Humidity correction factor k,
The humidity cormrection factor may be expressed as:

b=k
where w is an exponent given in 11.2.3 and k is a parameter that depends on the type of test voltage and
that, for practical purposes, may be approximately obtained as a function of the ratio of absolute humidity,
h, to the relative air density, 8, using the curves of figure 3. For values of #/8 in excess of 15 g/m®
humidity corrections are still under consideration, and the curves in figure 3 may be regarded as upper
limits.
11.2.3 Exponents m and w

As the correction factors depend on the type of predischarges, this fact can be taken into account by
considering the parameter:

Vs

£=500L 5%
where Uy is the 50% disruptive-discharge voltage (measured or estimated) at the actual aimospheric
conditions, in kilovolts, L the minimum discharge path in metres, with the actual values for the relative

air density & and for the parameter k. In the case of a withstand test where an estimate of the 50% disruptive
discharge voltage is not available, U can be assumed to be 1,1 times the test voltage.

The exponents m and w are still under consideration. Approximate values are given in figure 4.
113 Wet tests, tests under artificial pollution and combined tests

No humidity correction shall be applied for wet tests or for tests with artificial poltution, The question of
density correction during such tests is under consideration, For combined tests see Clause 26.5.
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114 Conflicting requirements for testing internal and external insulation

While withstand levels are specified under standard atmospheric conditions, cases will arise where the
application of atmospheric corrections (due to laboratory altitude or to extreme climatic conditions) results
in the withstand level for internal insulation appreciably in excess of that for the associated external
insulation. In such cases measures to enhance the withstand level of the external insulation must be adopted
to permit application of the correct test voltage to the internal insulation. These measures include immer-
sion of the external insnlation in liquids or compressed gases and should be specified by the relevant
Technical Committee with reference to the requirements of particular classes of apparatus. In those cases
where the test voltage of the external insulation is higher than that of the internal insulation, the external
insulation can only be correctly tested when the internal insulation is especially designed with increased
strength, If not, the internal insulation should be tested with the rated value and the external insulation be
tested by means of dummies unless the relevant Technical Committee states otherwise, in which case it
shall specify the test procedure to be used.

115  Measurement of humidity

The humidity shall be determined preferably with the meter measuring directly the absolute humidity with
an absolute error not larger than 1 g/m®. Measurement of relative humidity associated with the temperature
measurements also allows determination of the absolute humidity and can be used provided that the
accuracy of the absolate humidity determination in this case is the same as required above.

NOTE — This measurement may aiso be made by means of a ventilated wet and dry bulb hygrometer. The
absolute humidity as a function of the thermometer readings is determined from figure 5 which also permits
determination of the relative humidity. It is important to provide adequate air flow in order to reach a steady
state and to read the thermometers carefully in order to avoid excessive errors in the determination of the
humidity.
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Section 4: Tests with Direct Voltage

12 Definitions for direct voltage tests

12.1 Value of the test voltage
The value of the test voltage is defined as its arithmetic mean value.
122 Ripple

Ripple is the periodic deviation from the arithmetic mean value of the voltage. The amplitude of the ripple
is defined as half the difference between the maximum and minimum values. The ripple factor is the ratio
of the ripple amplitude 10 the arithmetic mean value,

13 Test voltage

13.1 Requirements for the test voltage
13.1.1 Voltage shape

The test voltage, as applied to the test object, should be a direct voltage with not more than 3% ripple
factor, unless otherwise specified by the relevant Technical Committee. Note that the ripple factor may
be affected by the presence of the test object and by the test conditions, especially in wet tests and in tests
under artificial pollution.

13.1.2 Tolerances

For test durations not exceeding 60 s, the measured values of the test voltage shall be maintained within
+1% of the specified level throughout the test. For test durations exceeding 60 s, the measured value of
the test voitage shall be maintained within 3% of the specified level throughont the test.

NOTE — It is emphasized that the tolerance constitates the permitted difference between the specified value
and that actually measured. This difference should be distinguished from the measunng error which is the
difference between the measured value and the true value.

13.2  Generation of the test voliage

The test voliage is generally obtained by means of rectifiers, though sometimes electrostatic generators
are employed. The requirements to be met by the test voltage source depend considerably upon the type
of apparatus which is to be tested and on the test conditions. These requirements are determined mainly
by the value and nature of the test current to be supplied, the important constituents of which are indicated
in 134.

The source characteristics should be such as to permit charging of the capacitance of the test object in a
reasonably short time. In the case of objects having high capacitance, charging times of several minutes
must sometimes be accepted. The source, including its storage capacitance, should also be adequate to
supply the leakage and absorption currents and any internal and external non-disruptive discharge currents
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without voltage drops exceeding 10%. In tests on internal insulation, these currents are usually small, but
when testing wet insulators, leakage currents of the order of some tens of milliamperes or pre-discharge
pulses of the order of 107 C may occasionally be encountered.

Source parameters for D.C. pollution tests are under investigation.
13.3  Measurement of the test voltage

13.3.1 Measurement with devices approved under IEC Publication 60-3: High Voltage Test
Techniques — Measuring Devices

The measurement of the arithmetic mean value, the maximum value, the ripple factor and any transient
drop in the test voltage should, in general, be made with devices which have passed the approval procedure
referred to in IEC Publication 60-3. Attention is drawn to the requirements on response characteristics of
devices used for measuring ripple, transients or voltage stability.

13.3.2 Calibration of a non-approved measuring device with an approved measuring device

The procedure usually consists of establishing a relationship between the display of some device related
to the test voltage and a measurement of the same voltage performed in accordance with 13.3.1, with a
sphere-gap, used in accordance with IEC Publication 52, or with a rod/rod gap, used in accordance with
13.3.3,

This relationship may be dependent on the presence of the test object, the sphere-gap or rod/red gap, on
the precipitation in wet tests, etc. Hence, it is important that these conditions are the same during the
calibration and the actual test, except that, during the test, the sphere-gap or rod/rod gap shall be opened
sufficiently to prevent sparkover. The relationship between the supply voltage and the output voltage may
be insufficiently stable for measuring purposes.

Altention is drawn to the precautions necessary when using a sphere-gap under direct voltages, due 1o the
oceurrence of flashovers at lower voltage values predominantly resulting from the presence of microscopic
fibrous particles. A series of voltage applications shall be made and the highest voltage value is taken as
the true measure.

NQOTE 1 — The problem of fibrous particles can be overcome by providing an air flow of not less than 3 m/s
through the gap.

NOTE 2 — In the presence of ripple, sphere-gaps do not measure the arithmetic mean value of the voltage.

The calibration is preferably made at or near 100% of the test voltage, but for tests on objects with
non-gelf-restoring insulation, extrapolation may be made from a value not lower than 50% of this voltage.
Extrapolation may be unsatisfactory if the current in the test circuit varies non-linearly with the applied
voltage.
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13.3.3 The rodirod gap as an approved measuring device

A rod/rod gap with dimensions as given in Appendix C and used in accordance with this Appendix is an
approved measuring device for measuring direct voltages.

13.4 Measurement of the test current

When measurements of current through the test object are made, a number of scparate components may
- be recognized, These differ from each other by several orders of magnitude for the same test object and
test voltage. They are:

~— the capacitance current, due to the initial application of the test voltage and to any ripple or
other flucteations imposed on it;

— the dieleciric absorption current, due to slow charge displacements within the insulation and
persisting for periods of a few seconds up to several hours. This process is pariially reversible,
currents of the opposite polarity being observed when the test object is discharged and short-
circuited;

— the continuous leakage current, which is the final steady direct current attained at constant
applied voltage after the above components have decayed to zero;

— partial discharge currents.

Measurement of the first three components necessitates the use of instruments covering a wide range of
current magnitudes. It is important to ensure that the instrument, or the measurement of any one component
of the current, is not adversely affected by the other components. Information concerning the condition
of the insulation may sometimes bs obtained by observing current variations with respect to time, during
non-destructive tests.

The relative magnitude and the importance of each component of current depend on the type and the
condition of the test object, the purpose for which the test is being made and the duration of the test.
Accordingly, the measurement procedures should be specified by the relevant Technical Committee,
especially when it is required to distinguish a particular component.

Measurements of partial discharge pulse currents are made with special instruments which are dealt with
in IEC Publication 270 (1981): Partial Discharge Measurements,

NOTE — Auention should be paid to the possible value of current flowing in the case of a disruptive discharge,
that could destroy a current meter if not adequately protected.

14 Test procedures

14.1 Withstand voltage tesis

The voliage shall be applied to the test object starting at a value sufficiently low to prévent any effect of
overvoliage due to switching iransients. It should be raised sufficiently slowly to permit reading of the
instruments, but not so stowly as to cause unnecessary proiongation of stressing of the test object near to
the test voltage U/, These requirements are in general met if the rate of rise is about 2% of U/ per second
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when the applied voltage is above 75% of U. It shall be maintained for the specified time and then reduced
by discharging the circuit capacitance, including that of the test object, throngh a suitable resistor,

The test duration shall be specified by the relevant Technical Committee taking into consideration that

the time to reach the steady-state voliage distribution depends on the resistances and capacitances of the
test object components. When not otherwise specified by the relevant Technical Committee, the duration

of a withstand test shall be 60 s.

The polarity of the voltage or the order in which voltages of each polarity are applied, and any required
deviation from the above specifications, shall be specified by the relevant Technical Committee.

The requirements of the test are satisfied if no disruptive discharge occurs on the test object.

142 Disruptive discharge voliage tesis

The voltage shall be applied and raised continuously until a disruptive discharge occurs or the test object.
The value of the voltage reached at the instant of the disruptive discharge shall be recorded.

The relevant Technical Committee shall specify the voltage rate of rise, the number of voltage applications
and the procedure for evaluating the test results (see Appendix A).

14.3  Assured disruptive discharge voltage tests

The voltage shall be applied and raised continuously uatil a disruptive discharge occurs on the test object.
The value of the test voltage reached at the instant of the disruptive discharge shall be recorded.

