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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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169 INTERNATIONAL ELECTROTECHNICAL COMMISSION

170

171

172 HIGH-VOLTAGE TEST TECHNIQUES -

173

174 Part 1: General definitions and test requirements

175

176

177 FOREWORD

178 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
179 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
180 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
181 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
182 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
183 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
184 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
185 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
186 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
187 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
188 consensus of opinion on the relevant subjects since each technical committee has representation from all
189 interested IEC National Committees.

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

194 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
195 transparently to the maximum extent possible in their national and regional publications. Any divergence between
196 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
197 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
198 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
199 services carried out by independent certification bodies.

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

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

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

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

210 International Standard |EC 60060-1 has been prepared by IEC technical committee 42: High-
211 voltage test techniques.

212 This fourth edition of [EC 60060-1 cancels and replaces the third edition, published in 2010,
213 and constitutes a technical revision.

214 The significant technical changes with respect to the previous edition are as follows:

215 a) The general layout and text was updated and improved to make the standard easier to use.

216 b) The positive tolerance of the front time of lightning impulse was extended for Um > 800 kV
217 to 100 % ( = 2,4 ps)

218 c) For switching impulse voltage a front time was introduced, similar to lightning impulse
219 voltage.

220 d) With the new front time the standard switching impulse is defined as 170/2500 ps.
221 e) The requirements for precipitations were adjusted depending on Um.
222 f) Annex C “Procedure for manual calculation from graphical waveforms” was incorBrated.
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223  f) No examples for software were given in Annex D “Guidance for implementing software for

224 evaluation of lightning impulse voltage parameters”
225  g) Annex about “Background to the introduction of the test voltage factor for evaluation of
226 impulses with overshoot” was deleted.
227 h) A new informative Annex F “New definition of the front time of switching impulse voltage”
228 was incorporated.
229
FDIS Report on voting

42/xx/FDIS 42/xx/RVD

230

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

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

234 A list of all the parts in the IEC 60060 series, under the general title High-voltage test
235 techniques, can be found on the IEC website.

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

239 e reconfirmed;
240 e withdrawn;
241 e replaced by a revised edition or

242 e amended.

243

244
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HIGH-VOLTAGE TEST TECHNIQUES -

Part 1: General definitions and test requirements

1 Scope

This part of IEC 60060 is applicable to:

— dielectric tests with direct voltage;

— dielectric tests with alternating voltage;

— dielectric tests with impulse voltage;

— dielectric tests with combinations of the above.

This part is applicable to tests on equipment having its highest voltage for equipment U,, above
1 kV AC and 1,5 kV DC.

NOTE 1 Alternative test procedures may be required to obtain reproducible and significant results. The choice of a
suitable test procedure should be made by the relevant Technical Committee.

NOTE 2 For voltages Uy, above 800 kV some specified procedures, tolerances and uncertainties may not be
achievable.

2 Normative references

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

EC 60060-4, High-voltage test techniques — Part 2: Measuring systems
EC 60270, High-voltage test techniques — Partial discharge measurements
EC 60507, Artificial pollution tests on high-voltage insulators to be used on a.c. systems

IEC 61083-1, Instruments and software used for measurement in high-voltage impulse tests —
Part 1: Requirements for instruments

EC 61083-4, Digital recorders for measurements in high-voltage impulse tests — Part 2:
Evaluation of software used for the determination of the parameters of impulse waveforms

EC 624795, High-current test techniques: Definitions and requirements for test currents and
measuring systems

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.1 Definitions related to characteristics of discharges

3.1.1

disruptive discharge

phenomenon associated with the failure of insulation under electrical stress which includes a collapse
of voltage and the passage of current

Note 1 to entry: The term applies to electric breakdown in solid, liquid and gaseous dielectrics and combination of
these.

Note 2 to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength; in a liquid
or gaseous dielectric the loss may be temporary only.

