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FOREWORD

Thee International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
alll national electrotechnical committees (IEC National Committees). The object ofEC is to prf
infernational co-operation on all questions concerning standardization in the electrical and'€lectronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC(National Committee inte
in|the subject dealt with may participate in this preparatory work. International, governmental and
governmental organizations liaising with the IEC also participate in this pregaration. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IELC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IE€\National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possiblg\in their national and regional publications. Any diver
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEL itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some.areds, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nq liability shall attach to 4EC: or its directors, employees, servants or agents including individual exper
me¢mbers of its technical.€ommittees and IEC National Committees for any personal injury, property dam
other damage of any.‘'nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Pdblications.

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

Atiention is drawn to the possibility that some of the elements of this IEC Publication may be the sub

rising
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paltent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60099-8 has been prepared by IEC technical committee 37: Surge
arresters.

This second edition cancels and replaces the first edition published in 2011. This edition
constitutes a technical revision.

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

a) The Lightning discharge capability test has been completely re-written and re-named to
Testto \/orrF\l the rnnnhh\ln r\harnn transfer rahng Qrs with ||nhfn|ng dlcr‘hargnc toreflect
hanges mtroduced in IEC 60099 4 Ed. 3 (2014) regarding new methods for rating the
hergy and charge handling capability of metal-oxide arresters. In addition to~testing to
valuate the performance of the MO resistors, procedures for evaluating the pérformance
f the EGLA series gaps have been introduced.

eans for determining the thermal time constant of the SUV portion of ‘the EGLA.
c) Definitions for new terms have been added

c
e
e
o
b) Jmissions from Ed. 1 of this standard have been included, notably an RIV test gnd a
m
D
d) A

number of NOTES in Ed. 1 have been converted to normative‘\requirements

A number of editorial changes have been made throughout the’document to improve graqnmar
and general flow of information.

The {ext of this International Standard is based on the(following documents:

FDIS Report on voting
37/436/FDIS 37/438/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the rgport on voting indicated in the above table.

This document has been draftedin accordance with the ISO/IEC Directives, Part 2.

A lisf of all parts of IEC 60098 series, under the general title Surge arresters, can be found on
the IEC website.

The gommittee has_decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

-

. Jconfirmed,
[l

° ithdrawn

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION
This part of IEC 60099 applies to the externally gapped line arrester (EGLA)

This type of surge arrester is connected directly in parallel with an insulator assembly. It
comprises a series varistor unit (SVU), made up from non-linear metal-oxide resistors
encapsulated in a polymer or porcelain housing, and an external series gap (see Figure 1).

The purpose of an EGLA is to protect the parallel-connected insulator assembly from
lightning-caused over-voltages. The external series gap, therefore, should spark over only

due = = : = front
over4voltages occurring on the system.

In th¢ event of SVU failure, the external series gap should be able to isolate the 'SVU from the
systgm.

Tower arm

j Insulator assembly
(insulator assembly,

/ S
1 V \

Series varistor unit ——» ! with/without arcing horns
i U ! or grading elements)
\ '
1 l 1
\
\
\

External series gap _—%

(without an insulator AR Conductor

in parallel) A

IEC

Figure 1 — Configuration of an EGLA with insulator and arcing horn
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1

This part of IEC 60099 covers metal-oxide surge arresters with external series gap (exte
gappged line arresters (EGLA)) that are applied on overhead transmission and distrib)
lines| only to protect insulator assemblies from lightning-caused flashovers.

This document defines surge arresters to protect the insulator assembly frem*lightning-c
over{voltages only. Therefore, and since metal-oxide resistors are not pesmanently conn
to th¢ line, the following items are not considered for this document:

Consljgering the particular design -cencept and the special application on over
trans|

as the verification test for coordination between insulator withstand and EGLA protsg
level| the follow current interrupting test, mechanical load tests, etc.

SURGE ARRESTERS -
Part 8: Metal-oxide surge arresters with external series gap (EGLA)

for overhead transmission and distribution lines
of a.c. systems above 1 kV

Scope

syitching impulse spark-over voltage;

—

gsidual voltage at steep current and switching current impdlse;

—

Rermal stability;

o

ng-duration current impulse withstand duty;

bwer-frequency voltage versus time characteristics of an arrester;

Q T

sconnector test;

aging duties by power-frequency voltage.

ission and distribution lines, some unique requirements and tests are introduced,

nally
ution

used
cted

head
such
ctive

Designs with the EGLA's-external series gap installed in parallel to an insulator ar¢ not

covefed by this document:

2

The following-documents are referred to in the text in such a way that some or all of

Normativesreferences

cited|applies. For undated references, the latest edition of the referenced document (incl
any amendments)apptes:

contgnt, constitutes requirements of this document. For dated references, only the e$ition

their

ding

IEC 60060-1:4989 2010, High-voltage test techniques — Part 1. General definitions and test
requirements

IEC 60060-2:4994 2010, High-voltage test techniques — Part 2: Measuring systems

IEC 60068-2-11:1981, Basic environmental testing procedures — Part 2-11: Tests — Test Ka:
Salt mist

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature
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‘ IEC 60099-4:2009 2014, Surge arresters — Part 4: Metal-oxide surge arresters without gaps
for a.c. systems

IEC 60270:2000, High-voltage test techniques — Partial discharge measurements

‘ IEC 60507:4994 2013, Artificial pollution tests on high-voltage ceramic and glass insulators to
be used on a.c. systems

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 1: Definitions, information and general principles

IEC 42217:2995 2012, Polymeric HV insulators for indoor and outdoor use—with—a—noefminal
voltagpe—>1-000-V — General definitions, test methods and acceptance criteria

(5]
=
il
D

®

o

-

®

X

Ry
R

)
8]
N

[0}

.

o
5

o

o~
5

[o}

1ISO 13274
o> GoL4

AL | ) o fin Af etulirel i

ISO 4287, Geometrical Product Specifications (GPS)— Surface texture: Profile method —
Terms, definitions and surface texture parameters

ISO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: Geheral
Guidance

ISO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenoh-arc
sourges

ISO 4892-3, Plastics — Methods of exposure to laboratory light sources — Part 3: Fluoregcent
UV lamps

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

ISO Ind IEC maintain terminological databases for use in standardization at the follqwing
addr¢sses:

EC Electropedia_available at http://www.electropedia.org/

$0 Onlinesrewsing platform: available at http://www.iso.org/obp

3.1
externally gapped line arrester
EGLA
arrester designed for installation on overnhead lines to protect an insulator assembly from
lightning-caused fast-front over-voltages only

Note 1 to entry: This is accomplished by raising the spark-over level of the external series gap to a level that
isolates the arrester from power-frequency over-voltages and from the worst case slow-front over-voltages due to
switching and fault events expected on the line to which it is applied.

3.2

series varistor unit

Svu

non-linear metal-oxide resistor part, contained in a housing, which must be connected with an
external series gap to construct the complete arrester

Note 1 to entry: The series varistor unit may include several units.
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3.3

section of an EGLA

complete, suitably assembled part of a complete EGLA necessary to represent the behaviour
of a complete EGLA with respect to a particular test

3.4

section of an SVU

complete, suitably assembled part of an SVU unit necessary to represent the behaviour of an
SVU with respect to a particular test

3.5

unit pf an SVU
completely housed part of an SVU which may be connected in series and/or in parallell with
other units of an SVU to construct, in combination with the external series gap, an"EGLA of
highgr voltage and/or current rating

3.6
rated voltage of an EGLA
Ul’
maximum permissible r.m.s. value of power-frequency voltage-that can be applied
contihuously between the EGLA terminals, and at which it is designed to operate correctly

Note 1 to entry: The rated voltage is used as a reference parameter for the”specification of operating and durrent
interrypting characteristics.

Note 7 to entry: Bifferentto-the rated-voltage of gapless{ine)arresters; The rated voltage of an EGLA is-a—vplage
that-may-be-applied-continuously comparable to Uc of all other {ypes of MO-arresters.

3.7
reference voltage of an SVU
Uref
peak|value of power-frequency voltage divided by V2, which should be applied to the SYU to
obtaih the reference current

Note 1 to entry: The reference voltage ,of‘a multi-unit SVU is the sum of the reference voltages of the indjvidual
units.

3.8
reference current of an'SVU
[ref
peak|value (the higher peak value of the two polarities if the current is asymmetrical) df the
resistive component of a power-frequency current used to determine the reference voltage of
the §vVU

Note 1 to entry: The reference current should be high enough to make the effects of stray capacitances [at the
measyred reference voltage of the SVU units negligible. It is to be specified by the manufacturer.

Note 27To enfry: Depending on the nominal discharge current of the EGLA, the reference current will be typically
in the range of 0,05 mA to 1,0 mA per square centimetre of metal-oxide resistor area for a single column SVU.

3.9

rated short-circuit current of an SVU
IS

r.m.s. value of the highest short-circuit current under which the SUV will not fail in a manner
that causes violent shattering of the housing and under which self-extinguishing of open

flames (if any) will occur within a defined period of time

3.10

residual voltage of an EGLA

peak value of voltage that appears across the terminal-to-terminal length of the EGLA
including series gap and connection leads during the passage of discharge current
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residual voltage of an SVU
peak value of voltage that appears between the terminals of the SVU during the passage of

disch

3.12

arge current

surface leakage current of an SVU

curre

3.13

nt that flows on the surface of the SVU

follow current

2017

Ifollov
the ¢

volta

3.14
spec
SLL
mech

appli

3.15
spec
SSL

greafest mechanical force perpendicular to the longitudinal axis of an SVU, allowed f

appli
circu
Svu

3.16

mean breaking load of an SVU

MBL

average breaking load for porcelaincor cast resin-housed SVUs determined from tests

3.17
high
peak

withgtand capability ofthe SVU on extreme lightning occasions

3.18
salt
SDD
amol
this d

urrent immediately following an impulse through an EGLA with the power-frequ
je as the source

ified long-term load of an SVU

anical force perpendicular to the longitudinal axis of an SVU, allowéed to be continu
bd during service without causing any mechanical damage to the~SVU

ified short-term load of an SVU

bd during service for short periods and for relatively rare events (for example, S
t current loads and extreme wind gusts) witheut causing any mechanical damage t

current impulse
value of discharge current having a 4/10 or 2/20 impulse shape, which is used to teg

Heposit density

nt of salt in the deposit on a given surface of the SVU housing, divided by the ar
urfacé; generally expressed in mg/cm?

ency

busly

o be
hort-
b the

t the

ba of

3.19

verification test for coordination between insulator withstand and EGLA protective level
test used to verify that the EGLA will exhibit correct sparkover operation and clamp the
overvoltage caused by lightning considerably lower than the flashover voltage of the parallel-
connected insulator assembly

3.20

vibration withstand test
test to verify that the SVU and its connectors can withstand the specified mechanical vibration
levels
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3.21

lightning impulse discharge
approximately sine half-wave current impulse having a time duration within 200 ys to 230 us
during which the instantaneous value of the impulse current is between 5 % and 100 % of its

peak

3.22

value

repetitive charge transfer rating

Ors

maximum specified charge transfer capability of an EGLA, in the form of a single event or
group of surges that may be transferred through an EGLA without causing mechanical failure

or un

Note 1
this st}
s and

4 |
4.1

An H
namg
e rd
e I
e C
e I
e
ey
e s

Information on required gap-spacing including tolerances shall be given in an approf

way,

4.2
EGL

ightning discharge capability\(only charge value) in C; example: "8 0.4 C".

acceptable electrical degradation to the MO resistors

to entry: The charge is calculated as the absolute value of current integrated over time. For the=purp
andard this is the charge that is accumulated in a single event or group of surges lasting for'/not more
Which may be followed by a subsequent event at a time interval not shorter than 60 s.

dentification and classification

EGLA identification

GLA shall be identified by the following minimum information, which shall appear
plate permanently attached to the arrester:

ted voltage U, in kV;

ted frequency in Hz, only if it is less than 48 Hzor/larger than 62 Hz;
assification series information (examples: "X4% "Y2");

ted short-circuit current /g in kA;

anufacturer’s name or trade mark;

bar of manufacture;

erial number (at least for arresters for-t,, Ug > 52 kV);

for example in the_manual.

EGLA classification

\s are classified by their nominal discharge currents and their high current im

with

perfdrmance characteristics specified in Table 3. These arresters have no operating dutie
slow{frontsurges and power-frequency over-voltages.

tand capabilities as per Table 1, and they shall meet at least the test requirements

bse of
han 2

on a

riate

bulse
and
s for
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Table 1 — EGLA classification — “Series X” and “Series Y*
Series X Series Y

Class name X1 X2 X3 X4 Class name Y1 Y2 Y3 Y4
Nominal discharge 5 5 10 20 Nominal discharge 5 10 15 20
current (kA), 8/20 current (kA), 2/20
High current impulse 40 65 100 100 High current impulse 10 25 40 65

(kA), 4/10 (kA), 2/20

corr

spnonds to the classification apnlied e ain Japnan on shielded line applications. Specification of wave s
™ ™ =) ™ ™t T

NOTE-1 "Series X" corresponds to the classification used in IEC 60099-4. A nominal discharge current of 8/20
wave shape and a high current impulse of 4/10 wave shape are used in IEC and in IEEE standards. "Series Y"

2/20

NOT
be a

both for the nominal discharge current and for the high current impulse is based on this special applica

E-2 According to service conditions, other high current impulse values than those specified in this-table
bplied.

hape
ion.

may

5 $tandard ratings and service conditions
5.1 | Standard rated voltages
Stanglard values of rated voltages (r.m.s. values) are specified” in Table 2 in equal voltage
stepg within specified voltage ranges.
Table 2 — Steps of rated voltages'(r.m.s. values)
Range of rated voltages (kV) Steps of rated voltage (kV)
3to 30 1
> 30 to 54 3
> 54 to 96 6
> 96 to 288 12
> 288 to 396 18
> 396 24
NOTE Other values of ratedywoltage may be acceptable, provided they are multiples of 6.
5.2 | Standard«rated frequencies
The standard.rated frequencies are 48 Hz to 62 Hz.
5.3 |.Standard nominal discharge currents
The standard nominal discharge currents for 8/20 or 2/20 shapes are: 5 kA, 10 kA, 15 kA and
20 kA.
5.4 Service conditions

5.4.1

Normal service conditions

EGLAs which conform to this document shall be suitable for normal operation under the
following normal service conditions:

a) a
b) a

mbient air temperature within the range of —40 °C to +40 °C;

Ititude not exceeding 1000 m;

c) frequency of the a.c. power supply not less than 48 Hz and not more than 62 Hz;
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d) power-frequency voltage applied continuously between the terminals of the EGLA not
exceeding its rated voltage;

e) mechanical conditions: not specified (see NOTE);
f) wind speed: not specified (see NOTE);

g) pollution conditions: pollution by dust, smoke, corrosive gases, vapours or salt may occur;
pollution does not exceed “heavy” as defined in IEC TS 60815-1.

NOTE It is recognized that mechanical and environmental issues are important for service, but due to the large
variety of possible installation configurations it is not possible to provide standard values for items e) and f).

5.4.2 Abnormal Special service conditions

Surge arresters subject to other than normal application or service conditions may require
spec|al consideration in design, manufacture or application. The use of this docunfent’in|case
of—abnormal special service conditions—shal—be is subject to agreement "between the
manufacturer and the purchaser. A list of possible special service conditions is givén in
Anngx C.

6 Requirements

6.1 Insulation withstand of the SVU and the complete EGLA

6.1.1 Insulation withstand of the housing of the SVU

The Iousing of the SVU shall withstand a lightning impulse voltage of

a) f

b) fgqr "Series Y": 1,13 times the residual voltage at high current impulse, but not less|than
3 times the residual voltage at nominaldischarge current

r "Series X": 1,4 times the residual voltage at\the nominal discharge current

—_

D

NOTE| The factor of 1,4 in case a) covers variations in atmospheric conditions up to 1 000m altitude and
dischgrge currents up to three times the nominaldischarge current.

6.1.2 Insulation withstand of EGLA with shorted (failed) SVU
The EGLA shall have the follJewing insulation withstand performance:

a) the EGLA shall withstand the specified switching impulse withstand voltage level gf the
siystem even if the-SVU has been shorted due to overloading (failure);

b) the EGLA shall\be able to withstand the maximum temporary over-voltages phase to
gfound for theirrmaximum durations even if the SVU has been shorted due to overloading
(fmilure).

6.2 | Residual voltages

The purpose of the measurement of residual voltages is to obtain the maximum residual
voltages for a given design for all specified currents and wave shapes. These are derived
from the type test data and from the maximum residual voltage at a lightning impulse current
used for routine tests as specified and published by the manufacturer.

The maximum residual voltage of a given EGLA design for any current and wave shape is
calculated from the residual voltage of SVU sections tested during type tests multiplied by a
specific scale factor plus a calculated inductive voltage drop across the SVU, the gap and
connection leads. The scale factor is equal to the ratio of the declared maximum residual
voltage, as checked during the routine tests, to the measured residual voltage of the sections
at the same current and wave shape.

The value of the residual voltage of the EGLA at nominal discharge current and at high
current impulse, respectively, multiplied by a factor as given in 6.1.1, shall be lower than the
minimum flashover voltage of the insulator assembly to be protected.
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6.3 High current duty

The capability of the SVU for discharging operations shall be demonstrated by injecting two
high current impulses.

6.4 Lightning discharge capability

The capability of the metal-oxide resistors including the series gap of the EGLA to withstand
lightning discharges having current waveforms with durations of several tens of microseconds
for arresters applied on shielded lines and several hundreds of microseconds for arresters on
unshielded lines shall be demonstrated. The related test also covers effects of multiple
||ghtr ;Ilu Otl;lr\UD.

6.5 | Short-circuit performance of the SVU

The manufacturer shall claim a short-circuit rating of the SVU. The short-circuit curfents
accofding to this rating shall not cause violent shattering of the SVU, andany open flames
shall[self-extinguish in a given time.

NOTE| The gap is not subject of the short-circuit tests on the SVU, and its short-gircuit
perfgrmance-sheuld is recommended to be verified separately. (Fhe gap should be able to
mainfain its mechanical integrity after having been subjected to the rated short-circuit cyrrent
of th¢ EGLA, and its spark-over voltage should not be decreaséd.

6.6 | Mechanical performance

For the EGLA to be mounted on transmission towers or poles, mechanical performan¢e to
withgtand tensile, bending and/or vibration loads:due to wind pressure, conductor vibration
abnormal load during installation work and moisture ingress shall be demonstrated.

The @pplicable values of tensile and bending loads shall be agreed between the manufaqturer
and the purchaser.

The $VU shall be able to withstand\the vibration load to be expected in service.

NoTE| The complete EGLA including gap assembly and mounting structure should be ahle to
withgtand at least the same-mechanical stress.

6.7 | Weather aging,of SVU

The [SVU must> be able to withstand the environmental stress expected in sefvice.
Envilonmentalitests demonstrate by accelerated test procedures that the sealing mechgnism
and [the _.exposed metal combinations of the SVU are not impaired by environmental
condj|tions.) For SVUs with polymer (composite and cast resin) housings, resistance tp UV
radiation’has to be demonstrated in addition.

6.8 Reference voltage of the SVU

The reference voltage (U,es) of the SVU shall be measured at the reference current on
sections and units when required. The measurement shall be performed at an ambient
temperature of 20 °C + 15 K, and the actual temperature shall be recorded.

NOTE As an acceptable approximation, the instantaneous value of the current at the instant of voltage peak-may
can be taken to correspond to the peak value of the resistive component of current.
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6.9 Internal partial discharges

The level of internal partial discharges in the SVU in the tests according to 9.1 and 10.3 shall
not exceed 10 pC.

6.10 Coordination between insulator withstand and EGLA protective level

The correct coordination between flashover characteristics of the insulator assembly, the
spark-over voltage of the EGLA with front-of-wave and standard lightning impulses and the
residual voltage of the EGLA at nominal discharge current and, for “Series Y” arresters, at
high current impulse shall be demonstrated.

Any gpark-over operation for lightning impulse voltage shall occur in the external series~gpp of
the HGLA, without causing any flashover of the insulator assembly to be protected.

The vyalue of

—h

o fqr "Series X": 1,4 times the residual voltage at the nominal discharge cdrrent according to

Thble 1 and 8.3.3;

o fgr "Series Y": 1,13 times the residual voltage at high current.impulse, but not less|than
3 times the residual voltage at nominal discharge current accerding to Table 1 and 8.3.3
apd 8.3.4.

—_

must|be lower than Usg |nsylator MiNUs X times the standard*deviation, (Usg |nsulator = X |* ©),
of th¢ insulator assembly to be protected, where o = 0,03 and X is to be agreed upon between
manufacturer and user, a recommended value being-X7 2,5.

6.11| Follow current interrupting

Follow current interrupting operation of the<EGLA under wet and polluted conditions shall be
demg@nstrated by a test procedure which takes these operating conditions into accpunt.
Perfgrming a follow current interrupting<test is mandatory, either as a type test accordipg to
8.8 or as an acceptance test according'to 10.6.

6.12| Electromagnetic compatibility

Arregters are not sensitive'to electromagnetic disturbances, and therefore no immunity test is
necepsary.

In ngrmal working. operating conditions, the EGLA shall not emit significant disturbances.
A raqdio interference voltage test (RIV) shall be applied as an acceptance test to the compplete
EGLA (see (1014). The maximum radio interference level of the EGLA energized af the
maximum_continuous phase to ground system voltage (US/\/3) shall not exceed 2 500 pV.

6.13 LEnd of life

On request from users, each manufacturer shall give enough information so that all the
arrester components may be scrapped and/or recycled in accordance with international and
national regulations.

7 General testing procedure

7.1 Measuring equipment and-aceuracy uncertainty

The measuring equipment shall meet the requirements of IEC 60060-2 and IEC 60099-4. The
values obtained shall be accepted as-accurate uncertainty for the purpose of compliance with
the relevant test clauses.
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Unless stated elsewhere, all tests with power-frequency voltages shall be made with an
alternating voltage having a frequency between the limits of 48 Hz and 62 Hz and an
approximately sinusoidal wave shape.

7.2

Test samples

Unless otherwise specified, for each test item, the complete test sequence shall be carried
out on the same test sample. The number of test samples is given in Table 3. The test
samples shall be new, clean, completely assembled and arranged to simulate the condition in
service.

When tests are made on sections or units, the following shall be fulfilled:

a) T
0
b) T
N
T

c)

-

(S

= 0 0

€

o <

The factor n of the test samples shall be recorded in‘the test report.

8 1

8.1

Tablg¢ 3 identifies the type tests that shall be performed on the complete EGLA d

comy

I unit is defined as n.

he volume of the resistor elements used as test samples shall not be-~greater tha
inimum volume of all resistor elements used in the complete EGLA divided by n.

he reference voltage U, of the SVU of the test section should befequal to the min
ference voltage of the SVU of the EGLA divided by xn. If the reference voltage of the

the test section is greater than the minimum reference neltage of the SVU o
bmplete EGLA divided by n, the factor n shall be reduced correspondingly. |

bltage of the SVU of the complete EGLA divided by », the test section is not allow
e used.