The requirements of the test are generally satisfied if this voltage does not exceed the assured disruptive
discharge voltage on a specified number of voltage applications.

The relevant Technical Committee shall specify the number of voltage applications and the voltage rate
of rise,
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Section 5: Tests with Alternating Voltage

15 Definitions for alternating voltage tests

15.1  Definitions for alternating voltage tests
15.1.1 Value of the test voltage
The value of the test voltage is defined as its peak value divided by VZ.

NOTE — The relevan Technical Committee may require a measurement of the r.m.s. value of the test voltage
instead of the peak value for cases where the r.m.s. value may be of importance, for instance, when thermal
effects arc involved.

15.2 Peak value

The peak value of an alternating voltage is the maximum value, Small high-frequency oscillations, arising
for instance from non-disruptive discharges shall, however, be disregarded.

15.3 R.M.S, value

The r.m.s. value of an alternating voltage is the square root of the mean value of the square of the volilage
values during a complete cycle.

16 Test Voltage

16.1 Requirements for the test voltage
16.1.1 Voltage waveshape

The test voltage shall be an alternating voltage generally having a frequency in the range 45 10 65 Hz,
normally referred to as power-frequency test voltage. Special tests may be required at frequencies consid-
erably below or above this range, as specified by the relevant Technical Committee.

The voltage waveshape shall approximate a sinusoid with both half-cycles closely alike. The results of a
high voltage test are thought to be unaffected by small deviations from a sinusoid if the ratio of peak to
r.m.s. values equals ¥2 within 5%,

For some test circuits in common use greater deviations have to be accepted. Nole that the test object,
especially if it has non-lincar impedance characteristics, may considerably affect the deviation from a
sinusoid,

NOTE — It can generelly be assumed that the above requirements on devigtions from a sinusoid will be met
if the r.n.s. value of the harmonics does not exceed 5% of the r.m.s. value of the fundamental.
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16.1.2 Tolerances

If not otherwise specified by the relevant Technical Committee the measured values of the test voltage
shall be maintained within +1% of the specified level throughout the test. For test durations exceeding
60 s the measured value of the test voltage shall be maintained within £3% of the specified level
throeghont the test.

NOTE — It is emphasized that the tolerance constitutes the permitted difference between the specified value
and that actually measured, This difference should be distinguished from the measuring error which is the
difference between the measured value and the true value.

16.2  Generation of the test voltage
16.2.1 General requirements

The test voltage is generally supplied from a step-up transformer. Alternatively, it may be generated by
means of a series-resonant circuit.

The voltage in the test circuit shall be stable enough to be practically unaffected by varying leakage
corrents. Non-disruptive discharges in the test object shall not reduce the test voltage to such an extent
and for such a time that the measured disruptive discharge voltage of the test object is significantly
affected.

In the case of non-disruptive discharges, unless otherwise specified by the relevant Technical Commitiee,
a withstand test is considered satisfactory when it can be shown that the peak value of the test voltage
does not differ by mare than 5% in successive periods and that the instantaneous voltage drop during a
non-disruptive discharge does not exceed 20% of the peak voltage. The characteristics of the test circuit
which are necessary to meet the above requirements depend on the type of test (dry, wet, etc.), the test
voltage level and the test object behaviounr.

NOTE — Attention is drawn to the possibility that such non-disruptive discharges may cause large overswings
of voltage between the terminals of the test object. This phenomenon may cause failure of the 1est object or of
the 1esting transformer. A cure can usually be effected by changing the natural frequency of the voltage source
or by introducing some atienuation into the system.

16.2.2 Requirements for the transformer test circuit

In order to have the test voltage practically unaffected by varying leakage currents the short-circuit current,
delivered by the transformer when the test object is short-circuiied at the test voltage, should be large
¢nough in comparison with the leakage currents at the supply frequency and in any case in respect of the
following guiding criteria:

— for dry tests on small samples of solid insulation, insulating liquids or combinations of the two,
a short-circuit current of the order of 0,1 A (r.m.s.) is suitable;

— for tests on external self-restoring insulation (insulators, disconnecting switch, etc.) a short-cir-
cuit current not less than 0,1 A (rm.s.) for dry tests and 0,5 A (r.m.s.) for wet tests is suitable;
however, for wet tests on objects having large dimensions that may lead to high leakage currents,
a short-circuit cuyrent up to 1 A tould be necessary.

NOTE — When the test circuit is supplied by a rotating generator, the transient shori-circuit current (see IEC
Publication 34-4) should be considered.
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The total capacitance of the test object and of any additional capacitor should be sufficient to ensure that
the measured discharpe voltage is unaffected by non-disruptive partial discharges or pre-discharges in the
test object. A capacitance in the range from 0,5 to 1,0 nF is generally sufficient.

NOTE — If any protective resistor external 10 the test transformer does not exceed 10 k€2, the effective terminal
capacitance of the transformer may be regarded as being in paralle] with the test obiject.

For tests under artificial pollution, higher values of the short-circuit current, up to 15 A or more, are
necessary (see IEC Publication 507); the testing plant should also comply with the twa following condi-
tions:

— resistance/reactance ratio (R/X) equal to or higher than ,1;
— capacitive current/short-circuit current ratio not exceeding the interval 0,001 to 0,1,

The voltage stability could be verified by the direct recording of the voltage applied to the test object, by
means of a suitable high voltage measuring system.

16.2.3 The series-resonant circuit

The series-resonant circuit consists essentially of an inductor in series with a capacitive, test object or
load and connected to a medium voltage power source. Alternatively it may consist of a capacitor in series
with an inductive test object. By varying the circuit parameters or the supply freguency, the circuit can
be tuned to resonance, when a voltage considerably greater than that of the source and of substantially
sinusoidal shape will be applied to the test object.

The stability of the resonance conditions and of the test voltage depends on the constancy of the supply
frequency and of the test circuit characteristics,

When a discharge occurs, the source gives a relatively low current which limits the damage to the dielectric
of the test object.

The series-resonant circuit is especially useful when testing objects such as cables, ‘capacitors or gas-
insulated systems in which the leakage currents on the external insulation are very small in comparison
with the capacitive currents through the test object or the energy to form a disruptive discharge is very
small. A series-resonant circuit is also useful for testing reactors.

The circuit may be unsuitable for external insulation under wet or polluted conditions, unless the require-
ments of 16,2.1 are satisfied.

16.3  Measurement of the test voltage

16.3.1 Measurement with devices approved under IEC Publication 60-3

The measurement of the peak value, the r.m.s. value, the deviation from a sinusoid and the transient drops
should in general be made with devices which have passed the approval procedures referred to in IEC

Publication 60-3,

Attention is drawn (o the requirements on response characteristics of the devices used for measuring
transient voltage drops.

Copyright by the International Electrotechnical Commission
Tue Jun 29 10:01:05 2004



IEC &0 PT*1 89 WW 4844891 0059908 0 =&

60-1 © IEC 1989 -57-

16.3.2 Calibration of a non-approved measuring device with an approved measuring device

The procedure usually consists of establishing a relationship between the display of some device related
to the test voltage and a measurement of the same voltage performed in accordance with 16.3.1 or with a
sphere-gap used in accordance with IEC Publication 52,

This relationship may be dependent on the presence of the test object and the sphere-gap, the precipitation
in wet tests, etc. Hence, it is important that these conditions are the same during the calibration and the
actual test, except that, during the test, the sphere-gap may be opened sufficiently to prevent sparkover.

The relationship between the supply voltage and the output voltage may not be sufficiently stable for
measuring purposes.

The calibration is preferably made at or near 100% of the test voltage, but for tests on objects with
non-self-restoring insulation, extrapolation may be made from a vatue not lower than 50% of this voliage.
Extrapolation may be unsatisfactory if the current in the test circuit varies non-linearly with the applied
voltage, or if any changes occur in the voltage shape or frequency between the calibration and the test
voltage levels.

17 Test procedures

17.1 Withstand voltage tests

The voliage shall be applied to the test object starting at a value sufficiently low to prevent any effect of
overvoltages due to switching transients. It should be raised sufficiently slowly to permit reading of the
measuring instrument but not so slowly as to cause urnecessary prolongation of the stressing of the test
object near 1o the test voltage U. These requirements are in general met if the rate of rise is about 2% of
U per second, when the applied voltage is above 75% of U. It shall be maintained for the specified time
and then rapidly decreased, but not suddenly interrupted as this may generate switching transients which
could cause damage or erratic test results,

The test duration shall be specified by the relevant Technical Committee and shall be independent of the
frequency in the range from 45 to 65 Hz, I not specified by the relovant Technical Committee the duration
of a withstand test shall be 60 s,

The requirements of the test are satisfied if no disruptive discharge occurs on the test object.

17.2  Disruptive discharge voliage ftests

The voltage shall be applied and raised continuously until a disruptive discharge occurs on the test object,
The value of the test voltage reached at the instant of the disruptive discharge shall be recorded.

The reievant Technical Committee shall specify the rate of rise of the voliage, the number of voltage
applications and the procedure for evaluating the test resnlts (see Appendix A),
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173 Assured disruptive discharge voltage lests
The voltage shall be applied and raised continuously until a disruptive discharge occurs on the test object.
The value of the test voltage reached at the instant of the disruptive discharge shall be recorded.

The requirements of the test are generally satisfied if this voltage is not higher than the assured disruptive
discharge voltage on each one of a specified number of voltage applications,

The relevant Technical Committee shall specify the number of voliage applications and the rate of rise of
the voliage.
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Section 6: Tests with Lightning Impulse Voltage

18 Definitions for lightning impulse tests

18.1  Definitions of general applicability

These definitions apply to impulses without oscillations or overshoot or to the mean curve drawn through
the oscillations and overshoot.