[IEV 614-03-16]

3.1.2
sparkover
disruptive discharge in a gaseous or liquid insulating material

[IEV 212-11-48]

3.1.3

flashover

electric breakdown between conductors in a gas or a liquid or in vacuum, at least partly along
the surface of solid insulation

[IEV 212-11-47]

3.1.4

puncture

disruptive discharge occurring through a solid insulation material, producing a path of
permanent damage

Note 1 to entry: The term puncture is also used as a synonym for electric breakdown in solids.

[IEV 212-11-49]

3.1.5

disruptive discharge voltage value

value of the test voltage causing disruptive discharge, as specified, for the various tests, in
the relevant clauses of the present standard

3.1.6

non-disruptive discharge

discharge between intermediate electrodes or conductors where the test voltage does not
collapse to zero

Note 1 to entry: Such an event should not be interpreted as a disruptive discharge unless so specified by the relevant
Technical Committee.

Note 2 to entry: Some non-disruptive discharges are termed “partial discharges” and are dealt with in |[EC 60270.
3.2 Definitions relating to characteristics of the test voltage

3.21
prospective characteristics
characteristics which would have been obtained if no disruptive discharge had occurred.
When a prospective characteristic is used, this shall always be stated.
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3.2.2
actual characteristics
those characteristics which occur during the test at the terminals of the test object

3.2.3
value of the test voltage
as defined in the relevant clauses of this standard

3.24

withstand voltage

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

Note 1 to entry: Unless otherwise specified, withstand voltages are referred to standard reference atmospheric
conditions (see Clause 4.3.1)

Note 2 to entry: This applies to external insulation only.

3.2.5

assured disruptive discharge voltage

specified prospective voltage value which characterizes its performance with regard to a
disruptive-discharge test

3.2.6

voltage dip

a sudden reduction of the voltage at a point in an electrical system followed by voltage
recovery after a short period of time from a few cycles to a few seconds

[IEV 161-08-10 modified]

3.3 Definitions relating to tolerance and uncertainty

3.31
tolerance
constitutes the permitted difference between the measured value and the specified value

Note 1 to entry: This difference should be distinguished from the uncertainty of a measurement.

Note 2 to entry: A pass/fail decision is based on the measured value, without consideration of the measurement
uncertainty.

3.3.2

uncertainty (of measurement)

parameter, associated with the result of a measurement, that characterizes the dispersion of
the values that could be reasonably attributed to the measurand

[IEV 311-01-02 with modified notes]
Note 1 to entry: In this standard, all uncertainty values are specified at a level of confidence of 95 %.

Note 2 to entry: Uncertainty is positive and given without sign.

Note 3 to entry: It should not be confused with the tolerance of a test-specified value or parameter.
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356 3.4 Definitions relating to statistical characteristics of disruptive discharge voltage

357 values

358  3.4.1

359  disruptive discharge probability
360 p

361 probability that an application of a certain prospective voltage value of a given shape will
362  cause disruptive discharge on the test object

363 Note 1 to entry: The parameter p may be expressed as a percentage or a proper fraction.
364 3.4.2

365  withstand probability

366 q

367 probability that an application of a certain prospective voltage value of a given shape does not
368  cause a disruptive discharge on the test object

369 Note 1 to entry: If the disruptive discharge probability is p, the withstand probability ¢ is (1 — p).

370 3.4.3
371 p % disruptive discharge voltage
372 U,

373 prospective voltage value which has p % probability of producing a disruptive discharge on
374 the test object

375 Note 1 to entry: Mathematically the p % disruptive discharge voltage is the quantile of the order p (or p quantile) of
376 the breakdown voltage.

377 Note 2 to entry: Ui is called the “statistical withstand voltage” and Ug is called the “statistical assured disruptive
378 discharge voltage”.