['ype tests

General

onents of the EGLA.

he ratio between rated voltage of the complete EGLA to the rated voltage of ¢he”sdction

h the

mum
Svu
f the
I the

ference voltage of the SVU of the test section is less than the minimum refenence

ed to
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Table 3 — Type tests (all tests to be performed with or without insulator
assembly; by manufacturer's decision)

) Number Section Unit Section | Clause
Test item of test EGLA of of of SVU | number
samples EGLA Svu

Insulation withstand tests
1.1 Housing withstand test of SVU 1 Test 8.2.2
1.2 EGLA withstand test with failed SVU 1 Test 8.2.3
2. Residual voltage tests 3 Test 8.3
3. Sthndard lightning impulse sparkover test 1 Test g.4
4. High current impulse withstand test 3 Test 8.5
e e 3 oot o4
5. Tgst to verify the repetitive charge transfer 10 (20) Test 8p.1

rating, Q , with lightning discharges:

MP resistors
6. Tgst to verify the repetitive charge transfer 1 Test 8.6.2

rating, Q , with lightning discharges

S¢ries gap
7. Short-circuit tests 4o0r5 Test 8.7
8. Fdllow current interrupting test ©) 1 Test 9 A\ Test © 4.8
9. Bgnding test 3or6 Test 8.p.2
10. \fibration test ¢ 1 Test © 8.9.3
11. Weather aging test 1 Test 8]10
12. Hadio interference voltage (RIV) test q Test 8[11

his test is mandatory if not performed as an acceptance test in accordance with 10.5.

his test is mandatory if not performed as-afY’acceptance test in accordance with 10.6.

his test is mandatory if not performed as an acceptance test in accordance with 10.7.

V
H
1
T
¢} Thhis test is performed either on a complete EGLA or a section of an EGLA, see 8.8.2.
T
Tlhe vibration test is performed-on.one complete SVU, see 8.9.3.1
.

his test is mandatory if not-performed as an acceptance test in accordance with 10.4

8.2 | Insulation withstand tests on the SVU housing and on the EGLA with failed SYyU
8.2.1 General

Thesg teSts* demonstrate the lightning impulse withstand voltage of the SVU housing under

8.2.2 Insulation withstand test on the SVU housing
8.2.2.1 General

This test demonstrates the dielectric withstand capability of the external housing of the SVU
against lightning impulse voltages.

8.2.2.2 Test procedure

The SVU housing shall be subjected to a standard lightning impulse voltage dry test according
to procedure B in 7.3.1.2 of IEC 60060-1:2010.
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The test shall be performed on the SVU housing with the highest specific voltage stress per
unit length. The non-linear metal-oxide resistors shall be removed or replaced by parts of
insulating material.

Fifteen consecutive impulses at the test voltage value shall be applied for each polarity.

Test voltage:

a)

for "Series X": 1,4 times the residual voltage at the nominal discharge current according to
Table 1 and 8.3.3.

b) for—Series—Y" 1,1’2 timas thae rasidual \lr\lfagn at high current impnlen’ but-not-less-than

and 8.3.4.

113 times the residual voltage at nominal discharge current according to Table 1 and 8.3.3

If thg dry arcing distance or the sum of the partial dry arcing distances is larger,_than the test

voltapge divided by 500 kV/m, this test is not required

Evaltiation: The SVU shall be considered to have passed the test if the’number of external

disruptive discharges does not exceed two in each series of 15 impulses.

8.2.3 Insulation withstand tests on EGLA with failed SVU

8.2.3.1 General

A swijtching impulse wet withstand voltage test and a-power-frequency wet withstand voltage
test ghall be performed simulating a failed SVU. Theypurpose of these tests is to demongtrate
that po spark-over under switching surge and power-frequency over-voltages will occur |f, as

the worst case scenario, the SVU is shorted by a-failure.

8.2.3.2 Switching impulse wet withstand voltage test

Test|procedure

The fest procedure shall be as follows:

Test|sample: EGLA with shorted SVU. The failed SVU shall be simulated by shorting the|SVU
with g metal wire, while‘the electrode condition shall be specified after agreement betyween

the
be specified by the manufacturer.

Test|voltage.and test condition:

a)

b)

c)

anufacturer and¢the purchaser. The minimum external series gap length for the test|shall

he withstand voltage value shall be claimed by the manufacturer or determined by
agréement between the manufacturer and the purchaser, considering the-aetual maximum
pkaspective switching impulse-withstand over voltage level of the line The altitudle of

installation and of the test laboratory shall be considered to determine the test voltages.

The 50 % flashover voltage (Usg ggra) is measured by the up-and-down method in
accordance with IEC 60060-1 for each polarity on the EGLA with the SVU shorted. The
wave shape of the test voltage shall be 250/2500.

The characteristic of the rain shall be in accordance with the requirements of
IEC 60060-1.

Evaluation: The withstand voltage of the EGLA is determined as

Uto, EGLA = Uso, EGLA (1 -1,3 0),
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calculated from the measured 50 % flashover voltage and the standard deviation o, which is
assumed to be 6 % (o = 0,06) for switching impulse voltage. The EGLA has passed the test if
the withstand value is equal to or higher than the claimed or agreed value.

NOTE For a normal distribution, as assumed here, the 10 % probability value results from the 50 % probability
value minus 1,3 times the standard deviation.

8.2.3.3 Power-frequency wet withstand voltage test

The test procedure shall be as follows:

Test Svu
with gap
electfodes shall be specified by the manufacturer or agreed upon between the manufaqturer
and the user.

Test|voltage and test condition:

a) Tlhe power-frequency wet withstand voltage test shall be performédin accordance| with
IEC 60060-1 on the EGLA with the SVU shorted.

b) The test voltage shall be 1,2 times the rated voltage of the EGLA:

c) The characteristic of the rain shall be in accordance’ with the requiremenfs of
IEC 60060-1.

Evaluation: The EGLA has passed the test if the sdmple withstands the test voltagge for
one minute.

8.3 | Residual voltage tests
8.3.1 General

This [test demonstrates that the residual voltages of the SVU and complete EGLA ynder
lightning impulses are in accordance~with the claimed values. All residual voltage tests [shall
be made on the same three sections of an SVU. The time between discharges shgll be
suffigient to allow the samples to-return to approximately ambient temperature. The resjidual
voltage of the EGLA is calculated from the measured residual voltage of the SVU sedtions
timeg a scale factor plus a, calculated inductive voltage drop across the SVU, the gap anf the
conngction leads. The résidual voltage of the SVU is calculated from the measured residual
voltape of the SVU sections times a scale factor plus a calculated inductive voltage |drop
acrogs the SVU.

8.3.2 Procédure for correction and calculation of inductive voltages

In cajse of current wave shape 2/20, the following procedure shall be used to determinelif an
indugtive correction is required. A current impulse as described above shall be applied| to a
metal block having the same dimensions as the resistor samples being tested The peak Value
and the shape of the voltage appearing across the metal block shall be recorded. If the peak
voltage on the metal block is less than 2 % of the peak voltage of the resistor samples, no
inductive correction to the resistor measurements is required. If the peak voltage on the metal
block is between 2 % and 20 % of the peak voltage on the resistor sample, then the impulse
shape of the metal block voltage shall be subtracted from the impulse shape of each of the
resistor voltages, and the peak values of the resulting impulse shapes shall be recorded as
the corrected resistor voltages. If the peak voltage on the metal block is higher than 20 % of
the peak voltage on the resistor samples the test circuit and the voltage measuring circuit
shall be improved.

NOTE A possible way to achieve identical current wave shapes during all measurements is to perform them with
both the test sample and the metal block in series in the test circuit. Only their positions relative to each other need
to be interchanged for measuring the voltage drop on the metal block or on the test sample.
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The sample impulse voltage wave shape (corrected if necessary) with the highest peak value
shall be used to determine the current impulse residual voltage of the SVU and the complete
EGLA, respectively, according to one of the following procedures a) or b):

Procedure a)

1) Multiply the sample impulse voltage wave shape by the scale factor (see 6.2).

2) From the wave shape of the current impulse, determine the rate of change of current
(di/dt) over the entire wave shape and multiply it by the inductance in order to determine
the inductive voltage drop:

u(t):L.ﬂ:L’-h-ﬂ
dt dt
where
u(t) is the inductive voltage drop in kV as a function of time;
Ly is the inductance per unit length in uyH/m; L’ =1 uH/m;
h is either the terminal-to-terminal length in m of the SVU ©r-of the complete EGLA

including series gap and connection leads;
dj/dt is the rate of change of current with time in kA/us.

>

3) Add the results of 1) and 2) on a wave shape basis; the peak value of the resulting vave

hape shall be taken as the actual current impulse residual voltage of the arrester.

n

Procédure b)

1) Multiply the peak value of the sample impulse‘voltage by the scale factor (see 6.2).
2) Determine the inductive voltage drop betWeen the arrester terminals using the follqwing

formula:
U =L a7 =L"-h Ja
dt T,
where
U is the peak value™of the inductive voltage drop in kV;
L is the induetance per unit length in uH/m; L’ = 1;
h is either the terminal-to-terminal length in m of the SVU or of the complete EGLA

including series gap and connection leads;

ﬂ

ig7the front time of the current impulse in us; 77 = 2;
I

[¢
3) Add<{the results of 1) and 2); the resulting value shall be taken as the actual cyrrent
rmputse Tesiduat vottage of thearrester:

iS the actual discharge current amplitude in kA.

8.3.3 Lightning current impulse residual voltage test

One lightning current impulse shall be applied to each of the three samples for each of the
following three peak values of approximately 0,5, 1 and 2 times the nominal discharge current
of the EGLA. Wave shape of the current shall be 8/20 for "Series X" arresters and 2/20 for
"Series Y" arresters according to Table 1.

For the current impulses,-the-tolerances—on-the-adjustment-of the-equipment-shall- be-such
that-the-measured—values—of- the-current-impulses—are there is no requirement for virtual time

to half value on the tail but tolerances on the virtual front time of the current impulses shall be
within the following limits:

a) for 2/20 current impulses: from 1,7 us to 2,3 pus for virtual front time;
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—From-18—psto22psforvirtual-time-to-halfvalue-on-the-tail;
b) for 8/20 current impulses: from 7 us to 9 us for virtual front time;
The lightning impulse residual voltage for "Series Y” arresters is determined as per procedure

a) or b) in 8.3.2. For "Series X” arresters, no inductive effects are necessary to consider.

The maximum values of the determined residual voltages shall be drawn in a residual voltage
versus discharge current curve.

The vyalue of

—_

. 4 times the residual voltage at the nominal discharge current according to T:able (1 for

$eries X" designs,

[ ]
-_—

3 times the residual voltage at nominal discharge current according“to Table {I for
$eries Y" designs,

shall[be lower than the minimum flashover voltage of the insulator assgmbly to be protejcted.
See also 10.5.3.

NoTE| If the routine test cannot be carried out on a complete’ SVU at nominal discharge
current, then tests-should shall be carried out at a current gn“the range of 0,01 to 1 timep the
nomipal discharge current for comparison with the complete) SVU.

8.3.4 High current impulse residual voltage test

This fest applies to "Series Y" designs only. OneMhigh current impulse of the wave shape|2/20
and g peak value according to Table 1 shall bé&’applied to each of the three samples.

For the current impulses,-the-tolerances—on-the-adjustment-of the-equipment-shall-be{such

that the-measured-values—of the-current-impulses—are there is no requirement for virtualltime
to haff value on the tail but toleranc€s on the virtual front time of the current impulses shall be
within the following limits:

— from 1,7 ps to 2,3 ps-for virtual front time;
The high currentsimpulse residual voltage is determined as per procedure a) or b) in 8.3.2.

The palue<ef™,13 times the high current impulse residual voltage shall be lower thap the
minimumiflashover voltage of the insulator assembly to be protected. See also 10.5.3.

8.4 Standard lightning impulse sparkover test

This is a mandatory type test only if not an acceptance test for each specific insulator
assembly according to 10.5 is performed. As a type test, it is performed without the insulator
assembly.

The purpose of this test is to determine the 50 % spark-over voltage of the EGLA under
lightning impulse voltage stress.

The test sample is one EGLA with the maximum gap distance for a given designated system,
without the insulator assembly.

Wave shape shall be 1,2/50. The 50 % spark-over voltage (Usg ggLa) Shall be verified by the
up-and-down method according to IEC 60060-1.
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NOTE 1 The protective margin between the spark-over voltage of the EGLA and the flashover voltage of the
insulator assembly to be protected-may can be evaluated by Uy, g 4 Plus X times the standard deviation, (Us,
ecla t X-c) not being higher than Uso. Insulator minus X times the standard dev_iation, (Usg, Insulator — X°0) of the
insulator assembly to be protected, if agreed between manufacturer and user. X is to be agreed upon between the
manufacturer and the user. The standard deviation (o) is set to be 3 % for 1,2/50 impulses.

NOTE 2 A-recommended typical value for X is 2,5.

NOTE 3 Experience during testing has shown that the spark-over voltage of the EGLA-may can be influenced by
the close vicinity of the insulator assembly.

8.5 High current impulse withstand test

8.5.1—Selection-of-test-samples

The {est shall be performed on three sections of an SVU. The sections shall have-a.residual
voltape at nominal discharge current at the highest end of the variation range declared bl the
manufacturer. In order to comply with these specifications the following shall berulfilled:

a) Tlhe ratio between the residual voltage at nominal discharge current of, the complete|SVU
and the residual voltage at nominal discharge current of the sectiop, is“defined by n| The
vplume of the resistor elements used as test samples shall noty-be greater than the
minimum volume of all resistor elements used in the complete SMUW divided by n.

b) The reference voltage U, of the SVU of the test section sheuld be equal to the minjmum
g¢ference voltage of the SVU of the EGLA divided by x. If the-reference voltage of the|SVU
of the test section is greater than the minimum reference\wvoltage of SVU of the complete
EIGLA divided by n, the factor n shall be reduced correspondingly. If the reference volltage
o]
c

—

the SVU of the test section is less than the minimum reference voltage of SVU df the
bmplete EGLA divided by r, the test section is not.allowed to be used.

8.5.2 Test procedure

0
Two high current impulses of same polarity,~having peak valuesjttelepaneeﬁﬁ%é and vave
+

shapps according to Table 1, shall be applied to the three sections. Time interval betweeh the
impu|se applications shall allow thessample to cool to ambient temperature.

The {olerances on the adjustment of the equipment shall be such that the measured valuges of
the current impulses are within the following limits:

a) for 2/20 current impulses:

—| from 90 % to\ 110 % of the specified peak value;

—| from 1,7-us*to 2,3 us for virtual front time;

—| from18/us to 22 ps for virtual time to half value on the tail;

—| thle peak value of any opposite polarity current wave shall be less than 20 % df the
peak value of the current;

— small oscillations on the impulse are permissible provided their amplitude near the
peak of the impulse is less than 5 % of the peak value. Under these conditions, for the
purpose of measurement, a mean curve shall be accepted for determination of the
peak value.

=

b) fo
— from 90 % to 110 % of the specified peak value;

4/10 current impulses:

— from 3,5 us to 4,5 us for virtual front time;
— from 9 us to 11 us for virtual time to half value on the tail.

— the peak value of any opposite polarity current wave shall be less than 20 % of the
peak value of the current;

— small oscillations on the impulse are permissible provided their amplitude near the
peak of the impulse is less than 5 % of the peak value. Under these conditions, for the
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purpose of measurement, a mean curve shall be accepted for determination of the
peak value.

8.5.3 Test evaluation

a) The reference voltage measured before and after the test shall have changed by not more
than 10 %.

b) Any change in residual voltage at nominal discharge current measured before and after
the test shall be within (- 2 % to + 5 %).

c) Visual examination of the test samples after the test shall reveal no evidence of puncture,

flashover and cracking or other significant damage of the test sample. If the metal-oxide
regsistors—canmot be Temovedfromthetestsamptesfor visuatexamimation, the—fotigwing
aflditional tests shall be performed to ensure that no damage occurred during_ the|test.
After the residual voltage test (b), two impulses at nominal discharge current_shgll be
applied to the test sample. The first impulse shall be applied after sufficient/time to pllow
c
a
s

boling of the sample to ambient temperature. The second impulse is applied 50 s to|60 s
ter the first one. During the two impulses, the oscillograms of both voltage and cyrrent
nall not reveal any breakdown, and the difference of the residual vigltage between the
initial measurement before the test and the last of the two impulses @fter the test sha|l not
ekceed arange of (-2 % to + 5 %).

8.6 | Test to verify the repetitive charge transfer rating, 0,,-with lightning discharges

copoaiibatest
8.6.1 MO resistors

8.6.1).1 General

The purpose of this test is to verify the repetitive cRarge transfer rating, O,,, of an EGLA.

Repdtitive charge transfer capability is sp&Cified as an impulse current stress that cgn be
withgtood by the MO resistors of an EGLA twenty times without mechanical or unacceptable
electfical damage. One impulse curren®sstress is considered to represent a charge trapsfer
evenf that may occur under real system conditions.

The fepetitive charge transfer. rating is related to a certain very low failure probability and is
thus |not a deterministic byt,a statistical value. The test is performed on individual MO
resisfors at a charge value in the range 1,1 to 1,2 times the rated value selected from thle list
in 8.6.1.5. By this appreach it is assumed that the performance of the individual MO resijstors
can plso be assigneéd)to a full EGLA built from these MO resistors, based on the| test
requirements and the/chosen statistical approach.

Charpe has (been chosen as a test basis for the purpose of better comparison betiveen
diffefent makes of MO resistors.

For thisest the current impulse shape shall be approximately sinusoidal. The time duration
for which the instantaneous value of the impulse current is between 5 % and 100 % of its
peak value shall be within 200 us to 230 ps. The peak of any opposite polarity current wave
shall be less than 5 % of the peak value of the current. The current peak value of each
impulse on each test sample shall lie between 90 % and 110 % of the selected peak value.

An EGLA shall be assigned a Q¢ value from the list given in 8.6.1.5.

A first test sequence shall be performed on 10 samples of MO resistors selected according to
8.6.1.2. If not more than one MO resistor fails, the entire test is passed. If two MO resistors
fail, a second sequence identical to the first shall be performed on an additional 10 samples.
The entire test shall then be passed if there is no failure of an MO resistor during this second
sequence. If more than two MO resistors fail in the first test sequence or any MO resistor fails
in the second test sequence, the entire test is failed.
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8.6.1.2 Selection of test samples

This-test shall-be-performed-on-three-samples—These The test samples shall include complete

SVUs, SVU sections or metal-oxide resistor elements which have not been subjected to any
previous tests except as necessary for evaluation purposes of this test.

The samples to be chosen for the-lightring—impulse—discharge—capability test to verify the

repetitive charge transfer rating shall have a residual voltage at nominal discharge current at
the highest end of the variation range declared by the manufacturer. Furthermore, in the case
of multi-column—arresters SVUs, the highest value of uneven current distribution shall be
considered. In order to comply with these specifications the following shall be fulfilled.

a) The ratio between the residual voltage at nominal discharge current of the complete|SVU
ahd the residual voltage at nominal discharge current of the section is defined by’ n| The
vplume of the resistor elements used as test samples shall not be greater than the
nlinimum volume of all resistor elements used in the complete SVU divided. by, 7.

b)

—

he reference voltage U, of the SVU of the test section should be equalto the minjmum
g¢ference voltage of the SVU of the EGLA divided by xn. If the referencetvoltage of the|SVU
the test section is greater than the minimum reference voltage of“SVU of the comfplete
GLA divided by #n, the factor n shall be reduced correspondingly. If the reference voltage
the SVU of the test section is less than the minimum reference voltage of SVU df the
bmplete EGLA divided by r, the test section is not allowed {o,be used.

—

he samples shall be of the longest length of the type of\WO resistors used in the d¢sign,
jhd shall have a 10-kA residual voltage stress of not ¢gss than 0,97 x (U (o per mm of
O resistor length) 5, Where (U;q (o Per mm of M@ resistor length),,, is the highegt 10-
A residual voltage stress specified by the manufagturer for any length of the type of MO
t{sistors used in the arrester. If only samples.of lower 10-kA residual voltage stresp are

ailable, the required transferred charge shall be increased for the test by the factor
1o ka Per mm of MO resistor length) 4D 0 ka per mm of MO resistor length)

o
N—
SO X =0 4 00 MmO

max actual"

8.6.1.3 Test procedure
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Figure 2 gives an overview of the test procedure.

Initial tests
e Residual voltage test at nominal discharge current

e Reference voltage test at specified reference current

Application of 1,1 times Q¢
e 1Stsequence: 20 impulses per sample (10 samples)

e if not more than one sample failure during 13! sequence: test passed

e if not more than two sample failures during 15! sequence: conduct 2"9 sequence with 10 samples, 20
impulses per sample

if more than two sample failures in 15! sequence or any sample failure in 2" sequence: test faiIQ

Test|evaluation: check for Qy
e no mechanical damage at visual inspection (\
e change of reference voltage within +5 % (19
. change of residual voltage at nominal discharge current within +5 % .
e withstand capability to one 8/20 current impulse of at least 0,5 kA/cn@’ak current density|or 2
times 7., whichever is lower Q
Fa\
D IEC

Figure 2 — Test procedure to verify the repetitive
charge transfer rating, Q

&

Ten fest samples shall be tested in the first sequence{Depending on the results, it mgy be
necepsary to test an additional ten samples in a sec sequence.

. _ _ A
The $amples shall fulfil the requirements in 8.6.1\{2)

@
The following procedure shall be followed:, *>

a) Hach sample shall be subjected f < residual voltage test at nominal discharge cyrrent
hd a reference voltage test at $Re ified reference current before and after the test.

Q

b) Ejach sample shall be subjected to twenty current impulses administered in ten groups of
wo impulses, with time a&éen impulses within a group of 50 s to 60 s and time between
roups sufficient for cooling to ambient temperature.

—

g
c) The wave shape an@ufation of the current impulses shall be as 8.6.1.
d) The charge corﬁ of each impulse shall be at least equal to the claimed repdtitive
charge transf@ ing (selected from the list given in 8.6.1.5) multiplied by 1,1.

NOTE| The retﬁment of testing at least 1,1 times the rated charge values is considered to give sufficient
confidence th performance of the individual MO resistors can also be assigned to complete arresterp built
from this ty, MO resistors.

8.6.1.4((/ Test evaluation

The full test shall be considered passed if either.

a) not more than one sample failed during the first sequence, or
b) not more than two samples failed during two sequences.

Otherwise, the test is considered as failed and a lower charge level, O, from the list shown
in 8.6.1.5 shall be selected, and the test shall be repeated for this lower charge level following
the procedure given in 8.6.1.3.

NOTE If only one failure occurs during the first sequence and this happens, in the worst case, at the very first
impulse application, 180 impulses without failure will have been applied at the end, giving a failure probability of
max. 1/181 = 0,0056 or 0,56 % for the complete test. If two failures occur during the first sequence and this
happens, again as a worst case, at the very first applications on two of the samples, 360 impulses without failure
will have been applied at the end of both sequences, giving again a failure probability of max. 2/362 = 0,0056 or
0,56 % for the complete test.
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Each individual sample shall be considered to have withstood the complete series of impulses
if all the following criteria are met:

a) there is no indication of mechanical damage (puncture, flashover or cracking);

b) any change of the reference voltage before and after the test, measured at the same
temperature + 3 K, is within £5 %;

c) any change of the residual voltage at nominal discharge current before and after the test
is within +5 %;

d) a final application of a current impulse 8/20 us of an amplitude resulting in a current
density of at least 0,5 kA/cm2 or in 2 times I,,, whichever is lower, is passed without
nfechanical damage. Q

NOTE| Puncture of the metallization is not considered a mechanical damage if all other pass criteria@ et

8.6.1[.5 Lis@r‘ated charge values

@19 values, expressed in C, are standardized as rated charge values: 0,1; 0,2| 0,3;
0,8; 1; 1,2, 1,4; 1,6; 1,8; 2; 2,4; 2,8; 3,2; 3,6; 4:-4:4;4:8;5:2;5:6; 6, 6:4:6;

- :—5'1_5-5 y, 4 N

If higher values shall be specified this shall be done in steps of 0,4 C.

8.6.2 Series gap
8.6.2.1 General

This test applies to the series gap for externally gapped line arresters (EGLA) with gap
spacing of 20cm or less.