18.1.1 Full lightning impulse

A full lightning impulse is a lightning impulse which is not interrupted by a disruptive discharge (see
figure 6). See Clause 3 for definition of impulse and 3.1 for distinction between lightning and switching
impulses.

18.1.2 Chopped lightning impulse

A chopped lightning impulse is a lightning impulse during which a disruptive discharge causes a rapid
collapse of the voltage, practically to zero value (see figures 7-9). The collapse can occur on the front,
at the peak or on the tail,

NOTE — The chopping can be accomplished by an external chopping gap or may occur due to a discharge in
the internal or external insulation of & test object.

18.1.3 Value of the test voltage
For a lighining impulse without oscillations, the value of the test voltage is its peak value.

The determination of the peak value in the case of oscillations or overshoot on standard lightning impnlses
is considered in 19.2.

For other impulse shapes (see for example figures 10 e-h) the relevant Technical Committee shatl define
the value of the test voltage taking into account the type of test and test object.

18.1.4 Front time T,

The front time T; of a lightning impulse is a virtual parameter defined as 1,67 times the interval 7 between
the instants when the impulse is 30% and 90% of the peak value (points A and B, figures 6-9).

18.1.5 Virtual origin O,
The virtual origin O, of a lightning impulse is the instant preceding that corresponding to point A (see

figures 6-9) by a time 0,37T,. For records having linear time scales, this is the intersection with the time
axis of a straight line drawn through the reference points A and B on the front.
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18.1.6 Time to half-value T,

The time to half-value T, of a lighining impulse is a virtual parameter defined as the time interval between
the virtnal origin O, and the instant when the voltage has decreased 10 half the peak value,

18.2  Definitions applicable only to chopped impulses

A chopped lightning impulse is a tightning impulse during which a disruptive discharge causes & rapid
collapse of the voltage, which then falls to zero or nearly to zero, with or without oscillations (see fig-
ures 7-9).

NOTE — With some test objects or test arrangements, there may be a flattening of the peak or a rounding off
of the voltage before the final voltage collapse. Similar effects may also be observed due to the imperfections
of the measuring system, Exact determination of the parameters related to chopping (18.2.1 to 1B.2.5) requires
the presence of both a sharp discontinuity and a special measuring system. Other cases are left 1o the relevant
Technical Committees for consideration.

18.2.1 Insiant of chopping

The instant of chopping is that at which the Tapid collapse of voltage which characterizes the chopping
first occurs.

18.2.2 Time to chopping T,

The time to chopping 7, is a virtual parameter defined as the time interval between the virtual origin O,
and the instant of chopping,.

18.2.3 Characteristics related to the voliage collapse during chopping

The virtua! characteristics of the voltage coliapse during chopping are defined in terms of two points C
and D at 70% and 10% of the voltage at the instant of chopping, see figure 7. The duration of the voltage
collapse is 1,67 times the time interval between points C and D. The steepness of the voltage collapse is
the ratio of the voltage at the instant of chopping to the duration of voltage collapse.

NOTE — The use of points C and D is for definition purposas only; it is not implied that the duration and
steepness of chopping can be measured with any degree of accuracy using conventional measuring systems.

18.24 Linearly rising front-chopped impulses

A voltage rising with approximately censtant steepness, until it is chopped by a disruptive discharge, is
described as a lincarly rising front-chopped impulse,

To define such an impulse, the best fitting straight line is drawn through the part of the front between
30% and 90% of the peak amplitude; the intersections of this with the 30% and 90% amplitudes then being
designated E and F, respectively (see figure 9).
The impulse is defined by:

— the peak voltage U,

— the front time 7,,
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—- the virtual sieepness S:

This is the slope of the straight line drawn through the points E and F, usually expressed in kilovolts per
microsecond.

This chopped impulse is considered to be approximately linearly rising if the front, from 30% amplitude
up to the instant of chopping, is entirely enclosed between two lines parallel to the line EF, but displaced
from it in time by 30,05 T, (see figure 9).

NOTE — The value and the 1olerance on the virtual stecpness § shall be specified by the relevant Technical
Commitree.

18.3  Voltageltime curves
18.3.1 Voltageltime curves for linearly rising impulses

The voltage/time curve for impulses with fronts rising linearly is the curve relating the peak voltage to
the front time T;. The curve is obtained by applying impulses with linear fronts of different steepness.

18.3.2 Voltageltime curve for impulses of constant prospective shape
The voltage/time curve for impulses with constant prospective shape is the curve relating the discharge
voltage of the test object to the time to chopping, which may occur on the front, at the peak or on the tail.

The curve is obtained by applying impulse voltages of constant shape but with different prospective peak
values (see figare 11).

19 Test Voltage

19.1  Standard lightning impulse

The standard lightning impulse is a full lightning impulse having a front time of 1,2 pis and a time t0
half-value of 50 ps. It is described as a 1,2/50 impulse.

19.2 Tolerances

If not otherwise specified by the relevant Technical Commitiee, the following differences are accepted
between Specified values for the standard impulse and those actually recorded:

Peak value 3%
»tont time +30%
Time to half-value +20%

NOTE 1 — It is emphasized that the tolerances on the peak value, front time and time to half-value constitute
the permitted differences between specified values and those actuslly recorded by measurements, These differ-
ences should be distinguished from measuring errors which are the difference between the values actually
recorded and the true values, For information on measuning errors, see IEC Publication 60-3 and 60-4.
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With some test circuits, oscillations or an overshoot may occur at the peak of the impulse, see figures 10 2
to d; if the frequency of such oscillations is not less than 0,5 MHz or the duration of overshoot not more
than 1 ps, a mean curve should be drawn as in figures 10 a and b and, for the purpose of measurement,
the maximum amplitude of this curve is chosen as the peak value defining the value of the test voltage.

Overshoot or oscillations in the neighborhood of the peak, measured by a system according to IEC
Publication 60-3, are tolerated provided their single peak amplitede is not larger than 5% of the peak
value. In commonly used impulse generator circuits, oscillations on that part of the wavefront during which
the voltage does not exceed 90% of the peak value have generally negligible infiuence on test results, If
the relevant Technical Committee finds these are of importance, it is recommended that their amplitudes,
measured by a snitable measuring device, as specified in IEC Publication 60-3, are under the straight line
drawn through the points A’ B’ (see figure 12). These points are taken on the verticals of, respectively,
the poinis A and B determiaed according to 18.1.4, the distance AA” being equal to 25% and BB’ to 5%
of the peak valne,

The impulse should be essentially unidirectiopal, but see Note 2,

NOTE 2 — In specific cases, such as during tests on low impedance objects or on UHV test circuits having
large dimensjons, it may be impossible to adjust the shape of the impulse within the tolerances recommended,
to keep the oscillations andfor the overshoot within the specified limits or to avoid a polarity reversal. Such
cases should be dealt with by the relevant Technical Committee,

19.3  Standard chopped lightning impulse

A standard chopped lightning impulse is a standard impulse chopped by an external gap after 2 to 5 ps.
Other times to chopping may be specified by the relevant Technical Committee. Because of practical
difficulties in measurements, the duration of voltage collapse has not been standardized.

194  Special lightning impulses

In some cases oscillating lighing impulses may be applied. This offers the possibility of producing
impulses with shorter front times or with peak values corresponding to a generator efficiency greater than
|8

19.5  Generation of the test voliage

The impulse is ysuaily produced by an impulse generator consisting essentiaily of a number of capacitors
which are charged in parallel from a direct voltage source and then discharged in series into a circuit
which includes the test object,

19.6  Measurement of the test voltage and determination of impulse shape
19.6.1 Measurement with devices approved under IEC Publication 60-3 .

The measurement of the peak value, the time parameters and the overshoot or oscillations on the test
voltage should in general be made with devices which have passed the approval procedure referred to in
IEC Publication 60-3. The measurement shall be made with the test object in the circuit and, in general,
the impulse shape shall be checked for each test object. Where a number of test objects of the same design
and size are tested under identical conditions, the shape needs only to be verified once.
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NOTE — Determination of the impulse shape by calculation from the test circuit parameters is not considered
to be satisfactory.

19.6.2 Calibration of a non-approved measuring device with an approved measuring device

The procedure usually consists of establishing a relationship between the display of some device related
to the test voltage (for instance the maximum charging voltage of the first stage of the impulse generator)
and a measurement of the same voltage performed in accordance with 19.6.1 or with a sphere-gap, used
in accordance with IEC Publication 52.

The relationship may be dependent on the presence of the test object, of the sphere-gap, etc. Hence, it is
important that these conditions are the same during the calibration and the actueal test, except that during
the test the sphere-gap may be opened sufficiently to prevent sparkover.

For tests on objects with seif-restoring insulation, the calibration shouid be made at or near 100% of the
test valtage. For tests on objects with non-self-restoring insulation, cxirapolation may be unavoidable but
such exirapolation shall be made from not less than 50% of the test voltage. The extrapolation is only
permissible if it can be shown that the test voltage is proportional to the related quantity.

19.7  Measurement of current during tests with impulse voliages
The relevant Technical Committee shall specify the characteristics of a carrent flowing in the test object
that should be measured during tests with high impulse voliages, When this type of measurement is used

for comparative purposes wave shape is of importance and the measurement of the absolute value of this
current may be of lesser importance.

20 Test Procedares

20,1 Withstand voltage tests

The recommended test procedure depends on the nature of the test object, as defined in Clause 5. The
relevant Technical Commitiee shall specify which procedure shall be applied.

In procedures A, B and C the voltage applied to the test object is only the specified withstand value, while
in procedure D several voliage leveis have to be applied.

20.1.1 Withstand voliage test: Procedure A

Three impulses of the specified shape and polarity at the rated withstand voltage level are applied to the
test object. The requirements of the test are satisfied if no indication of failure is obtained, using methods

of detection specified by the relevant Technical Commitiee.