379 3.4.4
380 50 % disruptive discharge voltage
381 Uso

382 prospective voltage value which has a 50 % probability of producing a disruptive discharge on
383  the test object

384 3.4.5
385 arithmetic mean value of the disruptive discharge voltage
386 U,

n

— 1
Ua T Ui

387 =
388 where
389 U, is the measured disruptive discharge voltage and
390 n is the number of observations (discharges).
391 Note 1 to entry: For symmetric distributions Uy is identical to Ugq
392  3.4.6
393  standard deviation of the disruptive voltage
394§

395 a measure of the dispersion of the disruptive discharge voltage estimated by
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2
s=,—>(U,-U,)
n—143
where
U; is the it" measured disruptive discharge voltage and
U, is the arithmetic mean of the disruptive discharge voltages (in most cases it is identical
to Usg).

n is the number of observations (discharges).

Note 1 to entry: It can also be evaluated by the difference between the 50 % and 16 % disruptive discharge voltages
(or between the 84 % and 50 % disruptive discharge voltages). It is often expressed in per unit or percentage value
referred to the 50 % disruptive discharge voltage.

Note 2 to entry: For successive disruptive-discharge tests the standard deviation s is defined by the formula. For
multiple level and up-and-down tests it is defined by the difference of the quantiles. The methods are equivalent
because, between p = 16 % and p = 84 % all distribution functions are nearly identical.

3.5 Definitions relating to classification of insulation in test objects

3.5.1

external insulation

distances in atmospheric air, and along the surfaces in contact with atmospheric air of solid
insulation of the equipment which are subject to dielectric stresses and to the effects of
atmospheric and other environmental conditions from the site

Note 1 to entry: Examples of environmental conditions are pollution, humidity, vermin, etc.

[IEV 614-03-02]

3.5.2

internal insulation

internal distances of the solid, liquid or gaseous insulation of equipment which are protected
from the effects of atmospheric and other external conditions

[IEV 614-03-03]

3.5.3

self-restoring insulation

insulation which completely recovers its insulating properties within a short time interval after
a disruptive discharge

[IEV 614-03-04]

3.5.4

non-self-restoring insulation

insulation which loses its insulating properties, or does not recover them completely, after a
disruptive discharge

[IEV 614-03-05]

Note 1 to entry: 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 insulation in this respect should be taken into account by the relevant Technical Committee when
specifying the test procedures to be applied.
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435 4 General requirements

436 4.1 General requirements for test procedures

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

441 — the required measurement uncertainty;

442  — the random nature of the observed phenomena;

443  — any polarity dependence of the measured characteristics;

444  — the possibility of progressive deterioration with repeated voltage applications.

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

447 At the time of a test, the test object should have become acclimatised as much as practicable
448 to the ambient atmospheric conditions of the test area. The period allocated to reach equilibrium
449 should be recorded.

450 4.2 Arrangement of the test object in dry tests

451 The disruptive discharge characteristics of a test object with external insulation may be affected
452 by its general arrangement (for example, proximity effects such as distance in air from other
453 live or earthed structures, height above ground level and the arrangement of its high-voltage
454 lead). The general arrangement should be specified by the relevant Technical Committee.

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

460 NOTE 2 In the case of AC or positive switching-impulse voltage tests above 750 kV (peak) the influence of an

461 extraneous structure may be considered as negligible if its distance from the energized electrode is also not less
462 than the height of this electrode above the ground plane. A guide for recommended minimum clearance is given in
463 Figure 1, as a function of the highest test voltage. Significant shorter clearances may be suitable in individual cases.
464 However, an experimental adaptation or a field calculation, taking into account a voltage dependent maximum field

465 strength as described in the literature, is recommended.
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Figure 1 — Recommended minimum clearance D of extraneous live or earthed objects to
the energized electrode of a test object, during an AC or positive switching impulse test
at the maximum voltage U applied during test

If not otherwise specified by the relevant Technical Committee, the test should be made at
ambient atmospheric conditions in the test area without extraneous precipitation or pollution.
The procedure for voltage application shall be as specified in the relevant clauses of this
document.

4.3 Atmospheric corrections in dry tests
4.3.1 Standard reference atmosphere

The standard reference atmosphere is:

— temperature to = 20 °C;
— absolute pressure pog = 1013 hPa (1 013 mbar);
— absolute humidity hy = 11 g/m3.