The purpose of this test is to verify the repetitive charge withstand capability of the series gap
under lightning impulse discharges. The test shall be performed on one series gap with a O
value not less than the Q¢ value specified for the MO resistors of SVU.
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8.6.2.2 Test procedure

Figure 3 gives an overview of the test procedure.

Pre- tests

e Determination of the 50 % spark-over voltage of the series gap under lightning impulse voltage stress
for both polarities. The shortest flashover distance for the design shall be used. The test can be
performed without the insulator assembly. The 50 % spark-over voltage (U, ) shall be

e . 50, EGLA series gap
verified by the up-and-down method according to IEC 60060-1 (refer to 8.4).

e For the application of lightning impulse discharges, the series gap can be integrated in series with one
of the ten test samples of test used in 8.6.1 to verify the repetitive charge transfer rating, Q. The
flashover distance of the series gap shall be adjusted to at least 10 mm to get an arc.

Appljcation of O ¢
20 impulses of lightning impulse discharges

Postttest
Repeat of pre-test to determine the 50 % spark-over voltage for both polaritieg

IEC

Figure 3 — Test procedure to verify the repetitivelcharge withstand
of the series gap

8.6.2.3 Test evaluation

The $0 % spark-over voltage for each polarity in the ‘post-test shall not have changed from the
valugs determined in the pre-test by more than £{¢"%.

8.7 Short-circuit tests
8.7.1 General

The manufacturer shall claim a ‘short-circuit rating of the SVU. SVUs shall be tested in
accofdance with this sub clause:="The test shall be performed in order to show that an|SVU
failure does not result in a yiolent shattering of the SVU housing, and that self-extinguishing
of ogen flames (if any) occurs within a defined period of time. Each SVU type is tested with
four yalues of short-circuit.currents. If the SVU is equipped with some other arrangement|as a
substitute for a conventional pressure relief device, this arrangement shall be included ih the
test.

The frequency.6f the short-circuit test current supply shall be between 48 Hz and 62 Hz.

With [respect to short-circuit current performance, it is important to distinguish between two
designs‘of SVUs:

“Design A” SVUs have a design in which a gas channel runs along the entire length of the
SVU unit and fills > 50 % of the internal volume not occupied by the internal active parts.

— “Design B” SVUs are of a solid design with no enclosed volume of gas or having an
internal gas volume filling < 50 % of the internal volume not occupied by the internal active
parts.

NOTE 1 Typically, “Design A” SVUs are porcelain-housed SVUs, or polymer-housed SVUs with a composite
hollow insulator which are equipped either with pressure-relief devices, or with prefabricated weak spots in the
composite housing which burst or flip open at a specified pressure, thereby decreasing the internal pressure.

Typically, “Design B” SVUs do not have any pressure relief device and are of a solid type with no enclosed volume
of gas. If the resistors fail electrically, an arc is established within the SVU. This arc causes heavy evaporation and
possibly burning of the housing and/or internal material. These SVUs’ short-circuit performance is determined by
their ability to control the cracking or tearing-open of the housing due to the arc effects, thereby avoiding violent
shattering.
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NOTE 2 "Active parts" in this context are the non-linear, metal-oxide resistors and any metal spacers directly in
series with them.

Depending on the type of SVU and test voltage, different requirements apply with regard to
the number of test samples, initiation of short-circuit current and amplitude of the first short-
circuit current peak. Table 4 shows a summary of these requirements which are further
explained in the following subclauses.

8.7.2 Preparation of the test samples

8.7.2.1 General

For the high-current tests, the test samples shall be the longest SVU unit used for the dégsign
with the highest rated voltage of that unit used for each different SVU design.

For the low-current test, the test sample shall be an SVU unit of any length with'the highest
rated voltage of that unit used for each different SVU design.

NoTE|Figure 4 shows different examples of SVU units.

In calse a fuse wire is required, the fuse wire material and size shall*be selected so thgt the
wire will melt within the first 30 electrical degrees after initiation of‘the test current.

NOTE| In order to have melting of the fuse wire within the. specified time limit and create a
suitaple condition for arc ignition, it is generally recommended that a fuse wire of g low
resistance material (for example copper, aluminium ogp-silver) with a diameter of about 0,2 mm
to 05 mm be used. Higher fuse-wire cross-sections are applicable to surge SVU |units
prepared for higher short-circuit test currents. When there are problems in initiating the grc, a
fuse |wire of larger size but with a diameter not<exceeding 1,5 mm, may be used since [t will
help jarc establishment . In such cases, a specially prepared fuse wire, having a larger cross-
sectipn along most of the SVU height withoa short thinner section in the middle, may| also
help.

8.7.2.2 "Design A" SVUs

The pamples shall be prepared with means for conducting the required short-circuit cyrrent
usind a fuse wire. The fuse jwire shall be in direct contact with the MO resistors anld be
positloned within, or as close as possible to, the gas channel and shall short-circuit the ¢ntire
interpal active part. Thevactual location of the fuse wire in the test shall be reported in the test
repoit.

No differences)with regard to polymer housings or porcelain housings are made in the
preparation_0fythe test samples. However, differences partly apply in the test procedure
(see 8.7.4:3)» In this case, "Design A" SVUs with polymeric sheds which are not madge of
porce¢lain.or other hollow insulators, and which are as brittle as ceramics, shall be considered
and fested as porcelain-housed SVUs.

8.7.2.3 "Design B" SVUs
8.7.2.3.1 General

"Design B" SVUs with polymeric sheds which are not made of porcelain or other mechanically
supporting structures, and which are as brittle as ceramics, shall be considered and tested as
porcelain-housed SVUs.

8.7.2.3.2 Polymer-housed SVUs

No special preparation is necessary. Standard SVU units shall be used. The SVU units shall
be electrically pre-failed with a power-frequency overvoltage. The overvoltage shall be run on
completely assembled test units. No physical modification shall be made to the units between
pre-failing and the actual short-circuit current test.
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The overvoltage given by the manufacturer should be a voltage exceeding the reference
voltage. It shall cause the SVU to fail within (5 + 3) min. The resistors are considered to have
failed when the voltage across the resistors falls below 10 % of the originally applied voltage.
The short-circuit current of the pre-failing test circuit shall not exceed 30 A.

The time between pre-failure and the rated short-circuit current test shall not exceed 15 min.

NOTE The pre-failure can be achieved by either applying a voltage source or a current source to the samples.

— Voltage source method: the initial current should typically be in the range 5 to 10 mA/cm?. The short-circuit
current should typically be between 1 A and 30 A. The voltage source need not be adjusted after the initial
setting, although small adjustments might be necessary in order to fail the resistors in the given time range.

—  Clirrent source method: Typically a current density of around 15 mA/cm? with a variation of + 50 %, Will|result
in| failure of the resistors in the given time range. The short-circuit current should typically be between 10 A
amd 30 A. The current source need not be adjusted after the initial setting, although small adjustments| might
b¢ necessary in order to fail the resistors in the given time range.

8.7.2.3.3 Porcelain-housed SVUs

The pamples shall be prepared with means for conducting the required .short-circuit cyrrent
usind a fuse wire. The fuse wire shall be in direct contact with then\MO resistors and be
located as far away as possible from the gas channel and shall short:circuit the entire internal
active part. The actual location of the fuse wire in the test shall be\reported in the test report.

8.7.3 Mounting of the test sample

The [SVU units to be tested can be either mounted{directly to a base according to the
mounting arrangements as shown in Figure 5a ,and Figure 5b, or mounted hanging in
accofdance with the installation recommendations “of the manufacturer. The choice of| test
installation is up to the manufacturer. In case of ‘suspended mounting, the bottom end gf the
SVU |shall be at the same level as the upper edge of the circular enclosure.

For § base-mounted SVU, the mountingtarrangement is shown in Figure 5a and Figurg 5b.
The (distance to the ground from thélinhsulating platform and the conductors shall be as
indicgted in Figure 5a and Figure 5b.

For mon-base-mounted SVUs:(for example, pole-mounted SVUs), the test sample shdll be
mournted on a non-metallic poje using mounting brackets and hardware typically used for real
servige installation. For the purpose of the test, the mounting bracket shall be considered|as a
part pf the SVU base.lln 'cases where the foregoing is at variance with the manufactyrer's
instructions, the SVUJ\shall be mounted in accordance with the installation recommenddtions
of the manufacturer” The entire lead between the base and the current sensor shall be
insulated for atyfeast 1 000 V. The top end of the test sample shall be fitted with the |base
assembly of thessame design of an SVU or with the top cap.

For Basemounted SVUs, the bottom end fitting of the test sample shall be mounted on g test
base|that is at the same height as a surrounding circular or square enclosure. The test [base
shall be of insulating material or may be of conducting material if its surface dimensions are
smaller than the surface dimensions of the SVU bottom end fitting. The test base and the
enclosure shall be placed on top of an insulating platform, as shown in Figure 5a and
Figure 5b. For non-base-mounted SVUs, the same requirements apply to the bottom of the
SVU. The arcing distance between the top end cap and any other metallic object (floating or
grounded), except for the base of the SVU, shall be at least 1,6 times the height of the sample
SVU, but not less than 0,9 m. The enclosure shall be made of non-metallic material and be
positioned symmetrically with respect to the axis of the test sample. It shall not be permitted
to open or move during the test. The height of the enclosure shall be 40 cm + 10 cm, and its
diameter (or side, in case of a square enclosure) shall be equal to the greater of 1,8 m or D in
the Equation below:

D:1,2X(2><H+stu)
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where
H is the height of tested SVU unit;
Dgyy is the diameter of tested SVU unit.

Porcelain-housed SVUs shall be mounted according to Figure 5a. Polymer housed SVUs shall
be mounted according to Figure 5b.

Test samples shall be mounted vertically unless agreed upon otherwise between the
manufacturer and the purchaser.

he mounting of the SVU during the short-circult test and, more specifically, the routing
of th¢ conductors-sheuld shall represent the most unfavourable condition in service.

NOTE| The routing shown in Figure 5a is the most unfavourable to use during the initial phase ,0f \the test pefore
venting occurs (especially in the case of a SVU fitted with a pressure relief device). Positioning the sample as
shown in Figure 5a, with the venting ports facing in the direction of the test source, may cause‘the external|arc to
be swept in closer proximity to the SVU housing than otherwise. As a result, a thermal shock effect may |cause
excessive chipping and shattering of porcelain weather sheds, as compared to the other,possible orientatipns of
the vgnting ports. However, during the remaining arcing time, this routing forces the~are to move away frdm the
SVU, Bnd thus reduces the risk of the SVU catching fire. Both the initial phase of the\test as well as the palt with
risk ofl catching fire are important, especially for SVUs where the external part of-the housing is made of polymeric
material.

For gll polymer-housed SVUs, the ground conductor-sheuldsshall be directed to the opposite
direction as the incoming conductor, as described in Figure. 5b. In this way, the arc willl stay
closq to the SVU during the entire duration of the short<circuit current, thus creating the [most
unfayourable conditions with regards to the fire hazard.

NOTE|In the event that physical space limitations.of the laboratory do not permit an enclgsure
of th¢ specified size, the manufacturer may choose to use an enclosure of lesser diametey.

8.7.j High-current short-circuit tests
1

8.7.4, General

Thre¢ samples shall be tested atcurrents based on selection of a rated short-circuit cyrrent
seledted from Table 5. All three samples shall be prepared according to 8.7.2 and mounted
accofding to 8.7.3.

Testg shall be made-in_a single-phase test circuit, with an open-circuit test voltage of 77|% to
107 % of the rated veltage of the test sample, as outlined in 8.7.4.2. However, it is expécted
that fests on high=voltage SVUs will have to be made at laboratories which might not have the
suffigient short<circuit power capability to carry out these tests at 77 % or more of thg test
sample ratéd—voltage. Accordingly, an alternative procedure for making the high-cufrent,
shortrcircuit*tests at a reduced voltage is given in 8.7.4.3. The measured total duration of test
curre|nt flowing through the circuit shall be > 0,2 s.

NOTE Experience from porcelain-housed arresters has shown that tests at the rated current do not necessarily
demonstrate acceptable behaviour at lower currents.

8.7.4.2 High-current tests at full voltage (77 % to 107 % of rating)

The prospective current shall first be measured by making a test with the SVU short-circuited
or replaced by a solid link of negligible impedance.

The duration of such a test may be limited to the minimum time required to measure the peak
and symmetrical component of the current waveform.

For “Design A” SVUs tested at the rated short-circuit current, the peak value of the first half-
cycle of the prospective current shall be at least 2,5 times the r.m.s. value of the symmetrical
component of the prospective current. The following r.m.s. value of the symmetrical
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component shall be equal to the rated short-circuit current or higher. The peak value of the
prospective current, divided by 2,5, shall be quoted as the test current, even though the r.m.s.
value of the symmetrical component of the prospective current may be higher. Because of the
higher prospective current, the sample SVU may be subjected to more severe duty, and,
therefore, tests at X/R ratio lower than 15 shall only be carried out with the manufacturer’s
consent.

For “Design B” SVUs tested at rated short-circuit current, the peak value of the first half- cycle
of the prospective current shall be at least V2 times the r.m.s. value.

For all the reduced short-circuit currents. the r.m.s. value shall be in accordance with Table 5
and Ilhe peak value of the first half-cycle of the prospective current shall be at least Y2 {imes

the rjm.s. value of this current.

The $olid shorting link shall be removed after checking the prospective current\and the|SVU
sample(s) shall be tested with the same circuit parameters.

NOTE| The resistance of the restricted arc inside the SVU may reduce the r.m.s. symmetrical component apd the
peak Yyalue of the measured current. This does not invalidate the test, since the test-is being made with af least
normdl service voltage and the effect on the test current is the same as would be“experienced during a fault in
servicp.

NoTE| The X/R ratio of the test circuit impedance, without, the SVU connected, should
preferably be at least 15. In cases where the test circuit impedance X/R ratio is less thap 15,
the test voltage may be increased or the impedance may ‘be reduced, in such a way that, for
the rated short-circuit current, the peak value of the first half-cycle of the prospective cyrrent
is equal to, or greater than, 2,5 times the required 4est current level. For the reduced cyrrent
level|tests, the tolerances in Table 5 are met.

8.7.4.3 High-current test at less than 77-% of rated voltage

When tests are made with a test circuit voltage < 77 % of the rated voltage of the| test
samples, the test circuit parameters shall be adjusted in such a way that the r.m.s. valyie of
the symmetrical component of the, actual SVU test current shall equal or exceed the required
test gurrent level of 8.7.4.

For “Design A” SVUs tested-at the rated short-circuit current, the peak value of the first|half-
cyclg of the actual SVU\ test current shall be at least 2,5 times the r.m.s. value of the
symmetrical component:of the actual SVU test current. The following r.m.s. value of the
symmetrical compohent shall be equal to the rated short-circuit current or higher. The |peak
valug of the actual- SVU test current, divided by 2,5 shall be quoted as the test cufrent,
even| though the-r.m.s. value of the symmetrical component of the actual SVU test cyrrent
may pe higher,

The [following exception for the test at rated short-circuit current is valid for “Design A”
pOIy har haniand S\vIUo onlhs (can Q 7 2_’) for tha dafinitian ~Af Aalhvymar Aand ~Aaranlain Kb Used

TCT— 1O oCT OOty (oCTCT—O71—= Z O o OO T O POty et oo P oTCCTaTTT it

SVUs): if the rated voltage of the test sample is more than 150 kV and a first peak value of
> 2,5 times the rated short-circuit current cannot be achieved, an additional test sample shall
be tested. This additional test sample shall be tested according to either 8.7.4.2 or 8.7.4.3.
It shall have a rated voltage of > 150 kV and shall also not be shorter than the shortest SVU
unit used for the actual SVU design. The rated short-circuit current value shall be the lowest
of the r.m.s. current from the test on the longest unit and the r.m.s. current defined according
to testing with either 8.7.4.2 or 8.7.4.3 from the test on the minimum 150 kV rated unit. Both
tests shall be reported.

For “Design B” SVUs tested at rated short-circuit current, the peak value of the first half- cycle
of the actual SVU test current shall be at least V2 times the r.m.s. value.
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For all the reduced short-circuit currents the r.m.s. value shall be in accordance with Table 5
and the peak value of the first half-cycle of the actual SVU test current shall be at least V2
times the r.m.s. value of this current.

NOTE Especially for tall SVUs that are tested at a low percentage of their rated voltage, the
first asymmetric peak current of 2,5 is not easily achieved unless special test possibilities are
considered. It is thus possible to increase the test r.m.s voltage or reduce the impedance so
that, for the rated short-circuit current, the peak value of the first half-cycle of the test current
is equal to, or greater than, 2,5 times the required test current level. In case of testing with a
generator, the first peak of 2,5 times the required test current can also be achieved by varying
the generator’s excitation. The current should then be reduced, not less than 2,5 cycles after
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5, should be quoted as the test current, even though the r.m.s. value of the symm
onent of the actual SVU test current may be higher. Because of the higher téstcu
ample SVU may be subjected to more severe duty and, therefore, tests at X/R ratio
15 should only be carried out with the manufacturer’s consent.

For “Design B” polymer-housed SVUs, even the first current peak~of V2 may n
y achieved unless special test facilities are considered. Pre-failed” SVUs can bui
derable arc resistance, which limits the symmetrical currenti:through the SVU.

e, preferably before the test samples have cooled down.

iently low impedance prior to applying the shorttcircuit current by reapplying the
j, or similar, circuit during a maximum of 2 syimmediately before applying the S
t test current (see Figure 6). It is acceptable to increase the short-circuit current g
pplied circuit up to 300 A (r.m.s). If so, itsymaximum duration, which depends o
nt magnitude, shall not exceed the following value:

trpf < Qrpf / Irpf

[

is the re-pre-failing timelin s;
is the re-pre-failing.charge in C; Orpf = 60 C;
is the re-pre-failing.current (r.m.s.) in A.

Low-current.short-circuit test

est shall be-made by using any test circuit that will produce a current through the
le of 600~A £ 200 A (r.m.s. value), measured at approximately 0,1 s after the start g
nt flowxFhe current shall flow for 1 s or, for “Design A” porcelain-housed surge S
venting occurs.
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Refer to Note 2 of 8.7.6 with regard to handling an SVU that fails to vent.

8.7.6

Evaluation of test results

The test is considered successful if the following three criteria are met.

a) No violent shattering.

NOTE

Structural failure of the sample is permitted as long as criteria b) and c) are met.

b) No parts of the test sample shall be allowed to be found outside the enclosure, except for

fragments, less than 60 g each, of ceramic material such as from metal-oxide resi
or porcelain;

pressure relief vent covers and diaphragms;

stors
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e soft parts of polymeric materials.

c) The SVU shall be able to self-extinguish open flames within 2 min after the end of the test.
Any ejected part (in or out of the enclosure) shall also self-extinguish open flames within 2
min.

NOTE A shorter duration of self-extinguishing open flames for ejected parts may be agreed
upon between the purchaser and the manufacturer.

NOTE If the SVU has not visibly vented at the end of the test, caution should be exercised, as
the housing may remain pressurized after the test. This note is applicable to all levels of test
current, but is of particular relevance to the low-current, short-circuit tests.

NOTE| It may be of particular importance for EGLA applications that safety considerations on
ejected fragments, mechanical integrity and even a certain strength after failure are requyired.
In thiat case, different test procedures and evaluations may be established. between the
manufacturer and the user (as an example, it may be required that after the 'tests the|[SVU
sheuld still be able to be lifted and removed by its top end).
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Table 5 — Required currents for short-circuit tests

Reduced short-circuit currents Low short-circuit
Rated short- X
circuit current current with a
1 +10 % duration
s of1s?
A A A

80 000 50 000 25000 600 + 200

63 000 25000 12 000 600 + 200

50 000 25000 12 000 600 + 200

40 000 25000 12 000 600 + 200

31 500 12 000 6 000 600 + 200

20 000 12 000 6 000 600 + 200

16 000 6 000 3 000 600 + 200

10 000 6 000 3 000 600 200

5000 3 000 1500 600 + 200
a) For SVUs to be installed in resonant earthed or unearthed (neutral systems, the
increase of the test duration to longer than 1 s, up to 30 min;~may be permitted after
agreement between the manufacturer and the purchaser. In\this case the low short-
circuit current shall be reduced to 50 A + 20 A, and the test’sample and acceptance

criteria shall be agreed between the manufacturer and the purchaser.

If an existing type of SVU, already qualified. for one of the rated currents in Table|5, is

qualified for a higher rated-current value available in this table, it should be tested| only
b new rated value. Any extrapolation can,only be extended by two steps of rated ghort-
t current.

If a new SVU type is to be qualified for a higher rated current value than available in

this table, it-sheuld shall be tested at the proposed rated current, at 50 % and at 25 % of this

rated

NOTE]
deen

current.

ed to have passed the.test for any value of rated current lower than this one.

If an existing SVU is qualified for one of the rated short-circuit currents in this table, it is
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IEC

Number of units = 1
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IEC

Number of units = 1

IEC

Number of units = 1

Case a)

One mechanical and
electrical unit

Case b)

Two mechanical internal
assemblies covered by one
common housing providing final
mechanical strength

Case ¢)

housing with an intermedijate

One mechanical unit covereIaby a
i
potential grading element

IEC

Number of unijts = 2

Number of units = 1

IEC

Number of units = 1

Case d)

Two mechanical units covered by
individual housings each and
assembled afterwards

Case €)

Two mechanical units of final
mechanical strength, intermediate
flanges covered by soft insulating

material after assembly

Case f)

Two mechanical units covered by
individual housings each and
assembled afterwards

Key

=
]
i

MO elements

Metallic parts

Mechanical structure for assembly

Final mechanically supporting part of housing

Soft outer part of housing

Figure 4 — Examples of SVU units
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Dimensions in metres

Flexible over a length

w
=) of at least 0,2 m
Svu
Venting system <

(if any)

o

+

<

Base 5

Enclosure % ©
Insulating

‘ platform

- IEC

Figure 5a — Circuit layout for porcelain-housed SVUs

(all leads and venting systems in the same plane)

Dimensions in metres

Flexible over a length
of at least 0,2 m

Svu
Venting system <
(if any) ;_
Enclosure ] Base g\
— Insulating
platform
Y

IEC

Figure 5b — Circuit layout for polymer-housed SVUs

(all leads and venting systems in the same plane)

Figure 5 — Short-circuit test setup
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SW 1
Short circuit
generator

SW 2
Test

&)
[ sample

~ IEC

NOTE| SW 1 is closed and SW 2 is opened to apply pre-failing level of current (maximum of 30 A, limifed by
impedgnce Z). After a maximum of 2 s, SW 2 is closed to cause the specified shert~circuit current to flow tHrough
the tegt sample.

Figure 6 — Example of a test circuit for re-applying-pre-failing circuit
immediately before applying the short-circuit test current

8.8 | Follow current interrupting test
8.8.1 General

This ftest is to verify follow current interrupting’operation of an EGLA after the series gap had
sparfed over under a lightning impulse voltage. The test sample is a complete EGLA|or a
sectipn of an EGLA.

This [test also verifies the performance of the EGLA under polluted conditions by taking into
accolnt the current that would flow over the surface of the SVU housing due to the presence
of a yvetted pollution layer.

This [test may be perforrmed either as a type test with an SDD level and EGLA configuration
seledted by the manufacturer or, alternatively, as an acceptance test with the SDD [level
agreéd upon betweén,the manufacturer and the purchaser, (see 10.6).