NOTE — This procedure is recommended for 12sts on degradable or non-self-restoring insulation.
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20.1.2 Withstand voltage test: Procedure B

Fifteen impulses of the specified shape and polarity at the withstand voltage level are applied 1o the test
object. The requirements of the test are satisfied if not more than two disruptive discharges occur in the
self-restoring part of the insulation and if no indication of failure in the non-self-restoring insulation is
obtained by the detection methods specified by the relevant Technical Committee.,

20.1.3 Withstand voltage test: Procedure C

Three impulses of the specified shape and polarity at the withstand voltage level are applied to the test
object. If no disruptive discharge occurs the test object has passed the test. If more than one disruptive
discharge occurs the test object has failed to pass the test. If one disruptive discharge occurs in the

self-restoring part of the insulation, then nine additional impulses are applied and if no disruptive discharge
occurs the test object has passed the test.

If any detection of failure in a non-self-restoring part of insulation is observed with the detection methods
specified by the relevant Technica! Committee during any part of the test, the test object has failed to pass
the test.

NOTE — This procedure corresponds to an American practice modified so as to be statistically equivalent 1o
Procedure B.

20.1.4 Withstand voliage test: Procedure D

For self-restoring insvlation the 10% impulse disruptive discharge voltage U, may be evaluated by using
statistical test procedures described in Appendix A,

These test methods permit either direct evaluation of U,, and U, or indirect evaluation of Uy,

In the latter case Uy, is derived from the Uy, value using the relationship:
Uio=Uso(1-1,32)
The relevant Technical Committee shall specify the value to be assumed for the conventional deviation z
of the disruptive discharge voltage. For dry tesis on air insulation, withont any other insulation involved,
. the per-unit value z = 0,03 can be used.
The test object is deemed to be satisfactory if Uyqis not less than the specified impulse withstand voltage.

The following test methods can be used fo evalvate U, :

a) the multiple-level method (see Clause A.1.1) with n =4 voltage levels, and m = 10 impulses
per level;

b) the up-and-down methed (Clanse A.1.2) with m = 1 impulse per group and n 2 20 useful appli-
cations.

To evaluate Uy, , the up-and-down withstand method, with m = 7 impulses per group and at least eight
useful groups, can be used.
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In all the cases the vollage interval between levels AU should be approximately from 1,5 to 3% of the
estimated value of Us,.

20.2  Procedures for assured discharge voltage tests

The procedures for an assured discharge voltage test are similar to those described in 20.1 with the
appropriate changes between discharge and withstand conditions.

The relevant Technical Commitiee may also specify other procedures for specific test objects.
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Section 7: Tests with Switching Impulses

21 Definitions for switching impulse tests

21.1  Switching impulse

A switching impulse (as distinct from a lightning impulse) is defined in 3.1. The characteristics of a
switching impulse are expressed by the parameters defined in 21.2 10 21.7 (see figure 13).

Additional parameters can be specified by the relevant Technical Committee when considering specific
tests,

21,2 Value of the test voliage

If not otherwise specified by the relevant Technical Commitice, the value of the test voltage is the
prospective peak value.

213 Time to peak T,

The time to peak T, is the time interval between the actual origin and the instant when the voltage has
reached its peak value.

214 Time to half-value T,

The timie to half-value T, for a switching impuise is the time interval between the actual origin and the
instant when the voltage has first decreased (o half the peak value.

21.5  Time above 90% T,

The time above 90% T, is the lime interval during which the impulse voltage exceeds 90% of its peak
value.

21,6  Time to zero T,

The time to zero T, is the time interval between the actual origin and the instant when the voltage has its
first passage to zero.

Specification of the time above 90% and time to zero instead of the time to half-value is found useful,
for instance, when the form of the impulse is dictated by saturation phenomena in the test object or the
test circuit, or where the severity of the test on important parts of internal insulation of the test object is
considered to be highly dependent on these parameters, When specifying a switching impulse, only one
set of parameters related to the waveshape is generally given. The particular time parameters defined
should be clearly indicated by reference, for example, to a T,/ T, or T,/ T,/ T, impulse.

NOTE — to 21.3 10 21.6 — The front duration for switching impulses is sometimes alternatively defined in
the same manner as the front for lightning impulses (18.1.4) or in a similar manner with other reference points
and multiplying factors. For switching impulses with time parameters as given in 22.1, the time to pesk is
between 1,4 and 1,8 times the front time.

Copyright by the International Electrotechnical Commission
Tue Jun 29 10:01:12 2004



LEC 6O PT%1 89 MM 4844891 0p59924 L WM

60-1 ® IEC 1989 -71-

21.7  Time to chopping T.

The time to chopping T, of a switching impulse is the time interval between the actual origin and the
instant of chopping,

21.8  Linearly rising impulse

The definition of a linearly rising impulse (applicable to both lightning and switching impulses) is given
in 18.2.4,

22 Test voltage

22.1 Standard switching impulse

The standard switching impulse is an impulse having a time to peak T, of 250 ps and a time to half-value
T, of 2500 ps. It is described as a 250/2500 impulse.

22,2 Tolerances

If not otherwise specified by the relevant Technical Committee, the following differences are accepted
between specified values and those actually recorded, both for standard and special impulses {see Note 1
10 19.2):

Peak value 3%
Time to peak +20%
Time to half-value +60%

In certain cases, for instance with low impedance test objects, it may be difficult to adjust the shape of
the impulse to within the tolerances recommended. In such cases other tolerances or other impulse shapes
may be specified by the relevant Technical Committee.

NOTE — The disruptive discharge voltage of lorg gaps in air may be influenced by both the time to psak and
the time to half-value of a switching impuise. Therefore it is recommended for such test objects that the applied
switching impulse be characterized by its actual rime parameters. Larger tolerances in the prospective time to
half-value may be allowed in the cese of a disruptive discharge occurring before or at the peak,

22,3 Special switching impulses

Far special purposes, when the use of the standard switching impulse is not considered sufficient or
appropriate, special switching impulses of either aperiodic or oscillating form may be prescribed by the
relevant Technical Commitiee,

NOTE — When a discharge is initiated by a leader in air from a positively-charged electrode, two impulses
may generally be considered as equivalent, when they have the same peak value end the same time interval
beiween the respective two points on the front at 70% and 100% of the peak value.
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22.4  Generation of the test voltage

Switching impulses are usuaily generated by a conventional impulse génerator (see 19.5). They can also
be generated by the application of a voltage impulse to the low-voltage winding of a testing transformer
(or of a transformer to be tested). Other methods of generating switching impulses ¢an be used, for
example, involving the rapid interruption of current in a transformer winding.

The elements of a circuit for generating switching impulses should be chosen so as to avoid excessive
distortion of the impulse shape due to non-disrzptive discharge currents in the test object. Such currents
can reach quite large values, especially during pollution tests on external insulation at high voltages, In
test circuits having high internal impedance, they may cause severe distortion of the vollage or even
prevent a disruptive discharge from occurring.

22.5  Measurement of test voltage and determination of impuise shape

The measurement of the test voltage and the determination of the impulse shape should be made as
described in 19.6.1 and 19.6.2. Note that although IEC Publication 52, 1960, gives no information specif-
ically related to the measurement of the peak value of switching impulses, measurements indicate that the
sphere-gap can be regarded as an approved measuring device for switching impulse voltages.

23 Test procedures

The test procedures are in general the same as for lightning impulse testing and similar statistical
considerations apply (see Clause 20 and Appendix A). Unless otherwise specified by the relevant Techni-
cal Committee, the conventional deviation of the disruptive discharge voltage for dry and wet tests on air
insulation, without any other insulation involved, can be assumed to be:

2 =0,06

Carrespondingly larger voltage intervals AU may be used when applying the multiple level or the up-and-
down procedures.

NOTE — With switching impulses, distuptive discherges frequently occur at random times well before the peak.
In presenting the results of discharge tests made in accordance with 20.1.4, the relationship between disruptive
discharge probability and voltage is generally capressed in terms of the prospective peak value. However,
another method is also in use in which the acual disruptive discharge voltage for every impulse is measured;
the probability distribetion of the measured voliage values is then determined by the method described for
Class 3 tests in Appendix A.
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Section 8: Tests with Impulse Current

24 Definitions for impulse current tests

24.1  Impulse current

Two types of impulse currents are used. The first type has a shape which increases from zero to peak value
in a short time, and thereafter decreases to zero either approximately exporentially or in the manner of a
- heavily-damped sine curve. This type is defined by the front time T, and the time to half-value T, (sec

24.3 and 24.5).

The second type has an approximately rectangular shape and is defined by the duration of the peak and
the total duration (see 24.6 and 24.7).

24,2  Value of the test current
The value of the test current is normally defined by the peak value, With some test circuits, overshoot or
oscillations may be present on the current waveform. The relevant Technical Committee shall specify

whether the value of the test current should be defined by the actual peak or by a smooth curve drawn
through the oscillations,

24,3  Front time T,

The front time T, of an impulse current is a virtual parameter defined as 1,25 times the interval T, between
the instants when the impulse is 10% and 90% of the peak value (see figure 14a). If oscillations are present
on the front, the 10% and 90% values shall be derived from a mean curve drawn through these oscillations
in a manner analogous to that used for lightning impulses with oscillations on the front.

244 Virtual origin O

The virtual origin 0, of an impulse current precedes by 0,17, that instant at which the current attains 10%
of its peak value. For records having linear time scales, this is the intersection with the time axis of a
straight line drawn through the 10% and 90% reference points on the front,

24.5  Time to half-value T,

The time to half-value T, of an impulse current is a virtual parameter defined as the time interval betwean
the virtoal origin O, and the instant at which the current has decreased to half the peak value.

24.6  Duration of peak of a rectangular impulse current T,

The duraticn of the peak of a rectangular impulse current T, is a virtual parameter defined as the time
during which the current is greater than 90% of its peak value (see figure 14b).
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24,7  Total duration of a rectangular impulse current T,

The total duration of a rectangular impulse current T, is a virtual parameter defined as the time during
which the current is greater than 10% of its peak value (see figure 14b). If oscillations are present on the
front, a mean curve should be drawn in order to determine the time at which the 10% value is reached.