NOTE 1 An absolute pressure of 1 013 hPa corresponds to the height of 760 mm of the mercury column in a mercury
barometer at 0 °C. If the barometer height is H mm of mercury, the atmospheric pressure in hectopascal is
approximately

p=1,333-H hPa

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

NOTE 2 Instruments automatically correcting pressure to sea level are not suitable and should not be used.
4.3.2 Atmospheric correction factors for air gaps

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 about 80 %, the
disruptive-discharge voltage becomes irregular, especially when the disruptive discharge
occurs over an insulating surface.

NOTE Atmospheric corrections do not apply to flashover, only to sparkover.

The disruptive discharge voltage is proportional to the atmospheric correction factor K; that
results from the product of two correction factors:

— the air density correction factor k4 (see 4.3.4.1);
— the humidity correction factor k, (see 4.3.4.2).

Kt = klkz

4.3.3 Application of correction factors
4.3.31 Standard procedure

By applying correction factors, a disruptive discharge voltage measured in given test conditions
(temperature ¢, pressure p, humidity #) may be converted to the value, which would have been
obtained under the standard reference atmospheric conditions (¢, py, %g)-

Disruptive discharge voltages, U, measured at given test conditions are corrected to U,
corresponding to standard reference atmosphere by dividing by K;:
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505 UO = U/Kt

506 The test report shall always contain the actual atmospheric conditions during the test and the
507 correction factors applied.

508 4.3.3.2 Converse procedure

509 Conversely, where a test voltage is specified for standard reference conditions, it shall be
510 converted into the equivalent value under the test conditions and this may require an iterative
511 procedure.

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

515 U=U/K,

516 ~ However, as U enters into the calculation of K}, an iterative procedure might have to be used
517 (see Annex E).

518 NOTE 1 The test for the correct choice of U for the calculation of K is to divide U by K. If the result is the specified

519 test voltage, Uy, then a correct choice of U has been made. If Uy is too high, U has to be reduced but if it is too low,
520 it has to be increased.

521 NOTE 2 When K is close to unity, iterative calculation is not necessary.

522 NOTE 3 In correcting power-frequency voltage the peak value has to be used, because the discharge behaviour is
523 based on the peak value.

524  4.3.4 Correction factor components
525 4.3.4.1 Air density correction factor, k,

526  The air density correction factor k, depends on the relative air density 6 and can be generally
527 expressed as:

528 k=06

529 where m is an exponent given in 4.3.4.3.

530  When the temperatures ¢ and ¢y are expressed in degrees Celsius and the atmospheric
531 pressures p and p, are expressed in the same units, the relative air density is:

=£X273+t0
p, 273+t

o
532

533  The correction is considered reliable for 0,8 < k4 < 1,05.

534 4.3.4.2 Humidity correction factor, k,

535 The humidity correction factor may be expressed as:

_ LW
536 ky =k
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where w is an exponent given in 4.3.4.3 and k is a parameter that depends on the type of test
voltage and may be obtained as a function of the ratio of absolute humidity h, to the relative air
density &, using the following equations (Figure 2):

DC k=1+0,014 (h/6-11) — 0,00022 (h(s — 11) for 1 g/m3<h/5< 15 g/ m3
AC k=1+0,012 (h/5-11) for 1 g/m3 < h/&< 15 g/ m3
Impulse  k=1+0,010 (h/5-11) for 1 g/m3 < h/6 < 20 g/ m3

NOTE The impulse equation is based on experimental results for positive lightning impulse waveforms. This equation
also applies to negative lightning impulse voltages and switching impulse voltages.

1,2
1,15
1,1 = ap
- i
= e g
1,05 "
z — = DC
- AC
1,0 = = = = |mpulse
L2 4
0,95 N
L
. s
0,9 ‘/
7
7
0851
0,8
0 5 10 15 20 25 30
s (g/md) IEC 2205/10

Figure 2 — k as a function of the ratio of the absolute humidity 4 to the relative air
density 6 (see 4.3.4.2 for limits of applicability)

For insulation of power equipment of U, < 72,5 kV (or approximately gap lengths / < 0,5 m) no
humidity correction can at present be specified.