The follow curfent interrupting test shall be performed by either “Test method A” (see 8.8]2) or
“Tes{ method-B” (see 8.8.3). If the pollution severity on site is "Very heavy” according tp the
definjtioninn [EC TS 60815-1, "Test method B" shall be applied. Else, the choice of thg test

methpd.is upon the manufacturer. For “Test method A” the EGLA Housings shall be designed
accokds C 60815 series-

NOTE With "Test method A", the effect of pollution on the SVU external surface current is modelled by an
additional linear resistor connected in parallel to the SVU, and the test is performed under clean and dry
conditions. "Test method B" is a test under artificial pollution conditions.

8.8.2 "Test method A"
8.8.2.1 Requirements on the test circuit

The impedance of the power-frequency voltage source shall be such that during the flow of
follow current, the peak value of power-frequency voltage, measured at the EGLA terminals,
does not fall below the peak value of the rated voltage of the test specimen and after the
interruption of follow current, the peak voltage does not exceed the peak value of the rated
voltage by more than 10 %. An example of a test circuit is given in Annex A.
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8.8.2.2 Test procedure
The EGLA test sample shall be prepared as follows

a) The non-linear metal-oxide resistor part shall be a complete SVU, or an SVU section, or a
pile of metal-oxide resistor elements; the scale factor n (ratio of the rated voltage of the
complete EGLA to the rated voltage of the EGLA test sample) shall not be higher than
five. If the rated voltage of the complete EGLA is higher than 12 kV the rated voltage of
the test sample shall not be lower than 12 kV.

b) The volume of the resistor elements used as test samples shall not be greater than the
minimum volume of all resistor elements used in the complete SVU divided by n.

c) The reference voltage U, of the SVU of the test section should be equal to the minimum
réference voltage of the SVU of the EGLA divided by ». If the reference voltage of the|SVU
of the test section is greater than the minimum reference voltage of the, SYU of the
complete EGLA divided by n, the factor »n shall be reduced correspondingly. If the
reference voltage of the SVU of the test section is less than the minimum referlence
bltage of the SVU of the complete EGLA divided by n, the test section is not allowgd to
e used.

v
b
d) Allinear resistor shall be connected in parallel with the SVU in ordet'to provide sufficiently
h|gh follow current.
T

he external series gap shall be composed of the same eleCtrodes as those of the EGLA.
Its length shall be not greater than the minimum gap length’ specified by the manufac{urer.
It|lis not necessary to scale the gap.

The fest shall be conducted as follows:

A poer-frequency voltage equal to the rated voltage of the EGLA or EGLA section shall be
applied to the test sample.

The follow current flowing through the external series gap during the test will result ag the
additjon of the following two components:

o the leakage current on the SVW'polluted surface simulated by means of the linear resistor
cpnnected in parallel to the SYU;

e the internal resistive current through the non linear metal-oxide resistor blocks Wwhen
ehergised at the rated voltage.

The fesistance of the_linear resistor necessary to simulate the leakage current on the|SVU
pollufed surface shall be calculated as R = F/K, F being the form factor (according to
IEC §0507) of the-SVU housing and K the layer conductivity.

The [layer«conductivity K shall be taken from Table 3 of IEC 60507:2013 at the| line
corrgspohding to the selected SDD. The accepted tolerance for the resistance shaIII be
0

-20

Of vAf th oy
70 OT T T

NOTE In the case of an EGLA, the pollution layer on the SVU is not under voltage until spark-
over occurs. In a worst-case scenario, the pollution layer will be totally wetted under rain
conditions and will remain so since drying due to surface leakage currents does not occur. As
there is no dry band arcing activity, the pollution layer may be assumed as a linear resistance.

NOTE With this method, the current level is higher than in operating service conditions, because the calculation
does not take into account the voltage drop across the external series gap of the EGLA.

Lightning impulses voltages shall then be applied to the EGLA in order to initiate spark-over
and provide a conductive channel across the external series gap. The impulse generator shall
be adjusted to obtain systematic spark-over of the gap.
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8.8.2.3 Test sequence

The lightning impulses voltages, having the same or opposite polarity as the actual half cycle
of the alternating voltage, shall be applied (30° to 0°) before the instant of peak voltage.

A first test shall be performed with a gap length small enough to show that the power source
is able to supply and maintain the specified follow current.

The parallel linear resistor shall be adjusted such that the total follow current during the tests
is at least equal to the estimated value.

Thergafter, the gap length shall be adjusted to the minimum specified value. Then, five'\spark-
over |operations at each polarity of the actual half cycle of the alternating voltage\shdll be
perfdrmed. If follow current is not established, more spark-over operations shall be‘performed

until follow current was established five times for each polarity.

Permanent oscillograms of power-frequency voltage and follow current associated with [each
discharge shall be taken. These oscillograms shall show the voltage across and the cyrrent
trough the test sample throughout the period from one complete cyele before applicatipn of
the impulse to ten complete cycles after the final interruption of the follow current. Final
interquption of the follow current shall occur within the half-cycle in which the impulse is

applied. There shall be no further spark-over of the sample inany subsequent half cycle.

8.8.2.4 Test evaluation

The pample has passed the test if for the ten spark‘over operations the follow currgnt is
interqupted within the first half cycle of the powerzfrequency voltage and if there is no fyrther

spark-over in any subsequent half cycle.

8.8.3 "Test method B"

8.8.3|1 Requirements on the testicircuit

The |mpedance of the power-frequency voltage source shall be such that during the flow of
follow current, the peak value ofpower-frequency voltage, measured at the EGLA terminals,
does| not fall below the peak,value of the rated voltage of the test specimen and after the
interfquption of follow current, the peak voltage does not exceed the peak value of the fated

voltage by more than 10-%. An example of a test circuit is given in Annex A.

8.8.3,.2 Test procedure and test sequence

The EGLA test;sample shall be prepared as follows:

a)
b)

c)

d)

A section of an EGLA or a complete EGLA shall be prepared as test sample.

The rion-linear metal-oxide resistor part shall be a complete SVU or an SVU section; the
scale factor n (ratio of the rated voltage of the complete EGLA to the rated voltage of the
EGLA test sample) shall not be higher than five. If the rated voltage of the complete EGLA
is higher than 12 kV the rated voltage of the test sample shall not be smaller than 12 kV.

The volume of the resistor elements shall not be greater than the minimum volume of all
resistor elements used in the complete SVU divided by .

The reference voltage U, of the SVU of the test section should be equal to the minimum
reference voltage of the SVU of the EGLA divided by n. If the reference voltage of the SVU
of the test section is greater than the minimum reference voltage of the SVU of the
complete EGLA divided by n, the factor n shall be reduced correspondingly. If the
reference voltage of the SVU of the test section is less than the minimum reference
voltage of the SVU of the complete EGLA divided by n, the test section is not allowed to
be used.
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e) The external series gap shall be composed of the same electrodes as those of the EGLA.
Its length shall be not greater than the minimum gap length specified by the manufacturer.
It is not necessary to scale the gap.

The contamination slurry shall be prepared in accordance with the solid layer method in
IEC 60507 or any equivalent method, in which resistivity of the slurry can be determined from
the specified SDD value.

The test shall be conducted as follows:

The housing of the SVU shall be clean and dry and at ambient temperature. Washing with a
detengent may be necessary in order to remove oil films, but the detergent should be
thordughly rinsed off with water.

The purface hydrophobicity of the SVU shall be completely removed in order‘\to simulate
surfaice leakage currents to be expected in the worst case under the specified polluted
cond|tion.

With|the arrester de-energized, the contaminant shall be applied~to) the whole insulation
surfaice of the SVU, including the undersides of the sheds. The pallution layer shall appepr as
a comtinuous film. The pollution coating may be applied by either’spraying, dipping or [flow-
coatipg.

NOTE[1 The following procedure is suggested to remove hydrophobicity on a polymeric (especially for s{licone
rubbef) housing surface temporarily for the testing, without any damage of the surface or any additional ch¢mical
agent|in the pollutant:

a) Prepare slurry, which contains approximately 1 kg of Tonoko or Kaolin in 1 | of water.
b) Spray the slurry as uniformly as possible on the hydrophobic housing surface.

c] Dry the polluted surface under natural ambient-conditions.
d

Wash off the deposited Tonoko or Kaolin_roughly, by running tap water, for example. After this pfocess
some amount of Tonoko or Kaolin will“remain on the surface, which suppresses recovery ¢f the
hydrophobicity temporarily.

NOTE| Prior to the testing, salt deposit density according to the above procedure should be
checked on the same design of pelymeric housing surface.

NOTE|2 Once the hydrophobicity is removed by the procedure given in NOTE 1, testing on the test spgcimen
needs|to be completed within.one day, in order to prevent recovery of hydrophobicity.

Withiln (3 min to 3,5 min) after the contaminant has been applied to the test sample it shall be
expoped to its rated voltage for a time duration long enough to initiate one sparktover
operation of the/test sample.

The lightning impulses voltages, having the same or opposite polarity as the actual half gycle
of thtf alternating voltage, shall be applied (30° to 0°) before the instant of peak voltage.

A first test shall be performed with a gap length small enough to show that the power source
is able to supply and maintain the specified follow current.

Thereafter, the gap length shall be adjusted to the minimum specified value. Then, five spark-
over operations at each polarity of the actual half cycle of the alternating voltage shall be
performed. If follow current is not established, more spark-over operations shall be performed
until follow current was established five times for each polarity.

The pollution layer shall be renewed after each spark-over operation.

Permanent oscillograms of power-frequency voltage and follow current associated with each
discharge shall be taken. These oscillograms shall show the voltage across and the current
trough the test sample throughout the period from one complete cycle before application of
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the impulse to ten complete cycles after the final interruption of the follow current. Final
interruption of the follow current shall occur within the half-cycle in which the impulse is
applied. There shall be no further spark-over of the sample in any subsequent half cycle.

NOTE The time interval between spark-over operations need not to be specified for this test.
8.8.3.3 Test evaluation
The sample has passed the test if

a) no flashover occurred on the SVU surface;
b) forthetemspark-overoperations—thefoltow currentis—mterrupted—withimthe—tratf=cygle of
ppwer-frequency voltage during which the spark-over occurs and if there is no~fyrther
spark-over in any subsequent half cycle.

8.9 Mechanical load tests on the SVU
8.9.1 General

These tests demonstrate that the SVU is able to withstand the mechanical strength values
(SLL{and SSL) and the vibrational loads specified by the manufacturer-

8.9.2 Bending test
8.9.2|1 General

This fest demonstrates that the SVU is able to withstand the mechanical strength values|(SLL
and $SL) specified by the manufacturer. The test.shall be performed on three or six samples
of SYUs or SVU units. The complete test procedure'is shown by the flow chart in Clause B.5.

8.9.2.2 Test procedure for porcelain and cast resin housed SVUs
8.9.2.2.1 General

This test applies to porcelain and east-resin housed SVUs of EGLAs for &, Ug > 52 kV. I{ also
applips to porcelain and cast-rgsin housed SVUs of EGLAs for &_,,U; < 52 kV for which the
manyfacturer claims cantileyer.strength.

The {est demonstrates the ability of the SVU to withstand the manufacturer's declared values
for bending loads. Normally, an SVU is not designed for torsional loading. If an SYU is
subjgcted to torsional loads, a specific test may be necessary by agreement between the
manyfacturer and-the user.

The {est shall'be performed on complete SVU units without internal overpressure. For single-
unit VU, designs, the test shall be performed on the longest unit of the design. Where an
SVU |contains more than one unit or where the SVU has different specified bending monpents
in both ends, the test shall be performed on ihe longest unit of each diiterent specified
bending moment, with loads determined according to Clause B.1.

The test shall be performed in two parts that may be done in any order:

— a bending moment test to determine the mean value of breaking load (MBL);

— a static bending moment test with the test load equal to the specified short-term load
(SSL), i.e. the 100 % value of Clause B.2.

8.9.2.2.2 Sample preparation

One end of the sample shall be firmly fixed to a rigid mounting surface of the test equipment,
and a load shall be applied to the other (free) end of the sample to produce the required
bending moment at the fixed end. The direction of the load shall pass through and be
perpendicular to the longitudinal axis of the SVU. If the SVU is not axi-symmetrical with
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respect to its bending strength, the manufacturer shall provide information regarding this non-
symmetric strength, and the load shall be applied in an angular direction that subjects the
weakest part of the SVU to the maximum bending moment.

8.9.2.2.3 Test procedure
8.9.2.2.3.1 Test procedure to determine the mean value of breaking load (MBL)

Three samples shall be tested. If the test to verify the SSL (see 8.9.2.2.3.2) is performed first,
then samples from that test may be used for determination of MBL. The test samples need not
contain the internal parts. On each sample, the bending load shall be increased smoothly until
brealdreeeetrs—within—30-ste—-90-s—Breaking™—ine e H i g—eran
ay occur to fixing device or end fittings.

The mean breaking load, MBL, is calculated as the mean value of the breaking”loads fdr the
test gamples.

NOTE| Caresheuldbetakenbeecause The housing of an SVU-ean might splinter while.under load and|might
preseft a handling hazard.

8.9.2.2.3.2 Test procedure to verify the specified short-term load (SSL)

Thre¢ samples shall be tested. The test samples shall contain‘the internal parts. Prior tp the
tests| each test sample shall be subjected to a leakage, check (see 9.1, item c)) and an
intermal partial discharge test (see 9.1, item b)). If these tesfs have been performed as rojutine
tests| they need not be repeated at this time.

On epch sample, the bending load shall be increased smoothly to SSL, tolerance fg%, within

30 s ffo 90 s. When the test load is reached, it,shall be maintained for 60 s to 90 s. During this
time [the deflection shall be measured. Then~the load shall be released smoothly and the
residual deflection shall be recorded. The residual deflection shall be measured in the interval
1 min to 10 min after the release of the load.

NOTE| Care-should-be-taken-because The housing of an SVU-may-break-and might splinter while under lodd and
might present a handling hazard.

NOTE] Agreement-must-be-made with-the-manufacturer If it is necessary for any reason to apply a|load
that iis more than 5 % abeve SSL an agreement must be made with the manufacturer.

8.9.2.2.4 Test evaluation
The $VU shallhave passed the test if

— the meanvalue of breaking load, MBL, is > 1,2 x SSL;
— forthe SSL test

e there is no visible mechanical damage;

e the remaining permanent deflection is < 3 mm or < 10 % (whichever is greater) of
maximum deflection during the test;

e the test samples pass the leakage check in accordance with 9.1c);

e the internal partial discharge level of the test samples does not exceed the value
specified in 9.1 b);

8.9.2.3 Test procedure for polymer (except cast resin) housed SVUs
8.9.2.3.1 General

This test applies to polymer (except cast-resin) housed SVUs (with and without enclosed gas
volume) of EGLAs for YU, > 52 kV. It also applies to polymer (except cast-resin) housed
SVUs of EGLAs for &, Ug < 52 kV for which the manufacturer claims cantilever strength.
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Cast-resin housed SVUs shall be tested according to 8.9.2.2. SVUs that have no declared
cantilever strength shall be submitted to the terminal torque preconditioning according to
8.9.2.3.3.2 a), the thermal preconditioning according to 8.9.2.3.3.2c) and the water
immersion test according to 8.9.2.3.3.3.

The test demonstrates the ability of the SVU to withstand the manufacturer's declared values
for bending loads. Normally, an SVU is not designed for torsional loading. If an SVU is
subjected to torsional loads, a specific test may be necessary by agreement between the
manufacturer and the user.

The test shall be performed on complete SVU units with the highest rated voltage of the unit.
For dingle-unit SVU designs, the test shall be performed on the longest unit with the highest
rated voltage of that unit of the design. Where an SVU contains more than one unit.or Where
the §VU has different specified bending moments in both ends, the test shall be performed on
the lpngest unit of each different specified bending moment, with loads determined accofrding
to Clause B.1. However, if the length of the longest unit is greater than 800"\mm, a shorter
length unit may be used, provided the following requirements are met:

— the length is at least as long as the greater of
e/ 800 mm

¢| three times the outside diameter of the housing (excluding the sheds) at the pqint it
enters the end fittings;

— the unit is one of the normal assortment of units usedyin the design, and is not spetgially
made for the test;

— the unit has the highest rated voltage of that unit/of\the design.

A tegt in three steps (two steps for SVUs of EGLAS for &, U < 52 kV) shall be performed one
after [the other on three samples as follows:

N all three test samples a cyclic testtcomprising 1 000 cycles with the test load equal to
He specified long-term load (SLL);

|
= O

oh two of the samples a staticy bending moment test with the test load equal t¢ the
specified short-term load (SSL),"i.e. the 100 % value of Clause B.2 and on the 3" sgmple
almechanical preconditioning’'test as per 8.9.2.3.3.2;
o}

n all three samples a water immersion test as per 8.9.2.3.3.3.

Toleance on specified loads shall be tg%.

NOTE|If +5 % isrexceeded this should be agreed upon with the manufacturer.

NOTE| The-cyclic test is not required for SVUs of EGLAs for & U, < 52 kV.

8.9.2.3.2 Sample preparation

The test samples shall contain the internal parts.

Prior to the test, each test sample shall be subjected to the following tests:

— electrical tests made in the following sequence:
e watt losses measured at 0,7 times U4 and at an ambient temperature of 20 °C £ 15 K;
e internal partial discharge test according to 9.1 b);

e residual voltage test at (0,01 to 1) times the nominal discharge current; the current
wave shape shall be in the range of 74/T, = (4 to 10)/(10 to 25) us;

— leakage checks in accordance with 9.1 ¢) for SVUs with enclosed gas volume and
separate sealing system.
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If the partial discharge test according to 9.1 b) and the leakage check according to 9.1 ¢)
have been performed as routine tests they need not be repeated at this time.

One end of the sample shall be firmly fixed to a rigid mounting surface of the test equipment,
and a load shall be applied to the other (free) end of the sample to produce the required
bending moment at the fixed end. The direction of the load shall pass through and be
perpendicular to the longitudinal axis of the SVU. If the SVU is not axi-symmetrical with
respect to its bending strength, the manufacturer shall provide information regarding this non-
symmetric strength, and the load shall be applied in an angular direction that subjects the
weakest part of the SVU to the maximum bending moment.

8.9.2.3.3 Test procedure
8.9.2,3.3.1 General

The {est shall be performed on three samples. For SVUs of EGLAs for &, U, 52 kV, the test
is performed in three steps. For SVUs of EGLAs for YU < 52 kV, the test/is performgd in
two gteps.

a) §VUs of EGLAs for U, U, > 52 kV
Step 1:

Subject all three samples to 1 000 cycles of bendingémoment, each cycle compifising
loading from zero to specified long-term load (SLL) in one direction, followed by
loading to SLL in the opposite direction, then returhing to zero load. The cyclic mfption
shall be approximately sinusoidal in form, withXa frequency in the range 0,01 Hz —
0,5 Hz.

NoTE Due to the control of the testing machine it may take some cycles to obtaih the
SLL. The maximum number of these cycles—should shall be agreed upon with the
manufacturer. These cycles—shouldyshall not be included in the prescribed 1| 000
cycles.

The maximum deflection during.the test and any residual deflection shall be recofded.
The residual deflection shall. be measured in the interval 1 min to 10 min after the
release of the load.

Step 2.1:

Subject two of the samples from step 1 to a bending moment test. The bending|load
shall be increased. smoothly to specified short-term load (SSL) within 30 s to 90 s.
When the test(oad is reached, it shall be maintained for 60 s to 90 s. During this|time
the deflectiofh shall be measured. Then the load shall be released smoothly.

The maximum deflection during the test and residual deflection shall be recorded] The
residual‘deflection shall be measured within 1 min to 10 min after the release aof the

load.

Step,22
[ H + +h il ool fropms Ot 4 ¢ A baoanicalltbhaorma ol o~ aditionia d|n
\JUUJUUI. are unru oda II}JIU LLAYARLI \JLU'J T |4 mouirrarmoeailrareriimnal PIUUUIIUILIUIIII y avuyu g
to 8.9.2.3.3.2.

Step 3:
Subject all three samples to the water immersion test according to 8.9.2.3.3.3.
b) SVUs of EGLAs for U, U, < 52 kV
Step 1.1:

Subject two samples to a bending moment test. The bending load shall be increased
smoothly to specified short-term load (SSL) within 30 s to 90 s. When the test load is
reached, it shall be maintained for 60 s to 90 s. During this time the deflection shall be
measured. Then the load shall be released smoothly.

The maximum deflection during the test and any residual deflection shall be recorded.
The residual deflection shall be measured in the interval 1 min to 10 min after the
release of the load.
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Step 1.2:
Subject a third sample to mechanical/thermal preconditioning accordin
8.9.2.3.3.2.
Step 2:

Subject all three samples to the water immersion test according to 8.9.2.3.3.3.

8.9.2.3.3.2 Mechanical/thermal preconditioning

2017

g to

This preconditioning constitutes part of the test procedure of 8.9.2.3.3 and shall be performed
on one of the test samples as defined in 8.9.2.3.3.

a) Tlerminal torque preconditioning

The
for a

b) Thermo-mechanical preconditioning

This

The $ample is submitted to the specified long-term load (SLL) in_four directions and in thg

varia

NoTE| If, in particular applications, other loads are dominant, the relevant loads-should
be applied instead. The total test time and temperaturegycle-should shall remain unchan

duration of 30 s.

portion of the test applies only to SVUs for which a cantilever strength is declared.

fions as described in Figure 7 and Figure 8.

Load direction

S5VU's terminal torque specified by the manufacturer shall be applied to the, test sample

ermal

shall
jed.

K
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Figure 7 — Thermo-mechanical test
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The thermal variations consist of two 48 h cycles of heating and cooling as described in
Figure 7. The temperature of the hot and cold periods shall be maintained for at least 16 h.
The test shall be conducted in air.

The applied static mechanical load shall be equal to SLL defined by the manufacturer. Its
direction changes every 24 h at any temperature in the transition from hot to cold, or from
cold to hot, as defined in Figure 8.

= Test load

AR T P77

W /7

T

S —

R —

P ————
Py

Load direction 4
24 h cold,period

Load direction 1
24 h hot period
R e
Load direction 2
24 h cold period

Load direction 3

l 24 h hot period JEC

Figure 8 — Example of the test arrangement for the thermo-mechanical test
and direction of the cantilever load

The test may be interrupted for maintenance for a total duration of 4 h and restarted after
interruption. The cycle then remains valid.

Any residual deflection measured from the initial no-load position shall be reported. The
residual deflection shall be measured within 1 min to 10 min after the release of the load.

c¢) Thermal preconditioning

This portion of the test applies only to SVUs for which no cantilever strength is declared.

The sample is submitted to the thermal variations as described in Figure 7 without any load
applied.
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The thermal variations consist of two 48 h cycles of heating and cooling as described in
Figure 7. The temperature of the hot and cold periods shall be maintained for at least 16 h.
The test shall be conducted in air.

8.9.2.3.3.3 Water immersion test

The test samples shall be kept immersed in a vessel, in boiling deionised water with 1 kg/m3
of NaCl, for 42 h.

NOTE The characteristics of the water described above are those measured at the beginning of the test.

NOTE[The temperature of the boitimgwater cam be reducedto 80—>C(with—a o dumation
of 52 h) by agreement between the user and the manufacturer, if the manufacturer claims that
its sqaling material is not able to withstand the boiling temperature for a duration of 42’h.| This
valug of 52 h can be expanded up to 168 h (i.e. one week) after agreement/between the
manyfacturer and the user.

At the end of the boiling, the SVU shall remain in the vessel until the water cools to
approximately 50 °C and shall be maintained in the water at this temperature until verification
tests| can be performed. The SVU shall be removed from the water)and cooled to ampient
tempgrature for not longer than three thermal time constants of the~sample. The 50 °C hqglding
tempgrature is necessary only if it is necessary to delay the verification tests after the enpd of
the wWater immersion test as shown in Figure 9. Evaluation tests’shall be made within the|time
specffied in 8.9.2.3.3.4. After removing the sample from the water it may be washed with tap
watef.