25 Test current

25.1  Siwandard impulse currents

Four standard impulse currents corresponding to the first type of impulse, defined in 24.1, are used.

— 1/20 impulse: front time: 1 ps; time to half-value: 20 ps;
— 4/10 impulse: front time: 4 ps; time to half-value: 10 ps;
~— 8/20 impuise: front time; 8 us; time to half-valee:  20.us;
— 30/80 impulse; fromt time: 30 ps; time to half-value: 80 ps;

Rectangular impulse currents have duration of the peak T, of 500 ps, 1000 ps or 2000 ps or between
2000 ps and 3200 ps.

25.2 Tolerances

If not otherwise specified by the relevant Technical Committee, the following differences are accepted
between the specified values for standard impulse currents and those actually recorded:

For 1/20, 4/10, 8/20 dand 30/80 impulses:

peak value + 10%

front time T, + 10%

time to half-value T, t 10%
A small overshoot or oscillations are tolerated provided that their single peak amplitude in the
neighbourhood of the peak of the impulse is not more than 5% of th¢ peak value. Any polarity reversal
after the current has falien to zero shall not be more than 20% of the peak value,
For rectangular impulses:

peak value +20%; 0%

duration of the peak +20%; 0%
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An overshoot or oscillations are tolerated provided that their single peak amplitude is not more than 10%
of the peak value. The total duration of a rectangular impulse shall not be larger than 1,5 times the duration
of the peak and the polarity reversal should be limited to 10% of the peak value,

25.3  Measurement of the test current

The test current shall be measured by a device which has passed the approval procedure referred to in
IEC Publication 60-3.

254  Measurement of vollage during tests with impulse current

Voltages developed across the test object during tests with high impulse currents should be measured by
a device which has passed the approval procedure given in IEC Publication 60-3 for the measurement of
impulse voitages.

NOTE — The impulse current may induce appreciable voltages in the voltage measuring circuit, causing
significant errors. As a check, it is therefore recommended that the Isad that normally joins the voltege divider
to the live end of the test object should be disconnected from this point and connected instead to the earthed
end of the test object, but maintsining approximately the same loop. Alternatively, the test object may be
shori-circuited or replaced by a sclid metal conductor. The test circuit geometry should be medified until the
voltage measured when the generator is discharged under any of these conditions is negligible in comparison
with the voltage across the test abject, at least during the part of the impulse which is of imperiance for
evaluating the test results.
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Section 9: Combined and Composite Tests

26 Combined voltage tests

A combined voltage test is on¢ in which two separate sources, generating voltages against earth, are
connected to two terminals of the test object, (for example an open circuit breaker, see figure 15a), In
such a test any two of lightning imputse, switching impulse, direct or power frequency alternating voltages
may be combined.

The test voltage is characterized by its amplitude, a time delay At and by the waveshape, peak valoe and
polarity of each component.

When combined voltage tests are performed on switchgear they are intended to simulate conditiors where
one termingl of the open switch is energized at the specified power frequency voltage, and the other
terminal is subjected to either a lghtning or switching overvoitage. The test circuit shall simulate this
situation on both internal and external insulation. In special cases the relevant Technical Committee may
permit power-frequency voltages to be simulated by switching impulses of suitable shape.

26.1  Value of the test voltage U

The value of the test voltage U is the maximum potential difference between the energized terminals of
the test object (see figure 15b).

26,2  Time delay At

The tme delay Az of a combined voltage is the time interval between the instants when its components
reach their peak values, measured from the instant of a negative peak (see figure 20), It has a tolerance
of +0,05T,,,,, where T, is the lime to peak or the front time for an impulse and a quarter cycle for an
alternating voltage, and T,..,, is the larger of the values of T;, for the two components.

Two voltages of a combined impulse voltage test are said to be synchronous when their time delay At is
zero, within the prescribed tolerance.

263  Actual voltage shapes

Due to the coupling between the two generating systems, the shapes and amplitudes of the two components
of a combined voltage test differ from those produced by the same sources used separately, They shall
therefore be measured in combination, preferably by means of separaie measuring systems against earth.

Each measuring system shall be suitable for measuring the waveshape of both of the components in order
to avoid errors in recording their mutual influence.

The maximum permissible deviations from the prescribed voltage shape shall be specified by the relevant
Technical Committee.

NOTE — It should be taken into account-that in the case of a disruptive discharge occurring in a combined
voltage test, both the voltage sources will act directly against each other if there are no additional protective
elements (e.g.. resistors or protective gaps) in the circuit. In any case the voltage distribution between the two
voltage sources will change completely when there is e disruptive discharge.
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264  Arrangement of the test object

The arrangement of the test object, particularly with respect to the earthed structures shall be specified
by the relevant Technical Committee.

26.5  Atmospheric correction faciors

In a combined voltage test, the atmospheric correction factors relative to the component of highest value
have to be applied to the test voltage value.

27 Composite tests

A composite voltage is the voltage resulting from two different voltage sources suitably connected, applied
at one terminal of the test object against earth.

The definition of its parameters is left to the relevant Technical Committee.

NOTE — Composite tests may also be performed by applying voltage and impulse-current sources to the test
object.
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Appendix A: Statistical Treatment of Test Results

Al Classification of tests

Disruptive discharge test procedures can be divided into three classes for the purpose of statistical
evaluation.

Al.l  Class 1; Multiple-level tests

In a Class 1 test, m, substantially equal voltage stresses (e.g., lightning impulses) are applied at each of »
voltage levels U; (i = 1, 2, ..., n). While this procedure is usually employed with impulse voltages, some
tests with alternating and direct voltages also fall into this class.

The test results are the n numbers m; of voltage applications and the corresponding numbers d; of disruptive
discharges at each voltage level U,

Al2 Class 2: Up-and-down tests

In a Class 2 test, n groups of m substantially equal voliage stresses arc applied at voltage levels Ui The
voltage level for each succeeding group of stresses is increased or decreased by a small amount AU
according 10 the result of the previous group of stresses.

Two testing procedures are commonly used. The withstand procedure, aimed at finding voltage levels
corresponding to low disruptive discharge probabilities and the discharge procedure, which finds voltage
levels corresponding to high disruptive discharge probabilities. In the withstand procedure, the voliage
level is increased by an amount AU if no disruptive discharge occurs in a group of m voltage applications,
otherwise the voltage leve! is decreased by the same amount. In the discharge procedure, the voltage level
is increased by AU if one or more withstands occur, otherwise it is decreased by the same amount.

Where m = 1, the two procedures become identical and correspond to the up-and-down 50% disruptive
discharge voliage test.

Tests with other values of m are also used to determine voltages corresponding to other disruptive discharge
probabilities. The results are the numbers &; of stress groups applied at the voltage levels U, The first level
U/; taken into account is that at which at least two groups of stresses were applied. The total number of
useful groups is n=ZXk;,

A.1,3 Class 3: Successive Discharge Tests

In a Class 3 test, a procedure leading to a disruptive discharge on the test object is applied n times. The
test voltage may be increased continuously until a disruptive discharge occurs or held constant at some
level until a disruptive discharge is observed. The results are the n values of voitage U, or time ¢ at which
the disruptive discharge occurred.

Such tests are made with direct, altemnating or impulse voltages. Tests where disruptive discharges occur
on the front of the impulse fall into this class.
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A2 Statistical Behaviour of Disruptive Discharge

When p, the probability of a disruptive discharge during a given test procedure, depends only on the test
voltage, U, the behaviour of the test object can be characterized by a function p(Lf) determined by the
processes of discharge development. In practice, this function, the disruptive discharge probability func-
tion, can be represented mathematically by expressions depending on at least two parameters Us, and z,
Ug is the 50% discharge voltage for which p(f/y=0,5 and z is the conventional deviation; z=Us,— U4
where Uy, is the voltage for which (/)= 0,16,

NOTE 1 — Examples of p(U) can be derived from the Gausslan (or Normal), the Weibull or the Gumbel
probability distribution functions. Experience shows that for 0,15 < p < 0,85 most theoretical distributions cen
be considered equivalent. Special Weibuil or Gumbel distributions are acceptable approximations to a Gaussian
distribution having given Usp and z for p lying between 0,02 and 0,98. Beyond these limits little information
is available,

NOTE 2 — Sometimes p is a funcrion of two or more perameters, e.g., U/ and dU// d. In such cases no simple
function can be used to describe p. Details of such ceses may be found in the technical literature.

The function p(U) and the parameters Ug, and z can be found from tests with very large numbers of voltage
applications, provided that the characteristics of the test object remain constant throughout the tests.

In practice the number of voltage applications is usually limited and the estimates of Ug and z based on
an assumed form of p(I/) will be subject to statistical uncertainties.

A2.1 Confidence limits and statistical error

If a parameter y is estimated from n test results, upper and lower confidence limits y, and y_ can be defined,
with the probability C that the true value of y is within these limits, C is termed the confidence level and
the half width e, = (yy~ y.}/ 2 of the confidence band is called the statistical error.

Usually C is taken as 0,95 (or 0,90) and the corresponding limits are called the 95% (or 90%) confidence
limits.

The statistical error e, depends on both » and the value of the conventional deviation z. The conventional
deviation z should be ¢stimated when possible from tests made under realistic conditions. In general, the
larger the number of tests made, the better will be the estimate of z, It should, however, be remembered
thal during a protracted test series, ambient conditions may change to an extent which offsets the gain in
accuracy from the increased number of tests.

Since accurate estimation of z from a limited series of tests is not possible, values estimated from the

pooled resuits of many tests are often given by the relevant Technical Committees.