NOTE For specific apparatus, the relevant Technical Committee has specified other procedures (e.g. |EC 62271-1).
4.3.4.3 Exponents m and w
As the correction factors depend on the type of pre-discharges, this fact can be taken into

account by considering the parameter:

g= Us
500Lok

where Ugq is the 50 % disruptive-discharge voltage (measured or estimated) at the actual
atmospheric conditions, in kilovolt peak, L the minimum discharge path in m, ¢ the relative air
density and & the dimension less parameter defined in 4.3.4.2.

In the case of a withstand test where an estimate of the 50 % disruptive discharge voltage is
not available, Usg can be assumed to be 1,1 times the test voltage, Uj,. Documents
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560 The exponents, m and w, are obtained from Table 1 for the specified ranges of g (Figure 3).

561 Table 1 — Values of exponents, m for air density correction and w for humidity
562 correction, as a function of the parameter g
o] m w
<0,2 0
0,2t0 1,0 9(g-0,2)/0,8 9(g-0,2)/0,8
1,0t0 1,2 1,0 1,0
1,2t02,0 1,0 (2,2-9)(2,0-9)/0,8
>2,0 1,0 0
1,1
1,0
0,9

0,8 /
07 /
2 0,6

0,5
y /
0,3
0,2
0,1
0

0 020406081012141618 2022242628 3,0

g IEC 2206/10

563
564 Figure 3a — Values of exponent m for air density correction as a function of parameter g
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565
566 Figure 3b — Values of exponent w for humidity correction as a function of parameter g

567 Figure 3 — Values of exponents m and w
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568 4.3.5 Measurement of atmospheric parameters
569  4.3.5.1 Humidity

570 The humidity should preferably be determined with an instrument measuring directly the
571 absolute humidity with an expanded uncertainty not larger than 1 g/m?.

572 Measurement of relative humidity and the ambient temperature can also be used for the
573  determination of the absolute humidity, using the formula below, provided that the uncertainty
574  of the absolute humidity determination in this case is the same as required above.

17,6

B 6,11-R-e23+
0,4615-(273+1)

575

576  where £ is the absolute humidity in g/m3, R the relative humidity in percent and ¢ the ambient
577  temperature in °C.

578 NOTE This measurement may also be made by means of a ventilated wet and dry bulb hygrometer. The absolute
579 humidity as a function of the thermometer readings is determined from Figure 4, which also permits determination of
580 the relative humidity. It is important to provide adequate airflow so as to reach a steady state and to read the
581 thermometers carefully in order to avoid excessive errors in the determination of the humidity.
i
g/rn3 R=
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° Wet-bulb temperature
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> 4
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© 24§
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10 10
6 2 20 %
(]
9 4
5
% §§§§§ 10 %
0 S —
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IEC 2208/10
582
583 Figure 4 — Absolute humidity of air as a function of dry-
584 and wet-bulb thermometer readings

Documents

Document Sharing Hub

Full document details: 21/30396249 DC


http://www.avadocuments.com/doc/21-30396249-dc
http://www.avadocuments.com/doc/21-30396249-dc

IEC CD 60060-1/Ed4 © IEC: 2021 -19 - 42/391/CD

585 4.3.5.2 Temperature

586 The ambient temperature should be measured with an expanded uncertainty of not larger than
587 1°C.

588 4.3.5.3 Absolute pressure

589  The ambient absolute pressure should be measured with an expanded uncertainty of not larger
590 than 5 hPa.

591 4.3.6 Conflicting requirements for testing internal and external insulation

592 While withstand levels are specified under standard reference atmospheric conditions, cases
593 will arise where the application of atmospheric corrections (due to atmospheric conditions
504  differing from the standard reference ones) results in the withstand level for internal insulation
595 appreciably in excess of that for the associated external insulation. In such cases measures to
596 enhance the withstand level of the external insulation shall be adopted to permit application of
597 the correct test voltage to the internal insulation. These measures should be specified by the
598 relevant Technical Committee with reference to the requirements of particular classes of
599 apparatus and could include immersion of the external insulation in liquids or compressed
600  gases.