§ A
o
3 |
© In water ! In the open air
g |
E |
et |
= | Boiling water :
|
|
|
|
|
|
|
|
|
|
50 )
|
|
Ambient temperature :\
i
|
|
T >

T T
0  water 42 Time as Cooling <3  Within8h Time (h)
immersion long as thermal time verification
test necessary constant tests

IEC

Figure 9 — Test sequence of the water immersion test

8.9.2.3.3.4 Determination fo thermal time constant

The SVU containing the most MO resistors per unit length of a multi-unit arrester shall be
placed in a still air ambient temperature of 20 °C + 15 K. The ambient temperature shall
remain within £3 K during the test. Thermocouples and/or some sensors, for example, utilizing
optical fibre technique to measure temperature shall be attached to the resistors. A sufficient
number of points shall be checked to calculate a mean temperature or the manufacturer may
choose to measure the temperature at only one point located between 1/2 to 1/3 of the
arrester length from the top. The latter will give a conservative result, thus justifying the
simplified method.
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The MO resistors shall be heated within a maximum of 1 hour to a temperature of at least
140°C by the application of power-frequency voltage with an amplitude above reference
voltage. This temperature shall be determined by the mean value if the temperature is
measured on several MO resistors or the single value if only the 1/2 to 1/3 point is checked.

In ca

se of multi-column internal design, measures may have to be taken to achieve equal

temperatures of all MO resistor columns, e.g. by adding one or more linear resistors to each
of the columns in each unit. These resistors shall have a mass of not more than 5 % of the
mass of MO resistors in the related columns, and they shall be positioned directly on the top
or bottom of the column. If this measure cannot be taken, an alternative is to use small
bushings in the metal flanges and place the linear resistors outside the housing. The
tempErature sha rage
tempgrature be used as column temperature.The difference between the highest and the
lowesgt temperature among the individual columns measured at the same height shal npt be

Whe
and

temp
a me

For t
has d

8.9.2,

Tests

The

a) S

b

er than 20 K at an average temperature of 140 °C.

h this predetermined temperature is reached, the voltage source shall be disconn¢cted
he cooling time curve shall be determined over a period of not Jess than 2 h,| The
erature shall be measured at least every minute. In the case of seyeral measuring points
An temperature curve shall be constructed.

he purpose of this standard the thermal time constant isthe’time where the temperhture
ecreased by 63 % of the temperature difference between'start and ambient temperagure.

3.4 Test evaluation

according to 8.9.2.3.2 shall be repeated on each test sample.

BVU shall have passed the test if the following is demonstrated:

VUs of EGLAs for Y, U, > 52 kV
fter step 2:

— there is no visible damage;

— the slope of the force-deflection curve remains positive up to the SSL value except
for dips not exceeding 5 % of SSL magnitude. The sampling rate of digital
measuring equipment shall be at least 10 s!. The cut-off frequency of the
measuring equipment shall be not less than 5 Hz.

Maximum,_deflection during step 1 and 2 and any remaining permanent deflection
after thetest shall be reported.

fter step-3°

ithin-8-h*after cooling as defined in Figure 9:

|
—
>
@
>
E O
9
[
V)
B
(0]
=l

watt losses, measured at 0,7 times U, and at an ampient
sviate+ ore-thar sm-the-initat-measurements,

is not more than the greater of 20 mW/kV of (0,7 times U,g) or 20 %;
— the internal partial discharge measured at 0,7 times U,,; does not exceed 10 pC;

geviatcoy1more a C

at any time after the above watt losses and partial discharge measurements:

— for SVUs with enclosed gas volume and separate sealing system, the samples pass
the leakage test in accordance with 9.1 ¢);

— the residual voltage measured on the complete sample at the same current value
and wave shape as the initial measurement is not more than 5 % different from the
initial measurement;

— the difference in voltage between two successive impulses at nominal discharge
current does not exceed 2 %, and the oscillograms of voltage and current do not
reveal any partial or full breakdown of the test sample. The current wave shape
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shall be in the range of T4/T, = (4 to 10)/(10 to 25) us, and the impulses shall be
administered 50 s to 60 s apart.

NOTE In case of extra long SVUs where the blocks can be dismantled this part of the evaluation test
can be performed on individual blocks or stacks of blocks. If the blocks cannot be dismantled a
possible procedure would be to drill a hole in the SVU insulation to make contact with the internal
stack at a metal spacer and in this way be able to test shorter SVU sections.

— the change in reference voltage measured before and after the two residual voltage
tests does not exceed 2 %.

b) SVUs of EGLAs for Y, U, < 52 kV
After step 1:

— there is no visible damage;

— for step 1.1, the slope of the force-deflection curve remains positive up<o-thel SSL
value except for dips not exceeding 5 % of SSL magnitude. The sampling rdte of
digital measuring equipment shall be at least 10 s=1. The cut-off frequency df the
measuring equipment shall be not less than 5 Hz.

Maximum deflection during step 1 and any remaining permanent deflection |after
the test shall be reported.

Affter step 2:
wlithin 8 h after cooling as defined in Figure 9:

— the increase in watt losses, measured at 07 times U, and at an ampient
temperature that does not deviate by more than 3 K from the initial measurements,
is not more than the greater of 20 mW/kV,ef (0,7 times U,g) or 20 %,;

— the internal partial discharge measured at 0,7 times U, does not exceed 10 pC; at
any time after the above watt losses and partial discharge measurements:

— for SVUs with enclosed gas volumeé.and separate sealing system, the samples|pass
the leakage test in accordance with 9.1 ¢);

— the residual voltage measured at the same current value and wave shape ag the
initial measurement is not-more than 5 % different from the initial measurement;

— the difference in voltage between two successive impulses at nominal discharge
current does not exceed 2 %, and the oscillograms of voltage and current dp not
reveal any partial.or full breakdown of the test sample. The current wave shape
shall be in the\range of 74/T, = (4 to 10)/(10 to 25) us and the impulses shall be
administered\50s to 60 s apart.

— the change’in reference voltage measured before and after the two residual voltage
tests_does not exceed 2 %.

NOTE In case of extra long SVUs where the blocks can be dismantled, the residual voltage tefst can
be-performed on individual blocks or stacks of blocks. If the blocks cannot be dismantled, a pdssible
procedure would be to drill a hole in the SVU insulation to make contact with the internal stagk at a
metal spacer and in this way be able to test shorter SVU sections.

8.9.3 Vibration test
8.9.3.1 General

This test demonstrates that the SVU is able to withstand the vibration stress specified by the
manufacturer. The test shall be performed on one complete SVU.

This is a mandatory test if not performed as an acceptance test according to 10.7.

NOTE The vibration test should also be performed on the spark gap. The mechanical stress
should be comparable to the stress which is required for the SVU, and the test sample
installation condition should be agreed between the manufacturer and the purchaser.
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8.9.3.2 Sample preparation

The test samples shall contain the internal parts.

Prior to the test, each test sample shall be subjected to the following tests:

— electrical tests made in the following sequence:
e internal partial discharge test according to 9.1 b);

e residual voltage test at (0,01 to 1) times the nominal discharge current; the current
wave shape shall be in the range of 74,/T, = (4 to 10)/(10 to 25) ps;

—| leakage checks in accordance with 9.1 c) for SVUs with enclosed gas volumg and
separate sealing system.

If thel partial discharge test according to 9.1 b) and the leakage check according’to 9.1c) jhave
been|performed as routine tests they need not be repeated at this time.

8.9.3,.3 Test procedure and test condition

o Installation condition: Intended most critical way of<thounting

e Lpad: Actual electrode or loaded by maximum spegified
weight

e Akceleration at SVU's free end: 19

e Number of oscillations: 1-108 (one million)

e Ffequency: Resonancefrequency of the SVU

. DIir.ection of oscillations: Intended.most critical direction relative to the sgmple
akis

NoTE| Other acceleration values than 1 x“g may be specified on agreement between the
manyfacturer and the purchaser.

8.9.31.4 Test evaluation

Tests according to 8.9.3.2 shall be repeated on each test sample.

The SVU shall have passed the test if the following is demonstrated:

a) the internal partial discharge measured at 0,7 times U, does not exceed 10 pC;
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b) for SVUs with enclosed gas volume and separate sealing system, the samples pass the

leakage test in accordance with 9.1 c¢);

c) the residual voltage measured on the complete sample at the same current value and

d)

e)

wave shape as the initial measurement is not more than 5 % different from the i
measurement;

nitial

the difference in voltage between two successive impulses at nominal discharge current

does not exceed 2 %, and the oscillograms of voltage and current do not reveal any p

artial

or full breakdown of the test sample. The current wave shape shall be in the range of
T4/Ty = (4 to 10)/(10 to 25) us, and the impulses shall be administered 50 s to 60 s apart.

NOTE In case of extra-long SVUs where the blocks can be dismantled this part of the evaluation test can be

p¢rformed on individual blocks or stacks of blocks. If the blocks cannot be dismantled a possible pnod
wpuld be to drill a hole in the SVU insulation to make contact with the internal stack at a metal spacet
thiis way be able to test shorter SVU sections.

the change in reference voltage measured before and after the two residual’voltage
dpes not exceed 2 %.

8.10| Weather aging tests

8.101 General

The

mechanism and the exposed metal combinations of the“8VU are not impaire
envirpnmental conditions. The test shall be performed on.one complete SVU of any le
For §VUs with an enclosed gas volume and a separate sealing system, the internal parts
be omitted. SVUs whose units differ only in terms of their lengths, and which are othe
basefl on the same design and material, and have the,same sealing system in each unif
cons|dered to be the same type of SVU.

8.10.2 Sample preparation

Prior| to the tests, the test sample shalltbe subjected to a leakage check by any sen
methpd adopted by the manufacturer.

8.103 Test procedure

8.10.3.1 General

The

the spquence given,

8.10.3.2 Temperature cycling test

The {est shall-be performed according to-testNb-of IEC 60068-2-14. The hot period sha
at a femperature of at least +40 °C, but not higher than +70 °C. The cold period shall
least|85(K below the value actually applied in the hot period; however, the lowest temper
in thecotdperiodstatmotbetowertham=56—=C-

edure
bnd in

tests

environmental tests demonstrate by accelerated test ,procedures that the selaling

i by
ngth.
may
r'wise
, are

sitive

ests specified in Subclauses 8.10.3.2 and 8.10.3.3 shall be performed on one sample in

Il be
be at
ature

temperature change gradient: 1 K/min;
duration of each temperature level: 3 h;

number of cycles: 10.

8.10.3.3 Salt mist test

The test shall be performed according to Clause 4 and 7.6, as applicable, of IEC 60068-2-
11:1981:

salt solution concentration: 5 % + 1 % by weight;
test duration: 96 h.
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8.10.

4 Test evaluation

The SVU shall have passed the tests if the sample passes again the leakage check of 8.10.2.

8.10.5 Additional test procedure for polymer (composite and cast resin) housed SVUs

8.10.

5.1 General

For SVUs with polymer (composite and cast resin) housings, resistance to UV radiation shall

/5.2 Procedure

t three specimens of shed and housing materials for this test (with markings includ

icable). The insulator housing material shall be subjected to a 1 000 WUV light test

pf the following test methods. Markings on the housing, if any, shalk’be directly exp
light:

andard spray cycle, black-standard/black panel temperatures of 65 °C, an irradian
round 550 W/m?2

8.10.

After
such

5.3 Acceptance criteria

as cracks and raised areas are’not permitted. In case of doubt concerning

degradation, two surface roughness~measurements shall be made on each of the

spec
lengt

NOTE|
8.11

This

The
shall
shall

h of at least 2,5 mm. R, shall-not exceed 0,1 mm.

ISO 3274 gives details of sufface roughness measurement instruments.
Radio interfergnce voltage (RIV) test

fest applies_ to.EGLA intended for use on systems with Us = 72,5 kV.

EGLA with an insulator configuration determined by the manufacturer to be approq
be tested in accordance with the RIV test procedure of IEC 60099-4. The test vo
be the rated voltage (U,) of the EGLA.

be demonstrated by the UV test accordmg to 8. 10 5 2 and 8. 10 5. 3 (in I|ne W|th 9.3. 2 of
IEC 62217: 2012) A

ed, if
ising
osed

enon-arc methods: 1SO 4892-1 and ISO 4892-2, using methoed A without dark perjiods,

ce of

uorescent UV method: ISO 4892-1 and ISO 4892-3,~using type | fluorescent UV lamp,
Kposure method 1 or 2.

the test, markings on shed or housing material shall be legible; surface degradations

such
hree

mens. The roughness, R, asxdefined in 1SO 4287, shall be measured along a sampling

riate
Itage

The EGLA with the insulator assembly shall be assembled in such a way that it simulates
actual system installations. The test shall be performed on the longest EGLA, with the highest
rated voltage used for a particular EGLA type. The test voltage shall be applied between the

termi

nals of the EGLA.

The test shall be performed under dry conditions. The maximum radio interference level of the
EGLA with the insulator assembly energized at the test voltage shall not exceed 2 500 puV.
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Routine tests

General

2017

The minimum requirement for routine tests to be made by the manufacturer shall be as
follows:

a) Measurement of reference voltage (U, ) of each SVU unit (see 3.7 and 6.8). The

measured values shall be within a range specified by the manufacturer.

b) Internal partial discharge test. This test shall be performed on each SVU unit. The test
sample may be shielded against external partial discharges. The power-frequency voltage

c)

d)

10

10.1| General

When the purchaser specifies' acceptance tests in the purchase agreement, tests shg
seledted among the following tests. The number and the way of preparation of test san

are
the

pall be increased to at least 0,7 times U,y At this voltage, the partial discharge

s
s
shall not exceed 10 pC.
F
m

ade on each SVU unit by any sensitive method adopted by the manufacturer.

Rlesidual voltage test of the SVU. The test may be performed either o a complete
VU units or on a sample comprising one or several metal-oxide tesistor elements
anufacturer shall specify a suitable lightning impulse current in.the range between
nd 1 times the nominal current at which the residual voltagejis“measured. If not di

bmplete SVU shall not be higher than the value specified by the manufacturer.

D

VU.

0FZ NZO0<3®3®

brresponding to the maximum expected follow current value through the non-I

in the type test (8.3.3).

Acceptance tests

iven in Table 6, where "A" stands for the nearest lower whole number of the cubic rg
number of EGLA-to_be supplied.

level

hall be measured according to IEC 60270. The measured value for the partial_discharge

br SVU units with sealed housing and an included gas volume, a leakage 'check shall be

SVU,

The
0,01
ectly

easured, the residual voltage of the complete SVU is takén as the sum of the residual
bltages of the resistor elements or the individual SVU ufits. The residual voltage far the

The

sidual voltage shall be specified without inductive veltage drop due to the size df the

oTE The residual voltage test may alternatively be performed with an impulse cyrrent

inear

metal-oxide resistors. This point on the U-l-characteristic must then have been meagured

Il be
ples
ot of
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Table 6 — Acceptance tests

Number EGLA with Section of EGLA
Test item of test (w) or with (w) or Unit of Clause
without (wo) without (wo) Svu number
samples . .
insulator insulator
1. Reference voltage "A" Test 10.2
2. Internal partial discharge test "A" Test 10.3
3. RIV test @) 1 Test (w) 10.4
4. Test for coordination between 1 Test (w) 10.5
insulator withstand and EGLA
protdctive level P)
5. Fdllow current interrupting test © 1 Test (wo) 9 Test (wo) 9 10.6
6. Vipration test © 1 Test (wo)? 10.7

a) This test is mandatory if not performed as a type test in accordance with 8.11.

b) This test is mandatory if not performed as a type test in accordance with 8.4.

) This test is mandatory if not performed as a type test in accordance with 8.8.

) This test is mandatory if not performed as a type test in accordance with 8.9\3)

f) his test is performed on a complete SVU including mounting hardware~and the electrode of the extgrnal

Eries gap attached.

|
T
T

4 This test is performed either on a complete EGLA or a section of an EGLA, seg.8.872.
T
T
s

10.2| Reference voltage measurement of SVU

The feference voltage of the SVU shall be méasured in accordance with 3.7 and 6.8] The
meagured values shall be within a range specified by the manufacturer.

10.3 | Internal partial discharge test of SVU

The power-frequency voltage shall be increased to at least 0,7 times U, At this voltagg, the
partial discharge level shall be measured according to IEC 60270. The measured value fgr the
parti%l discharge shall not exeged 10 pC. The test sample may be shielded against external
partial discharges.

10.4| Radio interference voltage (RIV) test

This fest applies te EGLA intended for use on systems with Us = 72,5 kV.

The EGLA with the insulator assembly to be protected shall be tested in accordance withj8-42
the RIV test*procedure of IEC 60099-4. The test voltage shall be the maximum continuous
phasg to'ground system voltage (Us/\/3) that will be applied in service.

The EGLA with the insulator assembly shall be assembled in such a way that it simulates
actual system installations. The test shall be performed on the longest EGLA, with the highest
rated voltage used for a particular EGLA type. The test voltage shall be applied between the
terminals of the EGLA.

The test shall be performed under dry conditions. The maximum radio interference level of the
EGLA with the insulator assembly energized at the test voltage shall not exceed 2 500 uV.

10.5 Test for coordination between insulator withstand and EGLA protective level
10.5.1 General

This test for coordination between insulator withstand and EGLA protective level is mandatory
as an acceptance test if not a type test according to 8.4 is performed. The test verifies the
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correct front-of-wave and standard lightning impulse spark-over voltages for the EGLA with
the typical insulator assembly having the shortest insulation distance to be protected for the
actual system.

Test sample is a complete EGLA with the insulator assembly connected in parallel.

10.5.2 Front-of-wave Steep front impulse-spark-over test
10.5.2.1 General

Front-of-wavelightning Steep front impulse voltages of a virtual steepness of wave front
enough o0 cause spark-over at wave front or around the peak according to Table 7 shall be

applied to the test sample, five times for each polarity under dry conditions.

T3ble 7 — Virtual steepness of wave front of steep front-of-wave lightning impulsé¢s

Rated voltage of EGLA Virtual steepness of wave-front
kV kV/us
3<U, <10 8,3 U,
10 < U, <120 7,04,
120 < U, <200 6,0 U,
200 < U, < 300 1300
300 < U, <420 1500
U, > 420 2 000

10.52.2 Test evaluation

The EGLA has passed the test if all sparfk-overs at wave front or around the peak occurred in
the external series gap and no flashovers occurred at the insulator assembly.

10.5,3 Standard lightning impulse sparkover test

10.5.3.1 General

The purpose of this testis‘to determine the margin of protection the EGLA offers the insulator.

10.53.2 Test procedure

The {est voltagé shall be a standard lightning impulse voltage 1,2/50. The purpose of thig test
is to|verify._the 50 % spark-over voltage value Ugy gg a and to confirm sufficient protgctive
margfin bétween the spark-over voltage of the EGLA and the flashover voltage of the insylator
to be| protected.

The following test sequences a) and b) shall be performed in succession:

a) The 50 % spark-over voltage of the EGLA shall be verified for each polarity by the up-and-
down method according to IEC 60060-1.

b) The series gap spacing of the EGLA shall be increased such that no spark-over occurs in
the following test sequence: 15 lightning impulses voltages of each polarity with a peak
value equal to (1+X x o) times the 50 % spark-over voltage shall be applied to the test
sample. The parameter X, specifying the protective margin between EGLA and insulator,
shall be agreed upon between manufacturer and user. The minimum acceptable value is X
=1,3.

NOTE If agreed between the manufacturer and the user, the 50 % flashover voltage of the
insulator assembly may be verified by the up-and-down test.
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NOTE The protective margin should be evaluated by Usy ggLa Plus X times the standard
deviation, (Usy ggLa + Xo) not being higher than Usy |pgylator Minus X times the standard
deviation, (U5O: Insulator — X X o) of the insulator assembly to be protected. The value of X and
the allowed number of flashovers of the insulator assembly are to be agreed upon between
manufacturer and user. The standard deviation (o) is set to be 3 % for 1,2/50 impulses.

NOTE

10.5.

A-recommended typical value for X is 2,5.

3.3 Test evaluation

The sample has passed the test if no flash-over occurs on the insulator assembly during test

sequ
user

10.6
10.6.

This
spark
secti

The
acco
of a

This
betw
EGLA

The

8.8.3
6081
many
IEC ¢

NOTE|
additi
condit]

10.6.

See

10.6.

P AY P N T SN th o P P o 2N PN P P~ BT -O-N-G “O-¢ 10T B+ firr
CTTOC S a)darmu U 1T U UtTeT UTmteTTa 1mav e oo TIT aygTroCU O pUIT VoW o TITT TITaruTractuT©

see NOTE 2 of 10.5.3.2).

Follow current interrupting test

1 General

and

test is to verify follow current interrupting operation of the EGLA after the series gap has

ed over under a lightning impulse voltage. The test sample is~a complete EGLA
bn of EGLA.

est also verifies the performance of the EGLA under polluted conditions by taking

vetted pollution layer.

test shall be performed either as an acceptance test with the SDD level agreed
ben manufacturer and purchaser or, alternatively, as a type test with a SDD leve
\ configuration selected by the manufacturer, see 8.8.

est shall be performed by either “Test method A” (see 8.8.2) or “Test method B”
. If the pollution severity on site @ "Very heavy” according to the definition in IE
6-1, "test method B" shall be applied. Else, the choice of the test method is upo
facturer. For “Test method A*the EGLA housings shall be designed according t
0815 series.

With "test method A", the effect of pollution on the SVU external surface leakage current is modelled
nal linear resistor connected in parallel to the SVU, and the test is performed under clean arj
ons. "Test method B™is\a test under artificial pollution conditions.

2 Test procedure

8.8.2.2 and.8.8.3.2.

3 » Test sequence

or a

into

int the current that would flow over the surface of thekSVU housing due to the presence

upon
and

(see
C TS
h the
b the

by an
d dry

See 8§ 8.Z.3and 38.8.3.Z.

10.6.

4 Test evaluation

See 8.8.2.4 and 8.8.3.3.

10.7

10.7.

Vibration test on the SVU with attached electrode

1 General

This test demonstrates that the complete SVU including the attached electrode of the external
series gap and mounting hardware is able to withstand the vibration stress expected in
service.
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This is a mandatory test if not performed as a type test according to 8.9.3.

10.7.2 Sample preparation

The test samples shall contain the internal parts.

Prior to the test, each test sample shall be subjected to the following tests:

— electrical tests made in the following sequence:

e internal partial discharge test according to 9.1 b);

e[ residual voliage test at (0,0T to 1) times the nominal discharge current, the cyrrent
wave shape shall be in the range of 74/T, = (4 to 10)/(10 to 25) us;

dakage checks in accordance with 9.1 c¢) for SVUs with enclosed gas,v6lume| and
separate sealing system.

If thg partial discharge test according to 9.1 b) and the leakage check acc¢érding to 9.1 ¢)
have|been performed as routine tests they need not be repeated at this time.

10.7f3 Test procedure and test condition

¢ Installation condition: Mounting as in the jintended in-service installation
including mounting.‘hardware and the electrode at
the SVU

e Acgeleration at SVU's free end: 1xg

e Number of oscillations: 1 x 108 (ong million)

e Frejquency: Resonane¢e frequency of the installation

¢ Dirg¢ction of oscillations: Maost<ritical load direction of the intended in-sdrvice
installation

NOoTE| Other acceleration values thansIxg may be specified on agreement between the
manufacturer and the purchaser.

Tests according to 10.7.2 shall be repeated on each test sample.