The statistical error ¢, may be combined with estimates of other erors (e.g., measuring errors) to define
the overall error limits for the determination of a particular parameter,
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A3 Analysis of Test Results

This Clause is applicable to cases where the results of tests can be regarded as independent estimates, i.e.,
where the nth result is not influenced by what may have occurred in the (n— th or (n - j)th tests,

A3l Treamment of Results from Class 1 Tests

In this case the discharge frequency f;=d,/m; at a voltage level U, is taken as an estimate of p{l/) the
discharge probability at the voltage level U. The n estimates of p(U)) obtained in a Class 1 test can then
be fitted t0 an assumed probability distribution function p(U7) and the parameters Us, and z determined,

This may be done by plotting f; versus U; on special graph paper designed to give a straight line plot when
the probability estimates conform to a particular probability distribution function p(I/7). A well-known
example is Gaussian or Normal probability paper which yields a straight line plot for estimates conforming
to the Gaussian distribution function:

p(U}=(1/zwlz?)f_exp[—(u-uso)’/zz’]au

NOTE — Normal probability papers do not have ordinate scales embracing the values p =0 or p = 1. Accord-
ingly, tests at voltage levels causing all discharges d;=m; or no discharges d; =0 cannot be plotted directly. A
possible way of using these results is to combine them with values obtained for an adjacent voltage level and
to plot them as the weighted mean voltage,

Alternatively analytical fitting fechniques involving the least-squares method or likelihood methods (see
A.4) may be used to find Uy, z and the confidence limits of these estimates.

In any case adequate methods (such as conventional regression coefficients or confidence limits) should
be used to check if the assumed probability function fits the measured points with sufficient accuracy,
Reference is made to the relevant technical literature.

As a general guide the statistical error tends to vary inversely as the square root of the number of voltage
applications at ¢ach level m; and inversely as the number of levels used n. Note also that if all values of

[; differ from zero and unity, with 10 voltage applications (m = 10) at each of five levels (n=5) the 95%
confidence limits would be:

For Ugy:

(Uso— 0,75 29 S Usa S (U + 0,752%)
and for z:
04r*< 252,02
where U:o and z* are the estimates of Us, and z obtained by fitring the test results to an assumed discharge

probability disribution function p(I/). In addition the statistical error tends towards lower values for
estimates of U, in the vicinity of p=0,5 or 50%.
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A3.2  Treatment of results from Class 2 Tests

A Class 2 test provides an estimate of U, the voltage at which the disruptive discharge probability is p.
U: , the estimate of U, is given by:

Ur =Y kU n

where %; is the number of groups of stresses applied at the voliage level U, For a more accurate formula
see the technical literature,

To avoid appreciable errors, the lowest voltage level taken into account shonld not differ from U: by more
than 2AU,

The withstand procedure described in A.1.2 provides an estimate of U, for a disruptive discharge proba-
bility p given by:

p=1-(03)"
while the discharge procedure gives U, for:
p=@©35"

The values of p for which U, can be estimated in up and down tests are limited by the requirement that
m be an integer. Examples are given in Table Al

Table Al
m= 70 34 14 7 4 3 2 1
p= 0,01 0,02 0,05 0,10 0,15 0,20 0,30 0,50 {withstand
procedure)
pP= 0,99 0,98 0,95 0,90 0,85 0,80 0,70 0,50 (discharge
procedure)

Procedures for estimating z and its confidence limits are also available but are not recommended for
general use.

A3.3 Treatment of Results from Class 3 Tests

The result of a Class 3 test is usvally a series of n voltages U; from which parameters Uy, and z of a
disruptive discharge probability function are to be determined. For a Gaussian {(or Normal) distribution,
estimates of the parameters Us, and z are given by:

U:o = ZU,- In
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= [Z (U, - U™/ (n— 1)]"2

For other distributions likelihood methods can be employed to estimate Uy, and z (see A4). The same
expressions and methods apply in cases where times to the occurrence of a disruptive discharge ¢{; are to
be analyzed.

The confidence limits for Gaussian distributions may be found using the Student’s ¢ or Chi-squared
distributions as described in the technical literature,

As an example, in the case of a Gaussian distribution, the 95% confidence limits for the estimates of
U,o and z obtained from a test with n = 20 are:

Uty = 0472%) S Usy < (Us + 0,472%)
and

0,76* < z£1,462*

Ad Application of likelihood methods

Likelihood methods may be used for the analysis of the results of all of the above classes of tests. These
methods permit estimation of Us, and z and hence U, once a discharge probability distribution function
p{U; Us. 2) is selected.

Furthermore, it is possible to use all the results obtained and the confidence limits corresponding to any
desired confidence level C can be found.

A4l The likelihood function

For Class 1 and Class 2 tests the numbers of discharges, 4, and the numbers of withstands w; found at
each voltage level U; are known. H the form of the discharge probability distribution function
P U ; Use, 2) is known or assumed, the probability of a discharge at the level U; is p (U;; Usn 2 ) and the
probability of a withstand is (1 —p(U,; Us, 2 )). The likelihood function L, corresponding to d; discharges
and w; withstands occurring at a voltage level U, is then:

L= pU; U 251 = p (U;; Usp, 2))
As U, d; and w; are known, L; is a function of U, and z only.
The likelihood of a complete set of results embracing n values of U; then becomes:
L=LlL,..L..L =L (Uy?2)

For Class 3 tests each voltage level U; which appears in the results, corresponds to a disruptive discharge.
In general, a voltage level U; will appear m; imes where m; = 1. The likelihood L ther becomes:
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L=fU: U, 2" (U U, 2 f (Ui Usp n 2)™
“ where
f=dpidu

Methods for calculating L from extensive sets of results by considering groups of results lying in a number
of voltage iniervals can be found in the literature.

AA42 Estimation of Ugyand z
The best estimates of U, and z are the values U:., and z* which maximize L.

Tl‘l‘ese are frequentl! found by using a computer to make repeated calculations of L for assumed values of
Uso and z*. With Uy, and z* fixed, U, corresponding to any desired value of discharge probability, p, can
be found from the assumed discharge probability distribution function with Use= Us and z = z¢, Methods
for determining the confidence limits of U:u and z* are to be found in the literature. For the case of C = 0,9
the equation L(Us,;, z) = 0,11, permits determination of these confidence limits,
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Appendix B: Pollution Test Procedures

B.1 Production of salt fog

B.1.1  Preparation of salt solution

The salt solution should be made to the required salinity from salt (NaCl of commercial purity) and
ordinary tap water, The concentration should be within 5% of one of the following values: 2,5 g, 3,5 g,
5¢,7g,10g, 14 g,20g,.28 g,40g,56 g, 80 g, 112 g, 160 g or 224 g per liwe of solution.

The concentration may be determined by measuring the resistivity or the density of the salt solution.
Figures 16 and 17 give the vatues of the resistivity and the density, respectively, as functions of the salt
concentration at 10°C, 20°C and 30°C.

B.1.2 Details of spraying system
The fog is produced in a test chamber by means of a number of jets as shown in figure 18 and described

in detail below. Each jet has two nozzles, one acting as an air outlet and the other as an outlet for the salt
solution. The compressed air thus flows across the solution nozzle and produces a fine mist of the solution.

The air nozzles should be provided with filtered, oil-free air at 700 kPa above the atmospheric pressure,
with a tolerance of +4%. The solution nozzles should be supplied with the specified salt solution at a
pressure adjusted so that the flow of the solution through each nozzle, is 0,5 L/min +10% for the period
of the test; the tolerance on the total flow to all spray jets is £5% of the nominal value. Consequently, the
solution pressure must also be kept constant throughout a test.

The jets are mounted 0,6 m apart in two straight rows, parallel to the centre ine of the test object (one
on each side), each row being 3 m from it and in the same plane, with the jets in each row directed towards
one another. Each row should be extended at least 0,6 m beyond the ends of the insulating section of the
test object; the latter is mounted vertically, horizontally or inclined as prescribed by the relevant Technical
Committee, but should be so placed that the lowest jet is at least 0,6 m abave the floor.

B.2 Pre-deposition of pollution, coating and wetting procedure

B.2.1 Preparation of coating maierial
One of the two foliowing compositions of the suspension should be used:
a) — 100 g Kieselgur (diatomaceous earth, Diatomite),
— 10 g highly-dispersed silicon dioxide, particle size 2-20 pm,

— 1000 g demineralized water
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The volume conductivity of the suspension shall be adjusted by adding a suitable amount of salt (NaCI)
to obtain the value chosen from those of the following table, corresponding to the requested reference
layer conductivity. The suspension so formed then shall be applied to the surface of the insuiator to produce
a layer of appropriate thickness that achieves the reference conductivity,

Reference layer
conductivity at 20°Cin p§ 7,5 10 15 20 30 40 60 80
(tolerance: £15%)

Corresponding volume

conductivity values

of the prepared suspension 2,25 30 4,5 6,0 9.0 12,0 8.0 240
at 20°C in mS/cm

b) — 40 g Kaolin or Tonoko
-— 1000 g demineralized water

The volume conductivity of the suspension shall be adjusted by adding a suitable amount of sait (NaC1)
to obtain the requested reference salt deposit density.

The suspension then shall be applied to the surface of the insulator to produce a layer of appropriate
thickness that achieves the reference salt deposit density.

B.2,2  Main characteristics of the inert materials

Ranges of values for the main characteristics of inert materials, defining the types of Kieselgur, Kaolin
and Tonoko that should be used for the suspensions ar¢ given in the following table:

Granuiometry in pim Volume
Weight composition (cnmulative conductivity
in % of distribution} at 20°C in pS fcm

Inert
material 8i0, Al20, Fe,0, H,0 16% 50% 4%
Kieselgur 70-90 5-25 0,5-6 7-14 0,102 04t 2-10 15-200
Kaolin 40-50 3040 0,32 7-14 0,102 04-1 2-10 15-200
Tonoko 60-70 10-20 4-8 —  08-15 3-5 8-15 20-100

B.2.3 Solid coating and wetting procedure

The suspension may be deposited on the clean surface of the test object by dipping, spraying or flow-
coating. The resulting layer should be uniformly distributed as far as possible over the whole of the
insulating surfacé of the test object.
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The coating shall be dried out before starting the test.