601 For those cases where the test voltage of the external insulation is higher than that of the
602 internal insulation, the external insulation can only be correctly tested when the internal
603 insulation is especially designed with increased strength. If not, the internal insulation should
604 be tested with the rated value and the external insulation be tested by means of test fixtures
605 unless the relevant Technical Committee states otherwise, in which case it shall specify the test
606 procedure to be used.

607 4.4 Wet tests
608 441 Wet test procedure

609 This wet test procedure is intended to simulate the effect of natural rain on external insulation.
610 It is recommended for tests with all types of test voltages and on all types of apparatus.

611 The relevant Technical Committee should specify the arrangement of the test object during the
612 test.

613 The test object shall be sprayed with water of prescribed resistivity and temperature (see Table
614  2)falling on it as droplets (avoiding fog and mist) and directed so that the vertical and horizontal
615 components of the spray intensity are approximately equal. These intensities are measured
616 with a divided collecting vessel having openings of 100 cm? to 750 cmZ2, one horizontal and one
617 vertical with the vertical opening facing the spray.

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

620 In general, the reproducibility of wet test results is less than that for other high-voltage
621 discharge or withstands tests. To minimize the dispersion, the following precautions shall be

622 taken:

623 — The collecting vessel shall be placed close to the test object, but avoiding the collection of
624 drops or splashes from it. During the measuring period, it should be moved slowly over a
625 sufficient area to average the effect of non-uniformities of the spray from individual

626 nozzles. This measuring zone shall have a width equal to that of the test object and a

627 maximum height of 1 m.
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— 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.

— For test objects exceeding 3 m in height, the number of measuring zones shall be
increased to cover the full height of the test object without overlapping.

— The above procedures shall be suitably adapted for test objects having large horizontal
dimensions.

— The spread of results may be reduced if the test object is cleaned with a surface-active
detergent, which has to 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 2.

Any type and arrangement of nozzles meeting the requirements given in Table 2 may be used.
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644 Table 2 — Precipitation conditions for standard procedure

Precipitation condition Unit Un < 550 kV Um > 550 kV

Average precipitation rate of all

measurements:
[mm/min] 1,0to 2,0 1,0 to 3,0

— vertical component )
[mm/min] 1,0 to 2,0 1,0 to 3,0

— horizontal component

Limits for any individual measurement . + 0,5 from average of + 1,5 from average of
[mm/min]

of vertical component vertical vertical

Limits for any individual measurement + 0,5 from average of + 1,5 from average of

of horizontal component [mm/min] horizontal horizontal

Temperature of water [°C] Ambient temperature Ambient temperature
+15 +15

Conductivity of water [uS/cm] 100 + 15 100 £ 15

645

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

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

657 Unless otherwise specified by the relevant Technical Committee, the test procedure for wet
658  tests shall be the same as that specified for the corresponding dry tests. The test duration for
659 an AC test shall be 60 s, if not otherwise specified. In general, for alternating and direct voltage
660 wet withstand tests, it is recommended that one flashover should be permitted provided that in
661 a repeat test no further flashover occurs.

662 4.4.2 Atmospheric corrections for wet tests

663 A density correction factor shall be applied as specified in 4.3, but no humidity correction factor
664 shall be applied for wet tests.

665 4.5 Artificial pollution tests

666 Artificial pollution tests are intended to provide information on the behaviour of external
667 insulation under conditions representative of pollution in service, although they do not
668 necessarily simulate any particular service conditions. They are described in [EC 60507.

669 5 Tests with direct voltage

670 5.1 Definitions for direct voltage tests

671 5.1.1
672  value of the test voltage
673 arithmetic mean value
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