The SVU shall have passed the test if the following is demonstrated:
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a) the internal partial discharge measured at 0,7 times U, does not exceed 10 pC,;

b)

c)

d)

for SVUs with enclosed gas volume and separate sealing system, the samples pass the
leakage test in accordance with 9.1 c¢);

the residual voltage measured on the complete sample at the same current value and
wave shape as the initial measurement is not more than 5 % different from the initial
measurement;

the difference in voltage between two successive impulses at nominal discharge current
does not exceed 2 %, and the oscillograms of voltage and current do not reveal any partial
or full breakdown of the test sample. The current wave shape shall be in the range of
T4/T, = (4 to 10)/(10 to 25) us, and the impulses shall be administered 50 s to 60 s apart.

N

ol
w|
th

th
d

DTE In case of extra-long SVUs where the blocks can be dismantled this part of the evaluation tesk(
rformed on individual blocks or stacks of blocks. If the blocks cannot be dismantled a possibig\prog
buld be to drill a hole in the SVU insulation to make contact with the internal stack at a met I%cer
is way be able to test shorter SVU sections.

e change in reference voltage measured before and after the two resiﬂ@l voltage
bes not exceed 2 %. cb
o/

an be
edure
bnd in

tests
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Annex A
(informative)

Example of a test circuit for the follow current interrupting test

Figure A.1 gives an example of a test circuit for the follow current interrupting test on an
EGLA of (15 to 50) kV rated voltage. The linear resistor (8)
"Test method A".

Key

=N

N o oA~ W N

10
11
12
13
14
15
16
17

is only present for

17

|||
¢

16

Charging capacitance of impulse generator

Triggering spark gap of impulse generator

Tail resistance for wave shape\1,2/50 of impulse generator

Front resistance for wave, shape 1,2/50 of impulse generator

Load capacitance of impulse generator

Blocking sphere gap-(sphere diameter 500 mm; gap length 1 300 mm)
Device under tésty EGLA (SVU plus series gap)

U, = 15 kV. 1050 kV, gap length = 200 mm to 1 700 mm

Parallel'linear resistor to simulate SVU surface leakage current (only for "Test method A")

Current transformer

Damped capacitive divider

Inductance, L = 5Z mH

Mixed RC divider

Metal-oxide surge arrester for protection of high-voltage test transformer, U, = 156 kV

High-voltage test transformer
Regulating transformer
Three-channel oscilloscope

Peak/v2 digital voltmeter

Figure A.1 — Example of a test circuit for the follow current interrupting test

EC
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Annex B
(normative)

Mechanical considerations

B.1 Test of bending moment

In the case of a multi-unit SVU, each unit shall be tested with the bending moment according
to Figure B.1. The required load is calculated as given below. If the units differ only in length,

but are—otherwise-identical from - matarial and dacian it ic nat nacaccarv tn tact gaach 11nit
dr-e& tHEOT YT rorortrtoo T o et O e e o S o o T T o ot o o BoSaty oot OaroH—otte

3y |
=
o
(0]
I
f My = (H)
q S |
N 1 l
= 1 l
S | |
S | |
( | I
V- ‘ I -
/ 0 My My My3
Bending moment (M,
I4C
Figure B.1 — Bending moment — Multi-unit SVU
Testing.the complete SVU, the moment affecting the bottom flange is M, 5 = F x H,.

The moment affecting the top flange of the bottom unit is M, = F x H,.

If one unit is tested separately (example for unit 3), the test force F, for the test of the bottom
flange of unit 3 is as follows:

FZX(HS_HZ):FXHS

F><H3

2= (H3 —Hy)

The test of the top flange of unit 3 shall be performed with the unit in reversed position. Test
force F5 for the test of the top flange of unit 3 is as follows:
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F3>< (HS_HZ):FXHZ

F><H2

fs= (Hy —H,)

B.2 Definition of mechanical loads

Porcelain and cast resin housings A Polymer (except cast resin) housings
Mgan value of breaking load >120 %
(MBL)
120 %——

Specified short-term load 100 %—— S ified short-t load
(S SL) () (Spsel(_:; led short-term loa 100 % -
Sgecified long-term load o | Specified long-term load o
slL) 40 % (SLL) <100 %

0 —+ 0o —H

IEC

Figure B.2 — Definition of mechanical loads

Figune B.2 shows the definition of mechanical loads.
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B.3 Definition of seal leak rate

<
.

Figure B.3 — SVU unit

il A

P

LS SE e

The $eal leak rate specifies the quantity of gas per unit of time which passes the seals qf the
hous|ng at a pressure difference of at least 70 kPa. If the efficiency of the sealing system
depehds on the direction of the pressure, gradient, the worst case shall be considered, as
shown in Figure B.3.

ApyxV

Seal|leak rate = at |p;- p£70 kPa and at a temperature of +20 °C + 15 K,

wherg

Apq 7 pe(t3) — p1(t4);
p4(t)| is the internal.gas pressure of the arrester housing as a function of time (Pa);

Do is the gas'pressure exterior to the arrester (Pa);

1 is the\start time of the considered time interval (s);
ty is(the end time of the considered time interval (s);
At = g =14,

vV is the internal gas volume of the arrester (m3).

B.4 Calculation of wind-bending-moment

Figure B.4 indicates dimensions of an SVU used for the calculation of wind-bending moment.
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L

IEC
Figure B.4 — SVU dimensions

M, =PxHxdy,xCxH/2%PxDxhx(H-1I)

wherp
= (P,/2) x v2
dm = (dmax + dmin)/2
M,, is the bending moment causé€d by the wind (Nm);
H is the height of the arrester (m);
dm is the mean value ofthe insulator diameter (m);
h is the thickness of\the grading/corona ring (m);
D is the diameter of the grading/corona ring (m);
/ is the grading/corona ring distance to the top (m);
C is the cogefficient of drag for cylindrical parts; equal to 0,8;
P is thesdynamic pressure of the wind (N/m?2);
P, is the density of air at 1,013 bar and 0 °C; equal to 1,29 kg/m3;
14 [sthe wind velocity (m/s)-

B.5 Flow chart — Procedures of tests of bending moment for porcelain/cast
resin and polymer-housed SVUs

Figure B.5 shows procedures of tests of bending moment for porcelain/cast resin and
polymer-housed SVUs.


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

IEC 60099-8:2017 RLV © IEC 2017 - 67 -
Porcelain and cast-resin housed Polymer housed
¢ SVU type ¢
8.9.2.2 8.9.2.3
Test of the bending Test of the bending
moment moment
8.9.2.3.2

<Um>52 kV

Yes

No

Y

Perform
tests on 3 or
6 samples

Mechanical
strength
claimed

No test required
strength
claimed

Mechanical

Sample preparation
(initial measurements)

8.9.2.3.3.1 a) Step 1
1 000 cycle test with
SLL on 3 samples

4k_¢

as tested for SSL

Terminal torque

preconditioning
on 3 samples

\ 4

Terminal torque
preconditioning

A

89.2.2.3.1 8.9.2.2.3.2
Test|to determine Test to verify SSL
MBL on 3 samples 8.9.2.3.3.1 b), Step 1.1 8.9.2.3.3.2 8.9.2.3.3.1 a) Step 2.1
on|3 samples Verify. SSL Mechanical/thermal Verify SSL
on'2samples preconditioning on 2 sample
' v on 1 sample
8.9.2.2.3.1 -
89.2.2.3.2 Test to determine \ 4 \ 4
Test|to verify SSL MBL
on|3 samples on same 3 samples 8.9¢2.3.3.2 a) 8.9.2.3.3.2 a)

8.9.2.3.3.2 c)

8.9.2.3.3.2 b)

Thermomechanical preconditioning
-40 Cto+60 C
SLL in 4 directions

8.9.2.2.4 Thermal preconditioning

-40 Cto+60 C

Test evaluatioi

A

8.9.2.3.3.3
Water immersion test (boiling
in deionised water with 1 kg/m3
of NaCl for 42 h)

I

8.9.2.3.4

Test evaluation

*) Can be done in either order

IEC

Figure B.5 — Procedures of tests of bending moment for porcelain/cast resin
and polymer-housed SVUs
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Annex C
(normative)

Special service conditions

General

of possible special service conditions is given in Annex A of IEC 60099-4:2014, referred
abnormal service conditions in that Annex. A short guidance on the topics is given as

folloy

C.2

Low
Polyr
50 °Q¢.
be ¢

C3

The
arcin

Cc.4

For g

C.5

Seve
gap.

C.6

1S
"

_ A\
Temperature in excess of +40 °C or below —40 °C ,\Q‘
N

emperature may give problems with the sealing for arresters with encl@d gas volume.

Polymer material may become brittle at such low temperature@ﬁ; manufacturer Imust

&
Application at altitudes higher than 1 000 m ‘\\

pxternal insulation strength decreases with altit$§s In particular this requires thgt the
g distance of the housing and the series gap nc

Fumes or vapours that may cau@ deterioration of insulating surface or
mounting hardware
.\@
A\

articular fumes or vapours, cg\@ult the manufacturer.

¢
Excessive contan@tlon by smoke, dirt, salt spray or other conducting

materials @ .

re air pollution@ﬁg‘r as salt spray smoke and dirt may affect the spark-over voltage ¢f the

Ez?ssive exposure to moisture, humidity, dripping water, or steam

The

IEC 60099-4.

C.7

Live washing of arrester

The manufacturer should be consulted if live washing is requested.

C.8

The manufacturer shall be consulted and in particular cases tests shall be performed to verify

Unusual transportation or storage

an acceptable performance of the arrester.

her-housed arresters may be sensitive to very low temperatures cl%e to and belpw —

bnsulted before use at lower temperatures than given by the | and verification |tests
requégsted. %

e must be considered regarding the
decr¢ased insulation strength of the air. Gwdan ound in IEC 60071-2.

naufacturer shall be consulted. However, most polymer arresters should be able to
withstand if their performance has been verified in moisture and weather ageing tests as per
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C.9 Non-vertical erection and suspended erection

Non-vertical erections introduce a bending moment therefore this erection shall be checked
with and accepted by the manufacturer. Suspended erection may also result in a bending

moment if the connection is not made moment-free.

C.10 Wind speed > 34 m/s

The additional mechanical stress on the arrester shall be considered. The manufacturer shall

be consulted.

C.11 Earthquake

The ptress on the arrester approximately can be estimated from standard
arredter data on resonance frequency and damping and compared with c
standards for the arrester. The installation methods are important as ;Qr:i%
the sfresses while e.g. flexible hanging will lower the stresses. QO_)

3
N
A&

(aégmic datg

nical withg
tals may ma

For more accurate information different seismic tests could be ied. (See IEC 62271
IEEE]| 693 or national standards such as from Japan, China or/Chile).

A

@)
C.12 Torsional loading of the arrester Q<<
The fnanufacturer shall be consulted. \\Q

QO
%)
\$\‘0
¥
xO

and
stand

gnify

300,
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SURGE ARRESTERS -
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Part 8: Metal-oxide surge arresters with external series gap (EGLA)

for overhead transmission and distribution lines

of a.c.systemsabove 1+ kV —
FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of|EC is to pr

end and in addition to other activities, IEC publishes International Standards, Technical Specifics
Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC(National Committee inte
in |[the subject dealt with may participate in this preparatory work. International, governmental and
gojernmental organizations liaising with the IEC also participate in this pregaration. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for interiational use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fq
mipinterpretation by any end user.

In|order to promote international uniformity, IE€\National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible\in their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indicg
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some.areds, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nd liability shall attach to 4EC- or its directors, employees, servants or agents including individual exper
me¢mbers of its technical.€committees and IEC National Committees for any personal injury, property dam
othher damage of any.'nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out_bf the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atfentioh is drawn to the possibility that some of the elements of this IEC Publication may be the sub
patentrights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60099-8 has been prepared by IEC technical committee 37: Surge
arresters.

This bilingual version (2018-10) corresponds to the monolingual English version, published in
2017-11.

This second edition cancels and replaces the first edition published in 2011. This edition
constitutes a technical revision.

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

a) The Lightning discharge capability test has been completely re-written and re-named to
Test to verify the repetitive charge transfer rating, Qrs with lightning discharges to reflect


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

IEC 60099-8:2017 © |IEC 2017 -7-

b)

c)
d)

changes introduced in IEC 60099-4 Ed. 3 (2014) regarding new methods for rating the
energy and charge handling capability of metal-oxide arresters. In addition to testing to
evaluate the performance of the MO resistors, procedures for evaluating the performance
of the EGLA series gaps have been introduced.

Omissions from Ed. 1 of this standard have been included, notably an RIV test and a
means for determining the thermal time constant of the SUV portion of the EGLA.

Definitions for new terms have been added

A number of NOTES in Ed. 1 have been converted to normative requirements

A number of editorial changes have been made throughout the document to improve grammar

and general flow of information.

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

FDIS Report on voting
37/436/FDIS 37/438/RVD

Full information on the voting for the approval of this International(Standard can be foupd in

the r¢port on voting indicated in the above table.
The French version of this standard has not been voted upan.

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

A lisfl of all parts of IEC 60098 series, under the general title Surge arresters, can be found on

the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to

the specific document. At this date, the' document will be

reconfirmed,
withdrawn,
replaced by a revisediedition, or

amended.

tha{ .it'\.contains colours which are considered to be useful for the corfect
understanding of its contents. Users should therefore print this document using a
colour printer.

IMPIORTANT - The 'colour inside' logo on the cover page of this publication indicl}tes
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INTRODUCTION

This part of IEC 60099 applies to the externally gapped line arrester (EGLA)

This type of surge arrester is connected directly in parallel with an insulator assembly. It
comprises a series varistor unit (SVU), made up from non-linear metal-oxide resistors
encapsulated in a polymer or porcelain housing, and an external series gap (see Figure 1).

The purpose of an EGLA is to protect the parallel-connected insulator assembly from
lightning-caused over-voltages. The external series gap, therefore, should spark over only

due

over4

voltages occurring on the system.

front

In th¢ event of SVU failure, the external series gap should be able to isolate the 'SVU from the

systgm.

Tower arm

j Insulator assembly
(insulator assembly,

! S
1
1
Series varistor unit —— Vv with/without arcing horns
! u or grading elements)
\
1
o
\
\
External series gap _—W
(without an insulator AR Conductor
in parallel) A

IEC

Figure 1 — Configuration of an EGLA with insulator and arcing horn
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SURGE ARRESTERS -

Part 8: Metal-oxide surge arresters with external series gap (EGLA)
for overhead transmission and distribution lines
of a.c. systems above 1 kV

1 Scope

This
gapp,
lines

This

over-voltages only. Therefore, and since metal-oxide resistors are not permanently conn
to th¢ line, the following items are not considered for this document:

e S

—

—

o
Q T

e a

Con

transmission and distribution lines, some unique requirements and tests are introduced,
as the verification test for coordination between insulator withstand and EGLA prots

level

g¢sidual voltage at steep current and switching current impulse;

Rermal stability;

o

part of IEC 60099 covers metal-oxide surge arresters with external series gap (exte
ed line arresters (EGLA)) that are applied on overhead transmission and distrib
only to protect insulator assemblies from lightning-caused flashovers.

document defines surge arresters to protect the insulator assembly frem*lightning-c

vitching impulse spark-over voltage;

ng-duration current impulse withstand duty;
bwer-frequency voltage versus time characteristics of an arrester;
sconnector test;

jing duties by power-frequency voltage:

idering the particular design -concept and the special application on over

the follow current interrupting test, mechanical load tests, etc.

nally
ution

used
cted

head
such
ctive

Designs with the EGLA's-external series gap installed in parallel to an insulator ar¢ not

cove

2 Normativeseferences

The

contgnt, constitutes requirements of this document. For dated references, only the e
applies. For undated references, the latest edition of the referenced document (incllijding

cited

ed by this document:

ollowing-documents are referred to in the text in such a way that some or all of

their

dition

any cIIIUIIdIIIUIItb) app“cb.

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60060-2:2010, High-voltage test techniques — Part 2: Measuring systems

IEC 60068-2-11:1981, Basic environmental testing procedures — Part 2-11: Tests — Test Ka:
Salt mist

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature
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IEC 60099-4:2014, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60270:2000, High-voltage test techniques — Partial discharge measurements

IEC 60507:2013, Artificial pollution tests on high-voltage ceramic and glass insulators to be
used on a.c. systems

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 1: Definitions, information and general principles

IEC 62217:2012, Polymeric HV insulators for indoor and outdoor use — General definitions,
test methods and acceptance criteria

ISO 4287, Geometrical Product Specifications (GPS)— Surface texture: Rrofile method —
Terms, definitions and surface texture parameters

ISO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: Geheral
Guidance

ISO 4892-2, Plastics — Methods of exposure to laboratory light-sources — Part 2: Xenoh-arc
sourges

ISO 4892-3, Plastics — Methods of exposure to laboratory light sources — Part 3: Fluore§cent
UV Iamps

3 erms and definitions
For the purposes of this document, the fellowing terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the follgwing
addresses:

e |HC Electropedia: available at http://www.electropedia.org/

e |30 Online browsing-platform: available at http://www.iso.org/obp

from

o-entry a O y—ra gthe—spa v v e—extermat-—sere evel that
isolates the arrester from power-frequency over-voltages and from the worst case slow-front over-voltages due to
switching and fault events expected on the line to which it is applied.

3.2

series varistor unit

Svu

non-linear metal-oxide resistor part, contained in a housing, which must be connected with an
external series gap to construct the complete arrester

Note 1 to entry: The series varistor unit may include several units.

3.3

section of an EGLA

complete, suitably assembled part of a complete EGLA necessary to represent the behaviour
of a complete EGLA with respect to a particular test
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3.4

section of an SVU

complete, suitably assembled part of an SVU unit necessary to represent the behaviour of an
SVU with respect to a particular test

3.5

unit of an SVU

completely housed part of an SVU which may be connected in series and/or in parallel with
other units of an SVU to construct, in combination with the external series gap, an EGLA of
higher voltage and/or current rating

3.6
rated voltage of an EGLA
Ur
maximum permissible r.m.s. value of power-frequency voltage that can \be applied
continuously between the EGLA terminals, and at which it is designed to operate correctl

Note 1 to entry: The rated voltage is used as a reference parameter for the specification.of operating and qurrent
interrypting characteristics.

Note 4 to entry: The rated voltage of an EGLA is comparable to Uc of all other types of MO-arresters.

3.7
reference voltage of an SVU
Uref

peak|value of power-frequency voltage divided by V2, Which should be applied to the SYU to
obtaip the reference current

Note 1 to entry: The reference voltage of a multi-unit SV\U. s the sum of the reference voltages of the indijvidual
units.

3.8
reference current of an SVU
[ref
peak|value (the higher peak value ‘of the two polarities if the current is asymmetrical) df the
resistive component of a power:frequency current used to determine the reference voltape of

the §vVU

Note {1 to entry: The reference current should be high enough to make the effects of stray capacitances [at the
measyred reference voltage of the SVU units negligible. It is to be specified by the manufacturer.

Note 2 to entry: Depending on the nominal discharge current of the EGLA, the reference current will be typically
in the range of 0,05 mA'to 1,0 mA per square centimetre of metal-oxide resistor area for a single column SVU,.

3.9
rated short-circuit current of an SVU
IS
r.m.sLvalue of the highest shaort-circuit current under which the SUV will not fail in a manner
that causes violent shattering of the housing and under which self-extinguishing of open

flames (if any) will occur within a defined period of time

3.10

residual voltage of an EGLA

peak value of voltage that appears across the terminal-to-terminal length of the EGLA
including series gap and connection leads during the passage of discharge current

3.1

residual voltage of an SVU

peak value of voltage that appears between the terminals of the SVU during the passage of
discharge current
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3.12
surface leakage current of an SVU
current that flows on the surface of the SVU

3.13

follow current

Ltoliow . _ . _ _

the current immediately following an impulse through an EGLA with the power-frequency
voltage as the source

3.14

speciified long-term load of an SVU
SLL
mechanical force perpendicular to the longitudinal axis of an SVU, allowed to be centinupusly
applied during service without causing any mechanical damage to the SVU

est mechanical force perpendicular to the longitudinal axis_0f;-an SVU, allowed {o be
applied during service for short periods and for relatively rare évents (for example, ghort-
circult current loads and extreme wind gusts) without causing- any mechanical damage tp the
Svu

3.16
mean breaking load of an SVU
MBL
average breaking load for porcelain or cast resin*boused SVUs determined from tests

3.17
high|current impulse
peak|value of discharge current having'a'4/10 or 2/20 impulse shape, which is used to test the
withgtand capability of the SVU on_extreme lightning occasions

3.18
salt deposit density
SDD
amoynt of salt in thedeposit on a given surface of the SVU housing, divided by the arga of
this qurface; generallyéxpressed in mg/cm?2

3.19
veriffjcation test for coordination between insulator withstand and EGLA protective |evel
test used-to verify that the EGLA will exhibit correct sparkover operation and clamp the

overyoltage caused by lightning considerably lower than the flashover voltage of the parnallel-
connected insulator neenmhly

3.20

vibration withstand test

test to verify that the SVU and its connectors can withstand the specified mechanical vibration
levels

3.21

lightning impulse discharge

approximately sine half-wave current impulse having a time duration within 200 ps to 230 ps
during which the instantaneous value of the impulse current is between 5 % and 100 % of its
peak value
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3.22

repetitive charge transfer rating

Ors

maximum specified charge transfer capability of an EGLA, in the form of a single event or
group of surges that may be transferred through an EGLA without causing mechanical failure
or unacceptable electrical degradation to the MO resistors

Note 1 to entry: The charge is calculated as the absolute value of current integrated over time. For the purpose of
this standard this is the charge that is accumulated in a single event or group of surges lasting for not more than 2
s and which may be followed by a subsequent event at a time interval not shorter than 60 s.

4 I FH H FH pu | 1 H H FH
CIILrrivdadtlivir dariuv viadyoaitirivatlivii

4.1 | EGLA identification

An EIGLA shall be identified by the following minimum information, which shall~appear|on a
namegplate permanently attached to the arrester:

[ ]
=
Qo

ated voltage U, in kV;

L]
-

ated frequency in Hz, only if it is less than 48 Hz or larger than 62-Hz;

assification series information (examples: "X1", "Y2");

°
O

°
-

ated short-circuit current I in kKA,
manufacturer’'s name or trade mark;
e year of manufacture;
serial number (at least for arresters for Ug > 52:kV);

ightning discharge capability (only charge value) in C; example: "0.4 C".

Information on required gap spacing including tolerances shall be given in an appropriate
way, [for example in the manual.

4.2 EGLA classification

EGLAs are classified by their-hominal discharge currents and their high current impulse
withgtand capabilities as per.Table 1, and they shall meet at least the test requirementg and
perfgrmance characteristics: specified in Table 3. These arresters have no operating dutigs for
slowd{front surges andpower-frequency over-voltages.

Table 1 — EGLA classification — “Series X” and “Series Y*

Series X Series Y
Class hame X1 X2 X3 X4 Class name Y1 Y2 Y3 Y4
Nominal discharge 5 5 10 20 Nominal discharge 5 10 15 20
current (kA), 8/20 current (kA), 2720
High current impulse 40 65 100 100 High current impulse 10 25 40 65
(kA), 4/10 (kA), 2/20

"Series X" corresponds to the classification used in IEC 60099-4. A nominal discharge current of 8/20 wave
shape and a high current impulse of 4/10 wave shape are used in IEC and in IEEE standards. "Series Y"
corresponds to the classification applied e.g. in Japan on shielded line applications. Specification of wave shape
2/20 both for the nominal discharge current and for the high current impulse is based on this special application.

According to service conditions, other high current impulse values than those specified in this table may be
applied.
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Standard ratings and service conditions

Standard rated voltages

2017

Standard values of rated voltages (r.m.s. values) are specified in Table 2 in equal voltage
steps within specified voltage ranges.