B.3 Measurement of the degree of pollution

The degree of pollution on the surface of a test cbject can be determined either by the method given in
B.3.1 or by the method given in B.3.2.

B.3.1 Surface conductivity of the insulating surface

To determine the surface conductivity of the surface, the leakage conductance G, is measured between
two bare electrodes on the test object. From this conductance the surface conductivity is calculated using
a form factor derived from the geometry of the insulating surface, see below.

To give consistent results, the voltage used for the conductance measurement should be about 2 kV/m of
leakage path.

The surface conductivity K, is found from:

where f is the form factor given by:

where:

L = total length of the icakage path

dx = length of an element of the leakage path, at a distance x from one electrode (0 Sx<L).
B(x) = breadth or circumference of the leakage path at distance x.

The layer conductivity K, is comrected to 20°C by means of the following formula to give K,

1,6

Ko=1500%

K,

where € is the temperature of the insulator surface in degrees Celsius.

NOTE — that the determinztion of the surface conductivity from the conductance and the form factor may give
incorrect resulits if the surface conductivity is not reasonably constant along the length of the test object or the
measured part of the length.

B.3.2  Equivalent amount of sodium chloride per square centimetre of the insulating surface
(5.D.D. mglem’).

The polluted insulating surface or a certain part of it is washed with distilled water, all of which is carefully
collected. The resistivity of the collected water is measured and corrected to 20°C. By means of figure 16
the equivalent quantity C of sodium chloride in grams per litre in the solution is determined. From this,
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de sodium en grammes par litre de solution est déterminée 2 I'aide de la figure 16, On en tire la quantité

équivalente M de chlorure de sodium par.uaité de surface cn milligrammes par meires carés par :
M=CV/A

ol

A = surface de la partie nettoyée en centimdtres carrées

V = volume de I’eau recueillie en centimétres cubes.
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the equivalent amount m of sodium chioride per unit surface is determined in milligrams- per square
céntimetre by

M=CVIA
where:
A = the area of the cleaned surface in square centimetres

V = the volume of the collected water in cubic centimetres.
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Annexe C : Etalonnage d’un dispositif de mesure non-apprové a I’aide d’un
éclateur pointe/pointe

C.1 Disposition générale
La disposition générale de 1'éclateur pointe/pointe est décrite par la figure 19a (pour une disposition
verticale} ou par la figure 19b (pour une disposition horizontate).

Les pointes sont en acier ou en laiton, elles ont un axe commun et une section carrée dont le cbté est
compris entre 10 et 25 mm. Leurs extrémités sont coupées A angle droit par rapport 4 cet axe.

La distance comprise entre I'extrémiié de la pointe sous haute tension et les objets mis A 1a terre ou les
murs, auntres que le plan mis  la terre, est d'au moins 5 m.

C.2 Valeurs de référence

La tension de décharge disruptive U, sous tension continue positive ou négative et dans les conditions
almosphérigues normalisées de référence est donnée par la formule suivante :

U,=2+0,534d (C-1)

ol d = écartement de 1'éclateur en millimétres
U, = tension de décharge disruptive en kilovolts
L'équation C1 n'est utilisable que pour :

250 mm £ d £ 2500 mm
1g/m*< W8<13 g/m®
Dans ces conditions I'incertitude de mesure est estimée inférieure & 33 %.

L'éclateur pointe/pointe ne doit pas &tre utilisé comme dispositif de mesure approuvé pour des intervalles
d inféricurs 4 250 mm du fait de 1’absence de décharges filamentaires. Il n'y a aucune donnée expérimen-
tale pour justifier son utilisation avec des intervalles supéricurs a 2500 mm.

C3 Procédure d’étalonnage

L'écartement 4 entre les pointes est réglé et la tension appliquée et augmentée de telle sorte que 1'intervalle
de temps entre les points correspondant 3 75 % et 100 % de 1a tension d'amorgage soit égal A une minute
environ.

Dix lectures dc la tension d’amorgage sont faites sur le disposilif d¢ mesure non-approuvé en cours
d’étalonnage. La tension, pour une atmosphire de référence normalisée, correspondant A la moyenne de
ces dix valeurs est donnée par I'équaiion C-1, Cette tension doit &tre ramenée aux conditions atmosphé-
riques réelles conformément en 11.1.2.
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Appendix C: Calibration of a Non-Approved Measurement Device with a
Rod/Rod Gap

C.1 General arrangement of a rod/rod gap

The general arrangement of the rodfrod gap shall be as shown in either fipure 19a (vertical gap) or
figure 19b (horizontal gap).

The rods shall be made of steel or brass, have a square section, with side between 15 mm and 25 mm and
have a common axis. The ends shall be cut at right angles to the axis leaving the edges sharp.

The clearance from the tip of the high voltage rod to earthed objects and walls, other than the ground
plane, shall be not less than 5 m.

C.2 Reference Values

The disruptive discharge voltage U, for positive and negative direct voltage at standard reference atmo-
sphere is given, for either the vertical or the horizontal gap by:

Uy=2+0,5344d (C-1)
where U, is in kilovolts
and d is the gap spacing in millimetres
Eguation (C-1) is valid for:
250 mm £d < 2500 mm
1g/m*<h8<13 g/m’
Under these conditions the measurement uncertainty is estimated to be less than +3%.
The rod/frod gap shall not be used as an approved measuring device at gap spacings less than 250 mm

because of the absence of streamer pre-discharges, There is no experimental evidence to support its use
at gap spacings greater than 2500 mm.

C.3 Calibration Procedure

The spacing, 4, between the rods shall be set and the voltage applied and raised so that the time interval
between 75% and 100% of the disruptive discharge voltage is about 1 min.

Ten readings of the voltage at the instant of sparkover shall be taken with the non-approved measuring
device under calibration. The voliage, at standard reference atmosphere, corresponding to the mean of
these ten values is given by Eqn. (C-1). This voltage shall be corrected for the actual atmospheric
conditions in accordance with 11.2,
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Figures

15,0 T | |
12,5+ —

10,0 -

=1
00 500 1000 1500 2000

U (kV) peak

Figure 1 Distance minimale D des objets sous tension ou & la terre & I'électrode sous tension d'un
objet en essai, pendant un essai en tension alternative ou en tension de choc de manocvres
positive avec tension maximale I/ appliguée pendant I'essai.

Minimum clearance D of extraneous live or grounded objects to the energized electrode
of a text object, during an a.c. or positive switching impulse test at the maximum voltage
U/ applied during test.
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C = couvercle pour arréter le jet d’eau

Figure 2 b) Gicleur type IL

Nozzle type II.
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Dimensions in millimetres
A = plastic orifice to reduce the risk of
cbstruction by dirt
B = rubber seal
C = cover to block water
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Figure 2 ¢} Gicleur type I (détails de 1’orifice seulement).

NOTE — La longuenr du jet d’eaus qui peut &re obtenue dépend du diamdtre de 1'ajutage et de la pression
d'eau. A la pression optimale, qui est habitueliement de 300 kPa — 400 kPa mais qui dépend de 1'état
de surface de I'sjutage et de la disposition des conduites d’alimentetion, les longueurs approximasatives
du jet réalisable avec les gicleurs illuswés aux figures 2a & 2d sont données dans la tablean suivant

Nozzle type III (details of orifice only).

NOTE — The length of water jet which can be obiasined depends on the diameter of the orifice and on
the water pressure. At the optimum pressure, which usually is 300 kPa ~ 400 kPa but depends on the
smoothness of the orifice and the arrangement of the supplying pipes, the approximate jet lengths
obiainable with the nozzles shown in Figures 2a to 2d are given in the following table :

Type de gicleur Diamttre de 'ajutage Longueur de jet d'eau
Type of nozzel Orifice diameter Length of water jet
mm ’ m
Tetll 0,5 ' 4
Tand 11 0.8 6
m : 1,0 10
(Conique) 10 . " 9-11
(Conical)
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& 0.0635
0.089

.

20.457

G, e

'//r,-///”//>>\/ N

!

AN

Fllstage pour tuyaux des 3/8

3/8 standerd plpe threod 1/16

0.0575
0.0674
0.1111

Dimensions en Inches — Dimensions In Inches

Figure 2 d) Gicleur type IV (pratique américaine),

NOTE — Le gicleur type IV de la figure 2d (pour la practique américaine} a un orifice concentrique
avec les dimensions données dans la figure. Avec une pression d'eau de 250 kPa — 450 kPa, il donne
une longueur de jetde 2 m & 3 m.

Nozzle type IV (American practice).

NOTE — The nozzle type IV in Figure 1d (for American practice) has a concentric orifice with
dimensions given in the figure. With water pressure of 250 kPa - 450 kPa, it gives jet lengths of 2 m
w3m

Copyright by the International Electrotechnical Commission
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Tension alternative

. Alternating voltage

Tension de choc
Impulse voltoge

Tension continue
Direct vollage

/ | Tension K Gamme d’humidité, g/ms
! Voltage Humidity Range, g/m3
"ﬁggfse } [1+0,010 (n/8-11) 1Sh /6 <15 -
Aternative § |1+0,012 (h/8-11) 1$h/3 <15
Continue ¥ 11+0,014 (h/6-11) 15h/5 <13
Pour les valsura h/8 supérisures & 15 g/m3, Ierrsur peut ]
aller Jusqu'd =15%. o
For valuss of h/8 in excess of 15 g/m?3 errors os much as
. ~15% moy occur.
| 1 { | | |
S 10 15 20 25 30 35
h/8 (g/m3)
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k as a function of the ratio of absolute humidity & to the relative air density §.
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Figure 4 Valueurs des exposants m pour la correction de la masse volumique de I"air et w pour la
correction de 'humidité en fonction du paramétre g : voir 11.2.3,

NOTE — Les valeurs des exposants m et w parvienment de valeurs expérimentaies, obtainues sous des
conditions variées. Néanmoins elles sont limitées & des altitudes entre le nivean de la mer et 2000 m,

Values of exponents m for air density correction and w for humidity correction as a func-
tion of parameter g: see 11.2.3

NOTE -— The values of exponents m and w have been deduced from experimentsal values obtained in
different conditions. However, they are limited to altitudes above the sea level of less than 2000 m.
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a/m3 1 , R =
40 : 100%
34
35 - <
<& 32
_ & 807
30 : - ‘(‘\)& 30r
5
25
60%
20 ‘§
' 40%
15 %

Humidité absolue de 1'air en fonction des indications des thermomatres sec et humide;
voir 11:5. Les courbes d*humidité relative sont également donées.