Table 2 — Steps of rated voltages (r.m.s. values)

Range of rated voltages (kV) Steps of rated voltage (kV)
3-+6-30 4
> 30 to 54 3
> 54 to 96 6
> 96 to 288 12
> 288 to 396 18
> 396 24

NO

TE Other values of rated voltage may be acceptable, provided they are multiplesiof 6.

5.2 | Standard rated frequencies

The standard rated frequencies are 48 Hz to 62 Hz.

5.3 | Standard nominal discharge currents

The $tandard nominal discharge currents for 8/20 or 2/20 shapes are: 5 kA, 10 kA, 15 kA
20 kA.

5.4 | Service conditions

5.4.1 Normal service conditions

EGLAs which conform to this:"document shall be suitable for normal operation unde
following normal service conditions:

a)
b)
c)
d)

e)
f)
g)

NOT

5.4.

ambient air temperature within the range of —40 °C to +40 °C;
aftitude not exceeding 1000 m;
flequency of-the a.c. power supply not less than 48 Hz and not more than 62 Hz;

ppwer-frequency voltage applied continuously between the terminals of the EGLA
exceéding its rated voltage;

and

r the

\ not

echanical conditions: not specified (see NOTE);

wind speed: not specified (see NOTE);

pollution conditions: pollution by dust, smoke, corrosive gases, vapours or salt may o
pollution does not exceed “heavy” as defined in IEC TS 60815-1.

Ccur;

E It is recognized that mechanical and environmental issues are important for service, but due to the large
variety of possible installation configurations it is not possible to provide standard values for items e) and f).

2 Special service conditions

Surge arresters subject to other than normal application or service conditions may require
special consideration in design, manufacture or application. The use of this document in case
of special service conditions is subject to agreement between the manufacturer and the
purchaser. A list of possible special service conditions is given in Annex C.
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6 Requirements

6.1 Insulation withstand of the SVU and the complete EGLA
6.1.1 Insulation withstand of the housing of the SVU
The housing of the SVU shall withstand a lightning impulse voltage of

a) for "Series X": 1,4 times the residual voltage at the nominal discharge current

b) for "Series Y": 1,13 times the residual voltage at high current impulse, but not less than
1,3 times the residual voltage at nominal discharge current

NOTE| The factor of 1,4 in case a) covers variations in atmospheric conditions up to 1 000m altitude and
dischdrge currents up to three times the nominal discharge current.

6.1.2 Insulation withstand of EGLA with shorted (failed) SVU
The EGLA shall have the following insulation withstand performance:

a) the EGLA shall withstand the specified switching impulse withstand’ voltage level gf the
siystem even if the SVU has been shorted due to overloading (failure);

b) the EGLA shall be able to withstand the maximum temporary over-voltages phase to
gfound for their maximum durations even if the SVU has been shorted due to overloading
(failure).

6.2 | Residual voltages

The purpose of the measurement of residual voltages is to obtain the maximum residual
voltapes for a given design for all specified currents and wave shapes. These are defived
from |the type test data and from the maximum residual voltage at a lightning impulse cyrrent
used|for routine tests as specified and published by the manufacturer.

The maximum residual voltage of a giten EGLA design for any current and wave shape is
calcylated from the residual voltage of SVU sections tested during type tests multiplied|by a
speclfic scale factor plus a calculated inductive voltage drop across the SVU, the gagd and
conngction leads. The scale factor is equal to the ratio of the declared maximum redidual
voltape, as checked during theroutine tests, to the measured residual voltage of the sedgtions
at th¢ same current and wave’shape.

The Malue of the residual voltage of the EGLA at nominal discharge current and at|high
currgnt impulse, respectively, multiplied by a factor as given in 6.1.1, shall be lower than the
minimum flashover'voltage of the insulator assembly to be protected.

6.3 | High-current duty

The capability of the SVU for discharging operations shall be demonstrated by injecting two
high currentTmpuises:

6.4 Lightning discharge capability

The capability of the metal-oxide resistors including the series gap of the EGLA to withstand
lightning discharges having current waveforms with durations of several tens of microseconds
for arresters applied on shielded lines and several hundreds of microseconds for arresters on
unshielded lines shall be demonstrated. The related test also covers effects of multiple
lightning strikes.

6.5 Short-circuit performance of the SVU

The manufacturer shall claim a short-circuit rating of the SVU. The short-circuit currents
according to this rating shall not cause violent shattering of the SVU, and any open flames
shall self-extinguish in a given time.
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The gap is not subject of the short-circuit tests on the SVU, and its short-circuit performance
is recommended to be verified separately. The gap should be able to maintain its mechanical
integrity after having been subjected to the rated short-circuit current of the EGLA, and its
spark-over voltage should not be decreased.

6.6 Mechanical performance

For the EGLA to be mounted on transmission towers or poles, mechanical performance to
withstand tensile, bending and/or vibration loads due to wind pressure, conductor vibration
abnormal load during installation work and moisture ingress shall be demonstrated.

The @pplicable values of tensile and bending loads shall be agreed between the manufaqturer
and the purchaser.

The $VU shall be able to withstand the vibration load to be expected in service.

The [complete EGLA including gap assembly and mounting structure Cshould be abje to
withgtand at least the same mechanical stress.

6.7 | Weather aging of SVU

The [SVU must be able to withstand the environmental siress expected in sepvice.
Envinronmental tests demonstrate by accelerated test procedures that the sealing mechgnism
and |the exposed metal combinations of the SVU ,are) not impaired by environmgental
cond|tions. For SVUs with polymer (composite and _east resin) housings, resistance tp UV
radiation has to be demonstrated in addition.

6.8 | Reference voltage of the SVU

The [reference voltage (U,e) of the SVU"shall be measured at the reference curregt on
sectipns and units when required. Theimeasurement shall be performed at an ampbient
tempgrature of 20 °C + 15 K, and the agtual temperature shall be recorded.

NOTE| As an acceptable approximationj.the instantaneous value of the current at the instant of voltage pegk can
be taklen to correspond to the peak value of the resistive component of current.

6.9 | Internal partial discharges

The Evel of internal_pabntial discharges in the SVU in the tests according to 9.1 and 10.3|shall
not exceed 10 pC.

6.10| Coordination between insulator withstand and EGLA protective level

The [corréct coordination between flashover characteristics of the insulator assembly, the
spark-over voltage of the EGLA with front of-wave and standard lightning impulses andgl the

d 1 o £ +h ECLA of [~ H h nt-aond faor “O o AVl $ t
resl (<1} VUIlGHU AV B Y |\ N Sy | GL IIUIIIIIIGI UIO\JIIGIHU \JUIIUIIL arryu, TuUl JOTTTCO Ll GIIUOlU S, a

high current impulse shall be demonstrated.

Any spark-over operation for lightning impulse voltage shall occur in the external series gap of
the EGLA, without causing any flashover of the insulator assembly to be protected.

The value of

o for "Series X": 1,4 times the residual voltage at the nominal discharge current according to
Table 1 and 8.3.3;

o for "Series Y": 1,13 times the residual voltage at high current impulse, but not less than
1,3 times the residual voltage at nominal discharge current according to Table 1 and 8.3.3
and 8.3.4.


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

IEC 60099-8:2017 © |IEC 2017 -17 -

must be lower than Usg |hsylator MiNUs X times the standard deviation, (Usg |nsuiator = X * ©),
of the insulator assembly to be protected, where g = 0,03 and X is to be agreed upon between
manufacturer and user, a recommended value being X = 2,5.

6.11 Follow current interrupting

Follow current interrupting operation of the EGLA under wet and polluted conditions shall be
demonstrated by a test procedure which takes these operating conditions into account.
Performing a follow current interrupting test is mandatory, either as a type test according to

8.8

6.12| Electromagnetic compatibility

or as an acceptance test according to 10.6.

Arregters are not sensitive to electromagnetic disturbances, and therefore no immdanity test is

necepsary.

In ngrmal working operating conditions, the EGLA shall not emit significant disturbances.
A radio interference voltage test (RIV) shall be applied as an acceptance test to the comfplete
EGLA (see 10.4). The maximum radio interference level of the EGEA energized af the

maximum continuous phase to ground system voltage (US/\/3) shall not'exceed 2 500 puV.

6.13| End of life

On

request from users, each manufacturer shall give enough information so that all the

arregter components may be scrapped and/or recycledvin accordance with internationa| and

natiohal regulations.

7

7.1

General testing procedure

Measuring equipment and uncertainty

The measuring equipment shall meetthe requirements of IEC 60060-2 and IEC 60099-4| The
valuds obtained shall be accepted-as uncertainty for the purpose of compliance with the

relevhant test clauses.

Unless stated elsewhere,- all tests with power-frequency voltages shall be made with an
aIter:I;ating voltage hawving a frequency between the limits of 48 Hz and 62 Hz anfl an

appr

7.2

ximately sinusoidal wave shape.

Test samples

Unleg$s otherwise specified, for each test item, the complete test sequence shall be cgrried

out

gn the)'same test sample. The number of test samples is given in Table 3. The test

samples_shall be new, clean, completely assembled and arranged to simulate the condition in
service:

When tests are made on sections or units, the following shall be fulfilled:

a)
b)

c)

The ratio between rated voltage of the complete EGLA to the rated voltage of the section
or unit is defined as n.

The volume of the resistor elements used as test samples shall not be greater than the
minimum volume of all resistor elements used in the complete EGLA divided by n.

The reference voltage U, of the SVU of the test section should be equal to the minimum
reference voltage of the SVU of the EGLA divided by ». If the reference voltage of the SVU
of the test section is greater than the minimum reference voltage of the SVU of the
complete EGLA divided by n, the factor » shall be reduced correspondingly. If the
reference voltage of the SVU of the test section is less than the minimum reference
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voltage of the SVU of the complete EGLA divided by n, the test section is not allowed to
be used.

The factor n of the test samples shall be recorded in the test report.
8 Type tests

8.1 General

Table 3 identifies the type tests that shall be performed on the complete EGLA or on

components of the EGLA
Table 3 — Type tests (all tests to be performed with or without insulator assembly;
by manufacturer's decision)
) Number Section Unit Section | Clduse
Test item of test EGLA of of of SVU | nuthber
samples EGLA SvU
Insulption withstand tests
1.1 Housing withstand test of SVU 1 Test 8.p.2
1.2 HGLA withstand test with failed SVU 1 Test 8.R.3
2. Rgsidual voltage tests 3 Test 8.3
3. Sthndard lightning impulse sparkover test @) 1 Test g.4
4. Hiph current impulse withstand test 3 Test 8.5
5. T4gst to verify the repetitive charge transfer 10 (20) Test 8.6.1
rating, Q , with lightning discharges:
MP resistors
6. T4gst to verify the repetitive charge transfer 1 Test 8.6.2
rating, Q , with lightning discharges
Se¢ries gap
7. Short-circuit tests 4orb5 Test 8.7
8. Fdllow current interrupting test b2 1 Test® | Test?® 4.8
9. Bgnding test 3or6 Test 8.p.2
10. \fibration test ¢ 1 Test © 8.0.3
11. Weather aging test 1 Test 8]10
12. Radio interference\oltage (RIV) test 1 Test 8|11
a) This test isrmandatory if not performed as an acceptance test in accordance with 10.5.
b)  This testis*mandatory if not performed as an acceptance test in accordance with 10.6.
) This test is performed either on a complete EGLA or a section of an EGLA, see 8.8.2.
T

d)

s testis Tmandatory (f ot performed as anm acCeptance test i accordance with 1077-
¢) The vibration test is performed on one complete SVU, see 8.9.3.1

) This test is mandatory if not performed as an acceptance test in accordance with 10.4

8.2 Insulation withstand tests on the SVU housing and on the EGLA with failed SVU
8.2.1 General

These tests demonstrate the lightning impulse withstand voltage of the SVU housing under
dry conditions and the withstand voltage of the EGLA against the maximum expected
switching surge and power-frequency over-voltages in the system under wet conditions if the
SVU had failed and is shorted.
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8.2.2 Insulation withstand test on the SVU housing
8.2.21 General

This test demonstrates the dielectric withstand capability of the external housing of the SVU
against lightning impulse voltages.

8.2.2.2 Test procedure

The SVU housing shall be subjected to a standard lightning impulse voltage dry test according
to procedure B in 7.3.1.2 of IEC 60060-1:2010.

The {est shall be performed on the SVU housing with the highest specific voltage stresg per
unit [ength. The non-linear metal-oxide resistors shall be removed or replaced by paits of
insulgting material.

Fiftegn consecutive impulses at the test voltage value shall be applied for each polarity.

Test|voltage:

—h

a) for "Series X": 1,4 times the residual voltage at the nominal discharge current accordiphg to

able 1 and 8.3.3.

b) far "Series Y": 1,13 times the residual voltage at high «current impulse, but not less|than
3 times the residual voltage at nominal discharge current according to Table 1 and B8.3.3
aphd 8.3.4.

—

—_
—

If thg dry arcing distance or the sum of the partiahdry arcing distances is larger than the test
voltapge divided by 500 kV/m, this test is not required

Evaluation: The SVU shall be considered*to have passed the test if the number of external
disruptive discharges does not exceed tw@in each series of 15 impulses.

8.2.3 Insulation withstand testsyon EGLA with failed SVU
8.2.311 General

A swjtching impulse wet withstand voltage test and a power-frequency wet withstand voltage
test ghall be performedssimulating a failed SVU. The purpose of these tests is to demongtrate
that no spark-over under switching surge and power-frequency over-voltages will occur |f, as
the worst case scenario, the SVU is shorted by a failure.

8.2.3(2 Switching impulse wet withstand voltage test

Test|procedure

The test procedure shall be as follows:

Test sample: EGLA with shorted SVU. The failed SVU shall be simulated by shorting the SVU
with a metal wire, while the electrode condition shall be specified after agreement between
the manufacturer and the purchaser. The minimum external series gap length for the test shall
be specified by the manufacturer.

Test voltage and test condition:

a) The withstand voltage value shall be claimed by the manufacturer or determined by
agreement between the manufacturer and the purchaser, considering the maximum
prospective switching impulse over voltage level of the line. The altitude of installation and
of the test laboratory shall be considered to determine the test voltages.


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

- 20 - IEC 60099-8:2017 © |IEC 2017

b) The 50 % flashover voltage (Usy ggLa) is measured by the up-and-down method in
accordance with IEC 60060-1 for each polarity on the EGLA with the SVU shorted. The
wave shape of the test voltage shall be 250/2500.

c) The characteristic of the rain shall be in accordance with the requirements of
IEC 60060-1.

Evaluation: The withstand voltage of the EGLA is determined as

Uto, EGLA = Uso, EGLA (1 -1,3 0),

assumed to b (o = 0,06) for switching impulse voltage. The EGLA has passed the
the withstand value is equal to or higher than the claimed or agreed value.

NOTE| For a normal distribution, as assumed here, the 10 % probability value results from the“60 % probability
value minus 1,3 times the standard deviation.

8.2.3/.3 Power-frequency wet withstand voltage test

The fest procedure shall be as follows:

Test[sample: EGLA with shorted SVU. The failed SVU shall be'simulated by shorting the|SVU
with ja metal wire. The minimum external series gap lengthtand the conditions of thg gap
electfodes shall be specified by the manufacturer or agreed upon between the manufadturer
and the user.

Test|voltage and test condition:

a) Tlhe power-frequency wet withstand voltage "test shall be performed in accordance| with
IEC 60060-1 on the EGLA with the SVU«shorted.

b) The test voltage shall be 1,2 times the‘rated voltage of the EGLA.

c) The characteristic of the rain=shall be in accordance with the requirements of
IEC 60060-1.

Evaluation: The EGLA has.'passed the test if the sample withstands the test voltage for
one tinute.

8.3 | Residual voltage tests
8.3.1 General

This [test demonstrates that the residual voltages of the SVU and complete EGLA dJnder
lightning impulses are in accordance with the claimed values. All residual voltage tests |shall
be made\.on the same three sections of an SVU. The time between discharges shqll be
suffigient to allow the samples to return to approximately ambient temperature. The resjidual
voltage of the EGLA is calculated from the measured residual voltage of the SVU sections
times a scale factor plus a calculated inductive voltage drop across the SVU, the gap and the
connection leads. The residual voltage of the SVU is calculated from the measured residual
voltage of the SVU sections times a scale factor plus a calculated inductive voltage drop
across the SVU.

8.3.2 Procedure for correction and calculation of inductive voltages

In case of current wave shape 2/20, the following procedure shall be used to determine if an
inductive correction is required. A current impulse as described above shall be applied to a
metal block having the same dimensions as the resistor samples being tested. The peak value
and the shape of the voltage appearing across the metal block shall be recorded. If the peak
voltage on the metal block is less than 2 % of the peak voltage of the resistor samples, no
inductive correction to the resistor measurements is required. If the peak voltage on the metal
block is between 2 % and 20 % of the peak voltage on the resistor sample, then the impulse
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shape of the metal block voltage shall be subtracted from the impulse shape of each of the
resistor voltages, and the peak values of the resulting impulse shapes shall be recorded as
the corrected resistor voltages. If the peak voltage on the metal block is higher than 20 % of
the peak voltage on the resistor samples the test circuit and the voltage measuring circuit
shall be improved.

NOTE A possible way to achieve identical current wave shapes during all measurements is to perform them with
both the test sample and the metal block in series in the test circuit. Only their positions relative to each other need
to be interchanged for measuring the voltage drop on the metal block or on the test sample.

The sample impulse voltage wave shape (corrected if necessary) with the highest peak value
shall be used to determine the current impulse residual voltage of the SVU and the complete
EGLA, respectively, according to one of the following procedures a) or b):

Procédure a)

1) Multiply the sample impulse voltage wave shape by the scale factor (see 6.2).

2) From the wave shape of the current impulse, determine the rate of}¢hange of cyrrent
(di/dt) over the entire wave shape and multiply it by the inductancelin order to detefmine
the inductive voltage drop:

u(t)=L-ﬂ=L'~h-g
dt dt
where

is the inductive voltage drop in kV as a fuaction of time;

<
~
-~

Ll is the inductance per unit length in uH/m;"L’ = 1 uH/m;

h is either the terminal-to-terminal length in m of the SVU or of the complete EGLA
including series gap and connectjon leads;

dj/dt is the rate of change of curredtiwith time in kA/us.
3)

>

dd the results of 1) and 2) on a-wave shape basis; the peak value of the resulting vave
hape shall be taken as the actyal current impulse residual voltage of the arrester.

n

Procédure b)

1) Multiply the peak value of the sample impulse voltage by the scale factor (see 6.2).
2) Determine the inductive voltage drop between the arrester terminals using the follqwing

formula:
i /
U =L d— =L"-h-2
dt T,
where
U_ is the peak value of the induciive voltage drop In KV,

L is the inductance per unit length in uH/m; L’ = 1;

h is either the terminal-to-terminal length in m of the SVU or of the complete EGLA
including series gap and connection leads;

T} is the front time of the current impulse in us; 77 = 2;

Iy is the actual discharge current amplitude in kA.

3) Add the results of 1) and 2); the resulting value shall be taken as the actual current
impulse residual voltage of the arrester.

8.3.3 Lightning current impulse residual voltage test

One lightning current impulse shall be applied to each of the three samples for each of the
following three peak values of approximately 0,5, 1 and 2 times the nominal discharge current
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of the EGLA. Wave shape of the current shall be 8/20 for "Series X" arresters and 2/20 for
"Series Y" arresters according to Table 1.

For the current impulses, there is no requirement for virtual time to half value on the tail but
tolerances on the virtual front time of the current impulses shall be within the following limits:

a) for 2/20 current impulses: from 1,7 us to 2,3 us for virtual front time;

b) for 8/20 current impulses: from 7 ps to 9 us for virtual front time;

The lightning impulse residual voltage for "Series Y” arresters is determined as per procedure
a) or b) in 8.3.2. For "Series X” arresters, no inductive effects are necessary to consider.

The mmaximum values of the determined residual voltages shall be drawn in a residual voltage
versys discharge current curve.

The yalue of

—_

. 4 times the residual voltage at the nominal discharge current acc€ording to Table (1 for

$eries X" designs,

[ ]
—_

3 times the residual voltage at nominal discharge curreniyaccording to Table [I for
$eries Y" designs,

shall|be lower than the minimum flashover voltage of the insulator assembly to be protected.
See also 10.5.3.

If thel routine test cannot be carried out on a complete SVU at nominal discharge current,[then
tests|shall be carried out at a current in the range*of 0,01 to 1 times the nominal discharge
currgnt for comparison with the complete SVU,

8.3.4 High current impulse residual. voltage test

This test applies to "Series Y" designs*only. One high current impulse of the wave shape|2/20
and g peak value according to Table”1 shall be applied to each of the three samples.

For the current impulses, thére'is no requirement for virtual time to half value on the tajl but
tolerances on the virtual front'time of the current impulses shall be within the following limits:

from 1,7 us tor2;3 us for virtual front time;
The high currefitimpulse residual voltage is determined as per procedure a) or b) in 8.3.2.

The palug jof 1,13 times the high current impulse residual voltage shall be lower than the
minimumi flashover voltage of the insulator assembly to be protected. See also 10.5.3.

8.4 Standard lightning impulse sparkover test

This is a mandatory type test only if not an acceptance test for each specific insulator
assembly according to 10.5 is performed. As a type test, it is performed without the insulator
assembly.

The purpose of this test is to determine the 50 % spark-over voltage of the EGLA under
lightning impulse voltage stress.

The test sample is one EGLA with the maximum gap distance for a given designated system,
without the insulator assembly.
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Wave shape shall be 1,2/50. The 50 % spark-over voltage (Usy ggLa) Shall be verified by the
up-and-down method according to IEC 60060-1.

NOTE 1 The protective margin between the spark-over voltage of the EGLA and the flashover voltage of the
insulator assembly to be protected can be evaluated by Ug, g 4 PlUs X times the standard deviation, (Ugy gg a *
X-0) not being higher than Uso. Insulator minus X times the standard deviation, (Uso, Insulator — X-0) Of the insulator
assembly to be protected, if agreed between manufacturer and user. X is to be agreed upon between the

manufacturer and the user. The standard deviation (o) is set to be 3 % for 1,2/50 impulses.
NOTE 2 A typical value for X is 2,5.

NOTE 3 Experience during testing has shown that the spark-over voltage of the EGLA can be influenced by the
close vicinity of the insulator assembly.

8.5 | High current impulse withstand test
8.5.1 Selection of test samples

The {est shall be performed on three sections of an SVU. The sections shall have a residual
voltape at nominal discharge current at the highest end of the variation range declared by the
manufacturer. In order to comply with these specifications the following.shall be fulfilled:

a) Tlhe ratio between the residual voltage at nominal discharge current of the complete[SVU
and the residual voltage at nominal discharge current of the section is defined by n| The
vplume of the resistor elements used as test samples/shall not be greater than the
minimum volume of all resistor elements used in the complete SVU divided by n.

b) The reference voltage U, of the SVU of the test sectien should be equal to the minjmum
g¢ference voltage of the SVU of the EGLA divideddy'n. If the reference voltage of the|SVU
of the test section is greater than the minimum ¢eférence voltage of SVU of the comjplete
E/GLA divided by r, the factor n shall be reduced correspondingly. If the reference volltage
o}
c

-

the SVU of the test section is less than the minimum reference voltage of SVU gf the
bmplete EGLA divided by r, the test section is not allowed to be used.

8.5.2 Test procedure

Two high current impulses of same-polarity, having peak values and wave shapes according
to Table 1, shall be applied to“the three sections. Time interval between the impulse
applications shall allow the sample to cool to ambient temperature.