Absolute humidity of air as a function of dry- and wet-bulb thermometer readings; see
11.5. Curves of relative humidity are also given.
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Figure 6  Choc de foudre plein.
Full lightning impulse,
ud
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Figure 7 Choc de foudre coupé sur le front.

Lightning

impulse chopped on the front.
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Figure 8 Choc de foudre coupé sur ia queue.
Lightning impulse chopped on the tail.
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Figure 9 Choc coupé ayant un front linéaire.

Linearly rising front chopped impulse.
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Exemples de chocs de foudre avec des oscillations ou un lancé.

a,b La valeur de la tension d’essai est déterminées par une courbe moyenne (en lignes
pointillées).

c,d La valeur de Ia tension d’essai est déterminées par la valeur de créte.

e.f,g,h Aucan renseignement général ne peut étre donné pour 1a détermination de la valeur
de créte,

Examples of lightning impulses with oscillations or overshoot.

a,b The value of the test voltage is determined by a mean curve (broken line),

c,d The value of the test voltage is determined by the crest value,

e,f,g.h No general guidance can be given for the determination of the value of the test
voltage.
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Figure 11  Courbe tension/temps pour tensions de choc ayant une forme présumée constante,

Voltage/ftime curve for impulses of constant prospective shape,
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Figure 12 «Amplitnde maximale admissible des oscillations sur l¢ front de Fonde».

“Maximum permissible amplitude of oscillations on the wave-front”.
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Figure 13  Choc de manoeuvre plein,

Full switching impulse.
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Figure 14 a) Choc de courant — Exponentielle,

Figure 14 b) Choc de courant - Rectangulaire.
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Impulse current ~— Exponential.

Impulse current — Rectangular.
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Figure 15 a) Exemple de circuit d’essat pour essais sous tensions combinées.

Example of test circuit for combined voltage tests.

WAWAWA
(VARV2AV,

U.—

u=uts v

Figure 15 b) Exemple de formes de tension pendant des essais sous tensions combinées donnant la va-
leur U de la tension d’essai.

Example of voltage waves during combined voltage tests giving value of test voltage U,
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Figure 16  Résistivité de la solution aqueuse de chlorure de sodium (NaCl), en fonction de Ia salinité
a la température ¢ de la solution de 10°C, 20°C et 30°C.

NOTE — La salinité est exprimée en grammes par litre d&terminée % la température da 20°C.

Resistivity of a solution of sodium chloride (NaCl) in water, as a function of salinity at so-
lution temperature ¢ of 10°C, 20°C, and 30°C.

NOTE — The salinity is expressed in grams per litre as determined at a tamperature of 20°C.
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Figure 17  Densité de la solution agueuse de chlorure de sodium (NaCl), en fonction de la salinité &

la température ¢ de 1a solution de 10°C, 20°C, et 30°C.
NOTE — La salinité est exprimee en grammes par litre determinée  la température de 20°C.

Density of solution of sodium chloride (NaCl) in water, as a function of salinity at solu-
tion temperature ¢ of 10°C, 20°C, and 30°C,

NOTE — The salinity is expressed in grams per litre as determined at a tempersture of 20°C,
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Coupe & angle drolt et polie
Square-cut and polished

Air comprimé
Caompressed air

.
80
o= 3 + 0.05
' = 1.2 4002
d' = 3 1005
. d* = 2 + 0.02
N
Trou de fizalion
Clamping hole
B
Solut_ion
Dimensions en millimétres Dimensions in millimetres
A = corps en plexiglas A = perspex body
B = raccord normalisé pour un tube de diamatre B = standard coupling for 8 mm nominal bore tube
intérieur nominal de 8 mm (acier inoxydable) (stainless steel)

C = acier inoxydable {vis de serrage de filetage
nominal S de 6 mm avec un tube de 1,6 mm
de diameme intérieur)

D = nylon (filetage nominal SI de 6 mm, vis de
16 mm de longueur svec un tube concentrique
en acier inoxydable)

E = cheville en plexiglas E = perspex plug

C = stainless stee! (6 mm nominal SI thread with
1,6 mm bore tube)

D = nylon (6 mm nominal SI thread, 16 mm long
screw with concentric stainless stesl tube)

Figure 18  Pulvérisateur de brouillard salin; voir annexe A,

Saline fog jet; see Appendix A.
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Figure 19 a) Disposition verticale de 1'éclateur pointe/pointe,

Vertical arrangement of rod/rod gap.

— b=— 2505 d £ 2500

=700 >1000 — e >1000
300 P
[
bl
i

i z 4000
Isolateur | |
Insulator | i
L
i
|
el

A R R R R RN

Figure 19 b) Disposition horizontale de 1’éclateur pointe/pointe.

Horizontal arrangement of rod/rod gap.

Copyright by the International Electrotechnical Commission
Tue Jun 29 10:01:56 2004



IEC &0 PTx1 89 WE 4844891 0059981 T WA

- 130 - 60-1 @ CEI 1989

\\ ©
+

U

) !—-——Af t ————
_.|. _

b)

Figure 20  Définition du décalage temporel At.
a) Combinaision de deux tensions de choc.
b) Combinsision d'une tension de choc et une tension alternative 4 fréquence industrielle.

Definition of time defay At.
a} Combination of two impulse voltages.
b) Combination of an impulse voltage and a power frequency alternating voltage.
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Publications de 1a CEI préparées
par le Comité d’Etudes n° 42

52 (1960)

Recommendstions potr la meswre dea tensions an
moyen d'éelateurs & sphéres {ape sphire & Ia terre).

60:~ Techniques des easais & haute tension.

0-1(1989)
60-2(1973)
60-3(1976)
60.4 (1988)

270(1981)
790 (1984)

B833{1987)

Publication 60-1

Premitre partic: Définilions et prescriptions générales
relatives aux essais,

Deuxidme partie: modalités 4'esanis,

Troisitme partic: Dispositifs de mesure.

Quatritme partic: Guide d'application das dispositifs
de mesure.

Mestre des décharges particiles, -

Orcillographes et voltmétrea de créte pour caxsis de
choc.

Mesuroe des champs  électriques 3 fréquence
industrielle.
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IEC publications prepared
by Technical Committee No. 42

32(1960)

Recommandations for voltage measurement by means
of sphere-gepa (onc sphere carthed).

60:~ High-voltage test techniqucs.

60-1 (1989}

60-2 (1973)
60-3 (1976)
60-4 (1958}

270 (1981)
790 (1984)

833 (1987)

Part |: General definitions and teet requisements.
Part 2; Test procedures,

Part 3: Mcasuring devices,

Part 4: Application guide for measuring devices.

Partin| dizcharge measurements.
Oacillozcopes and peak voltmeters for inpulse teats.

Measuremient of power-frequency electric fickds.
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IEC Publication 60-1
(Second edition - 1989)

High-voltage test techniques

Part 1: Ganeral definitions
-and test requirements

CORRIGENDUM

Page 112

Figure 1

Remplacer la figure existante par la nouvelle figure suivante:
Replace the existing figure by the following new figure.

12 - -
E 4L _
(] B -
4 _
3
- ; _
- I -l
+ 750
_ . ; -
0 500 1000 1500 2000
U (kV) peak

Figure 1 — Distance minimale D des objets sous tension ou & la terre & I'électrode

Mars 1992

sous tension d’un objet en essal, pendant un essai en tension alternative
ou en tension de choc de manoceuvres positive avec tension maximale U
appliquée pendant I'essal.

Minimum ciearance D of extraneous live or grounded objects to the
energized electrode of a test object, during an a.c. or positive switching
impulse test at the maximum voltage U applied during test.

March 1892
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Publication 60-1 de la CEI
{Dauxidme &dition - 1989)

Techniques des essais
a haute tension

Premidre partie: D&finitions et prescriptions
générales relatives aux essais

IEC Publication 60-1
(Sacond edition - 198%)

High-voltage test techniques

Part 1: General definitions and
tast requirements

CORRIGENDUM

Couverture, page 1

Numéro de référence, au lieu de:
CEI/IEC 6-1: 1989

lire:

CEI/IEC 60-1: 1989

Couverture—page=3-

Publications de lo CEl préparées
par le Comité d'Etudes n® 42,
supprimer:

60-2 (1973) Deuxidme partie: Moda-
lités d'essais.

{La CEI 60-1 (1989) remplace la CE/
60-1 (19732): Premiére partie: Défi-
nitions et prescriptions générales
relatives aux essais, et la CE/

60-2 (1973); Deuxiéme partie:
Modalités d'essais.)

Remplacer:
60-4 (1988)
par:

60-4 (1977)

Mars 1990
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Cover, page 1

Reference number, Instead of:
CEI/IEC 6-1: 1989

read:

CEI/IEC 60-1: 1989

IEC publications prepared by Tech-
nical Committee No. &2, delete:

60-2 (1973) Part 2: Test proce-
dures.

{IEC 60-7 (1989} supersedes both
IEC 60~1 (1973): Part 1: General
definitions and test requirements,
and IEC 80-2 (1973): Part 2: Test
procedures.)

Replace:

60-4 (1988)

by:

60-4 (1977)

March 1990