The {olerances on the adjustment of the equipment shall be such that the measured values of
the current impulses argwwithin the following limits:

a) for 2/20 current impulses:

from 90(%:to 110 % of the specified peak value;

from™ 57 us to 2,3 us for virtual front time;

from 18 us to 22 us for virtual time to half value on the tail;

tho noale yaliin Af A, A~
TP CoOicT varaT—oTatty  OppPpost

peak value of the current;

less—than—20-%df the

— small oscillations on the impulse are permissible provided their amplitude near the
peak of the impulse is less than 5 % of the peak value. Under these conditions, for the
purpose of measurement, a mean curve shall be accepted for determination of the
peak value.

b) for 4/10 current impulses:
— from 90 % to 110 % of the specified peak value;
— from 3,5 us to 4,5 us for virtual front time;
— from 9 pus to 11 us for virtual time to half value on the tail.

— the peak value of any opposite polarity current wave shall be less than 20 % of the
peak value of the current;
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— small oscillations on the impulse are permissible provided their amplitude near the
peak of the impulse is less than 5 % of the peak value. Under these conditions, for the
purpose of measurement, a mean curve shall be accepted for determination of the
peak value.

8.5.3 Test evaluation

a) The reference voltage measured before and after the test shall have changed by not more
than 10 %.

b) Any change in residual voltage at nominal discharge current measured before and after
the test shall be within (-2 % to + 5 %).

Fsuatexarmmation of thetestsamptesafter theteststattreveatmoevidenceof purgture,
ashover and cracking or other significant damage of the test sample. If the metal-pxide
g¢sistors cannot be removed from the test samples for visual examination, thé.fellqwing
dditional tests shall be performed to ensure that no damage occurred dufing the|test.
fter the residual voltage test (b), two impulses at nominal discharge ecurrent shgll be
bplied to the test sample. The first impulse shall be applied after sufficient time to gllow
boling of the sample to ambient temperature. The second impulse is @pplied 50 s to|60 s
ter the first one. During the two impulses, the oscillograms of bothyvoltage and cyrrent
nall not reveal any breakdown, and the difference of the residual voltage between the
itial measurement before the test and the last of the two impulses after the test shafl not
kceed a range of (—2 % to + 5 %).

c)

=<

—

O =S VWDOD D>

8.6 | Test to verify the repetitive charge transfer rating, @, with lightning discharges
8.6.1 MO resistors
8.6.11.1 General

The purpose of this test is to verify the repetitivercharge transfer rating, O,¢, of an EGLA.

withgtood by the MO resistors of an EGLLA twenty times without mechanical or unacceptable
electfical damage. One impulse current stress is considered to represent a charge trapsfer
even} that may occur under real system conditions.

Repdtitive charge transfer capability is specified as an impulse current stress that CT be

The fepetitive charge transfer,rating is related to a certain very low failure probability and is
thus [not a deterministic but a statistical value. The test is performed on individual MO
resisfors at a charge value in the range 1,1 to 1,2 times the rated value selected from thie list
in 8.6.1.5. By this approach it is assumed that the performance of the individual MO resistors
can plso be assigned to a full EGLA built from these MO resistors, based on the| test
requirements and-the chosen statistical approach.

Charpe hasxbeen chosen as a test basis for the purpose of better comparison betyveen
diffelent makes of MO resistors.

For this test the current impulse shape shall be approximately sinusoidal. The time duration
for which the instantaneous value of the impulse current is between 5 % and 100 % of its
peak value shall be within 200 ps to 230 us. The peak of any opposite polarity current wave
shall be less than 5 % of the peak value of the current. The current peak value of each
impulse on each test sample shall lie between 90 % and 110 % of the selected peak value.

An EGLA shall be assigned a Q.4 value from the list given in 8.6.1.5.

A first test sequence shall be performed on 10 samples of MO resistors selected according to
8.6.1.2. If not more than one MO resistor fails, the entire test is passed. If two MO resistors
fail, a second sequence identical to the first shall be performed on an additional 10 samples.
The entire test shall then be passed if there is no failure of an MO resistor during this second
sequence. If more than two MO resistors fail in the first test sequence or any MO resistor fails
in the second test sequence, the entire test is failed.
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8.6.1.2 Selection of test samples

The test samples shall include complete SVUs, SVU sections or metal-oxide resistor elements
which have not been subjected to any previous tests except as necessary for evaluation
purposes of this test.

The samples to be chosen for the test to verify the repetitive charge transfer rating shall have
a residual voltage at nominal discharge current at the highest end of the variation range
declared by the manufacturer. Furthermore, in the case of multi-column SVUs, the highest
value of uneven current distribution shall be considered. In order to comply with these
specifications the following shall be fulfilled.

a)

b)

he ratio between the residual voltage at nominal discharge current of the complete
and the residual voltage at nominal discharge current of the section is defined by n

minimum volume of all resistor elements used in the complete SVU divided.by 1.

-

g¢ference voltage of the SVU of the EGLA divided by n. If the referencewoltage of the
the test section is greater than the minimum reference voltage of‘SVU of the com

bmplete EGLA divided by r, the test section is not allowed fo,be used.

O resistor length),,,,,, where (U g xa per mm of MQ resistor length),,,.
A residual voltage stress specified by the manufacturer for any length of the type o
sistors used in the arrester. If only samples. of lower 10-kA residual voltage stres

—~0 X =0 4 O 0 MmO

1o ka Per mm of MO resistor length),, .,

8.6.1.3 Test procedure

Figurde 2 gives an overview of the test.procedure.

SVvuU
The

vplume of the resistor elements used as test samples shall not be greater than the

The reference voltage U, of the SVU of the test section should be equalto the minjmum

Svu
plete

GLA divided by »n, the factor n shall be reduced correspondingly. If the reference voltage
the SVU of the test section is less than the minimum reference voltage of SVU gf the

he samples shall be of the longest length of the type of\MO resistors used in the design,
hd shall have a 10-kA residual voltage stress of not tess than 0,97 x (U g o per mm of
is the highegt 10-

f MO
5 are

ailable, the required transferred charge shall be increased for the test by the factor
I£U10 ka Per mm of MO resistor length),iyal-

Initigl tests

Residual voltage test at nominal discharge current

Reference voltage test.at"Specified reference current

Appljcation of 1,1 times QO

18t sequence: (20,impulses per sample (10 samples)

if not more.than one sample failure during 15! sequence: test passed

if not more than two sample failures during 15! sequence: conduct 2" sequence with 10 sample$, 20
impulses per sample
if more than two sample failures in 15! sequence or any sample failure in 2" sequence: test failed
Test|evaluation: check for
. no mechanical damage at visual inspection
e change of reference voltage within +5 %
e change of residual voltage at nominal discharge current within +5 %
e withstand capability to one 8/20 current impulse of at least 0,5 kA/cm? peak current density or 2
times I, whichever is lower
IEC

Figure 2 — Test procedure to verify the repetitive
charge transfer rating, O,

Ten test samples shall be tested in the first sequence. Depending on the results, it may be
necessary to test an additional ten samples in a second sequence.

The samples shall fulfil the requirements in 8.6.1.2.
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The following procedure shall be followed:

2017

a) Each sample shall be subjected to a residual voltage test at nominal discharge current

b)

c)
d)

NOTE| The requirement of testing at least 1,1 times the rated charge values is considered to give-suf
confidence that the performance of the individual MO resistors can also be assigned to complete arfester
from tpis type of MO resistors.

8.6.1/.4 Test evaluation

The full test shall be considered passed if either.

a)
b)

Othefwise, the test is considered as failed and a lower charge level, O, from the list s
in 8.6.1.5 shall be selected, and the test shall be repeated for'this lower charge level follg
the procedure given in 8.6.1.3.

NOTE| If only one failure occurs during the first sequence and/this happens, in the worst case, at the ve
impulge application, 180 impulses without failure will have been applied at the end, giving a failure probab
max. [1/181 = 0,0056 or 0,56 % for the complete test. If.two failures occur during the first sequence an
happeps, again as a worst case, at the very first applications on two of the samples, 360 impulses without
will hgve been applied at the end of both sequencesy(giving again a failure probability of max. 2/362 = 0,0
0,56 % for the complete test.

Each|individual sample shall be considered to have withstood the complete series of imp
if all he following criteria are met:

a)
b)

c)

d)

NOTE| «Puncture of the metallization is not considered a mechanical damage if all other pass criteria are met

and a reference voltage test at specified reference current before and after the test.

Each sample shall be subjected to twenty current impulses administered in ten groups of
two impulses, with time between impulses within a group of 50 s to 60 s and time between

groups sufficient for cooling to ambient temperature.
The wave shape and duration of the current impulses shall be as 8.6.1.

The charge content of each impulse shall be at least equal to the claimed repe
charge transfer rating (selected from the list given in 8.6.1.5) multiplied by 1,1.

npt more than one sample failed during the first sequence, or
npt more than two samples failed during two sequences.

there is no indication of meg¢hanical damage (puncture, flashover or cracking);

ahy change of the reference voltage before and after the test, measured at the
tgmperature + 3 K, iswithin £ 5 %;

ahy change of the residual voltage at nominal discharge current before and after the
i within + 5 %;

al final application of a current impulse 8/20 us of an amplitude resulting in a cy
density of at least 0,5 kA/cm?2 or in 2 times I,,, whichever is lower, is passed wi
nlechanical damage.

titive

ficient
5 built

hown
wing

y first
lity of
d this
failure
56 or

iIses

pame

test

rrent
thout

8.6.1.5 List of rated charge values

The following values, expressed in C, are standardized as rated charge values: 0,1; 0,2; 0,3;
0,4;0,6;0,8;1;1,2; 1,4, 1,6; 1,8; 2; 2,4; 2,8; 3,2; 3,6; 4.

If higher values shall be specified this shall be done in steps of 0,4 C.

8.6.2 Series gap

8.6.2.1 General

This test applies to the series gap for externally gapped line arresters (EGLA) with gap
spacing of 20cm or less.
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The purpose of this test is to verify the repetitive charge withstand capability of the series gap
under lightning impulse discharges. The test shall be performed on one series gap with a O,
value not less than the Q¢ value specified for the MO resistors of SVU.

8.6.2.2 Test procedure

Figure 3 gives an overview of the test procedure.

Pre- tests

e Determination of the 50 % spark-over voltage of the series gap under lightning impulse voltage stress
for both polarities. The shortest flashover distance for the design shall be used. The test can be

nerformadwithaout thao inculataor cccaomhbly,  Thao 50 0 enark ovar voltaaao (17 ) ch I| be
POFe I i V=50, EGLA series gap’
verified by the up-and-down method according to IEC 60060-1 (refer to 8.4).

For the application of lightning impulse discharges, the series gap can be integrated in series\witH one
of the ten test samples of test used in 8.6.1 to verify the repetitive charge transfer rating, Q. The
flashover distance of the series gap shall be adjusted to at least 10 mm to get an arc.

Appl|cation of Q¢
20 impulses of lightning impulse discharges

Postttest
Repeat of pre-test to determine the 50 % spark-over voltage for both polarities

IEC

Figure 3 — Test procedure to verify the repetitive charge withstand
of the series gap

8.6.2.3 Test evaluation

The $0 % spark-over voltage for each polarity in the post-test shall not have changed from the
valugs determined in the pre-test by more than .10 %.

8.7 | Short-circuit tests
8.7.1 General

The [manufacturer shall claim alshort-circuit rating of the SVU. SVUs shall be test¢d in
accofdance with this sub clause. The test shall be performed in order to show that an|SVU
failure does not result in a violent shattering of the SVU housing, and that self-extinguigshing
of ogen flames (if any) accurs within a defined period of time. Each SVU type is tested with
four yalues of short-circuit currents. If the SVU is equipped with some other arrangement|as a
substitute for a conyentional pressure relief device, this arrangement shall be included ip the
test.

The frequengy of the short-circuit test current supply shall be between 48 Hz and 62 Hz.

With |réspéct to short-circuit current performance, it is important to distinguish between two
desigrs-ef-SVs:

“Design A” SVUs have a design in which a gas channel runs along the entire length of the
SVU unit and fills > 50 % of the internal volume not occupied by the internal active parts.

— “Design B” SVUs are of a solid design with no enclosed volume of gas or having an
internal gas volume filling < 50 % of the internal volume not occupied by the internal active
parts.

NOTE 1 Typically, “Design A” SVUs are porcelain-housed SVUs, or polymer-housed SVUs with a composite
hollow insulator which are equipped either with pressure-relief devices, or with prefabricated weak spots in the
composite housing which burst or flip open at a specified pressure, thereby decreasing the internal pressure.

Typically, “Design B” SVUs do not have any pressure relief device and are of a solid type with no enclosed volume
of gas. If the resistors fail electrically, an arc is established within the SVU. This arc causes heavy evaporation and
possibly burning of the housing and/or internal material. These SVUs’ short-circuit performance is determined by
their ability to control the cracking or tearing-open of the housing due to the arc effects, thereby avoiding violent
shattering.
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NOTE 2 "Active parts" in this context are the non-linear, metal-oxide resistors and any metal spacers directly in
series with them.

Depending on the type of SVU and test voltage, different requirements apply with regard to
the number of test samples, initiation of short-circuit current and amplitude of the first short-
circuit current peak. Table 4 shows a summary of these requirements which are further
explained in the following subclauses.

8.7.2 Preparation of the test samples

8.7.2.1 General

For the high-current tests, the test samples shall be the longest SVU unit used for the dégsign
with the highest rated voltage of that unit used for each different SVU design.

For the low-current test, the test sample shall be an SVU unit of any length with-the highest
rated voltage of that unit used for each different SVU design.

FiguI 4 shows different examples of SVU units.

In calse a fuse wire is required, the fuse wire material and size shall*be selected so thgt the
wire will melt within the first 30 electrical degrees after initiation of‘the test current.

In orger to have melting of the fuse wire within the specified*time limit and create a suitable
cond|tion for arc ignition, it is generally recommended, that a fuse wire of a low resisfance
material (for example copper, aluminium or silver) with-a diameter of about 0,2 mm to 0,% mm
be uped. Higher fuse-wire cross-sections are applicable to surge SVU units prepared for
highgr short-circuit test currents. When there aresproblems in initiating the arc, a fuse wjre of
larger size but with a diameter not exceeding<4)5 mm, may be used since it will help arc
estaljlishment . In such cases, a specially prépared fuse wire, having a larger cross-section
along most of the SVU height with a short thinner section in the middle, may also help.

8.7.2.2 "Design A" SVUs

The pamples shall be prepared. with means for conducting the required short-circuit cyrrent
usind a fuse wire. The fuse wire shall be in direct contact with the MO resistors and be
positloned within, or as close as possible to, the gas channel and shall short-circuit the ¢ntire
interpal active part. The actual location of the fuse wire in the test shall be reported in the test
repoft.

No differences with " regard to polymer housings or porcelain housings are made in the
preparation of/the test samples. However, differences partly apply in the test procedure
(see 8.7.4.3)( In this case, "Design A" SVUs with polymeric sheds which are not mage of
porcglain_or-other hollow insulators, and which are as brittle as ceramics, shall be considered
and fested/as porcelain-housed SVUs.

8.7.2.3 "Design B" SVUs
8.7.2.3.1 General

"Design B" SVUs with polymeric sheds which are not made of porcelain or other mechanically
supporting structures, and which are as brittle as ceramics, shall be considered and tested as
porcelain-housed SVUs.

8.7.2.3.2 Polymer-housed SVUs

No special preparation is necessary. Standard SVU units shall be used. The SVU units shall
be electrically pre-failed with a power-frequency overvoltage. The overvoltage shall be run on
completely assembled test units. No physical modification shall be made to the units between
pre-failing and the actual short-circuit current test.
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The overvoltage given by the manufacturer should be a voltage exceeding the reference
voltage. It shall cause the SVU to fail within (5 + 3) min. The resistors are considered to have
failed when the voltage across the resistors falls below 10 % of the originally applied voltage.
The short-circuit current of the pre-failing test circuit shall not exceed 30 A.

The time between pre-failure and the rated short-circuit current test shall not exceed 15 min.

NOTE The pre-failure can be achieved by either applying a voltage source or a current source to the samples.

—  Voltage source method: the initial current should typically be in the range 5 to 10 mA/cm?. The short-circuit
current should typically be between 1 A and 30 A. The voltage source need not be adjusted after the initial
setting, although small adjustments might be necessary in order to fail the resistors in the given time range.

—  Clirrent source method: Typically a current density of around 15 mA/cm? with a variation of + 50 %, will|result
in| failure of the resistors in the given time range. The short-circuit current should typically be between 10 A
amd 30 A. The current source need not be adjusted after the initial setting, although small adjustments| might
b¢ necessary in order to fail the resistors in the given time range.

8.7.2.3.3 Porcelain-housed SVUs

The pamples shall be prepared with means for conducting the required .short-circuit cyrrent
usind a fuse wire. The fuse wire shall be in direct contact with the MO resistors and be
locatpd as far away as possible from the gas channel and shall short:circuit the entire internal
active part. The actual location of the fuse wire in the test shall be\reported in the test report.

8.7.3 Mounting of the test sample

The [SVU units to be tested can be either mounted{directly to a base according t¢ the
mounting arrangements as shown in Figure 5a ,and Figure 5b, or mounted hanging in
accofdance with the installation recommendations “of the manufacturer. The choice of test
installation is up to the manufacturer. In case of ‘suspended mounting, the bottom end gf the
SVU |shall be at the same level as the upper edge of the circular enclosure.

A%

For § base-mounted SVU, the mountingtarrangement is shown in Figure 5a and Figurg 5b.
The (distance to the ground from thélhsulating platform and the conductors shall be as
indicgted in Figure 5a and Figure 5b.

For mon-base-mounted SVUs:(for example, pole-mounted SVUs), the test sample shdll be
mounted on a non-metallic pojé using mounting brackets and hardware typically used fof real
servite installation. For the purpose of the test, the mounting bracket shall be considered|as a
part pf the SVU base.lIln'cases where the foregoing is at variance with the manufactyrer's
instryictions, the SVUJ'\shall be mounted in accordance with the installation recommenddtions
of the manufacturer” The entire lead between the base and the current sensor shall be
insulated for atyleast 1 000 V. The top end of the test sample shall be fitted with the |base
assembly of thessame design of an SVU or with the top cap.

For Qasemounted SVUs, the bottom end fitting of the test sample shall be mounted on a test
base|that is at the same height as a surrounding circular or square enclosure. The test |base
shall be of insulating material or may be of conducting material if its surface dimensions are
smaller than the surface dimensions of the SVU bottom end fitting. The test base and the
enclosure shall be placed on top of an insulating platform, as shown in Figure 5a and
Figure 5b. For non-base-mounted SVUs, the same requirements apply to the bottom of the
SVU. The arcing distance between the top end cap and any other metallic object (floating or
grounded), except for the base of the SVU, shall be at least 1,6 times the height of the sample
SVU, but not less than 0,9 m. The enclosure shall be made of non-metallic material and be
positioned symmetrically with respect to the axis of the test sample. It shall not be permitted
to open or move during the test. The height of the enclosure shall be 40 cm + 10 cm, and its
diameter (or side, in case of a square enclosure) shall be equal to the greater of 1,8 m or D in
the Equation below:

D:1,2X(2><H+stu)
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where
H is the height of tested SVU unit;
Dgyy  is the diameter of tested SVU unit.

Porcelain-housed SVUs shall be mounted according to Figure 5a. Polymer housed SVUs shall
be mounted according to Figure 5b.

Test samples shall be mounted vertically unless agreed upon otherwise between the
manufacturer and the purchaser.

The fnounting of the SVU during the short-circuit test and, more specifically, the roufing df the
condpctors shall represent the most unfavourable condition in service.

NOTE| The routing shown in Figure 5a is the most unfavourable to use during the initial phase ,of \the test pefore
venting occurs (especially in the case of a SVU fitted with a pressure relief device). Positioning the sample as
shown in Figure 5a, with the venting ports facing in the direction of the test source, may cause the externallarc to
be swept in closer proximity to the SVU housing than otherwise. As a result, a thermal shock effect may [cause
excessive chipping and shattering of porcelain weather sheds, as compared to the other,pOssible orientatipns of
the vgnting ports. However, during the remaining arcing time, this routing forces the are to move away frdm the
SVU, Bnd thus reduces the risk of the SVU catching fire. Both the initial phase of the\test as well as the paft with
risk ofl catching fire are important, especially for SVUs where the external part of-the housing is made of polymeric
material.

For gll polymer-housed SVUs, the ground conductor shall bexdirected to the opposite dirgction
as thle incoming conductor, as described in Figure 5b. Inthis way, the arc will stay cloge to
the BVU during the entire duration of the short-cirCuit” current, thus creating the |most
unfayourable conditions with regards to the fire hazard.

In th¢ event that physical space limitations of the faboratory do not permit an enclosure gf the
specified size, the manufacturer may choose to,use an enclosure of lesser diameter.

8.7.j High-current short-circuit tests
1

8.7.4, General

Thre¢ samples shall be tested atcurrents based on selection of a rated short-circuit cyrrent
seledted from Table 5. All three samples shall be prepared according to 8.7.2 and mounted
accofding to 8.7.3.

Testg shall be made-in_a single-phase test circuit, with an open-circuit test voltage of 77|% to
107 % of the rated voltage of the test sample, as outlined in 8.7.4.2. However, it is expe¢cted
that fests on high=voltage SVUs will have to be made at laboratories which might not have the
suffigient short<circuit power capability to carry out these tests at 77 % or more of thq test
sample rated-voltage. Accordingly, an alternative procedure for making the high-cufrent,
shorf-circuit*tests at a reduced voltage is given in 8.7.4.3. The measured total duration of test
currgnfflowing through the circuit shall be > 0,2 s.

NOTE Experience from porcelain-housed arresters has shown that tests at the rated current do not necessarily
demonstrate acceptable behaviour at lower currents.

8.7.4.2 High-current tests at full voltage (77 % to 107 % of rating)

The prospective current shall first be measured by making a test with the SVU short-circuited
or replaced by a solid link of negligible impedance.

The duration of such a test may be limited to the minimum time required to measure the peak
and symmetrical component of the current waveform.

For “Design A” SVUs tested at the rated short-circuit current, the peak value of the first half-
cycle of the prospective current shall be at least 2,5 times the r.m.s. value of the symmetrical
component of the prospective current. The following r.m.s. value of the symmetrical


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

IEC 60099-8:2017 © |IEC 2017 -31-

component shall be equal to the rated short-circuit current or higher. The peak value of the
prospective current, divided by 2,5, shall be quoted as the test current, even though the r.m.s.
value of the symmetrical component of the prospective current may be higher. Because of the
higher prospective current, the sample SVU may be subjected to more severe duty, and,
therefore, tests at X/R ratio lower than 15 shall only be carried out with the manufacturer’s
consent.

For “Design B” SVUs tested at rated short-circuit current, the peak value of the first half- cycle
of the prospective current shall be at least V2 times the r.m.s. value.

For all the reduced short-circuit currents. the r.m.s. value shall be in accordance with Table 5
and Ilhe peak value of the first half-cycle of the prospective current shall be at least Y2 {imes

the rlm.s. value of this current.

The $olid shorting link shall be removed after checking the prospective current\and the|SVU
sample(s) shall be tested with the same circuit parameters.

NOTE| The resistance of the restricted arc inside the SVU may reduce the r.m.s. symmetrical component apd the
peak Yyalue of the measured current. This does not invalidate the test, since the test-is being made with af least
normdl service voltage and the effect on the test current is the same as would berexperienced during a fault in
servicp.

The K/R ratio of the test circuit impedance, without the SVU onnected, should preferably be
at lepst 15. In cases where the test circuit impedance X{(R'ratio is less than 15, theg test
voltape may be increased or the impedance may be reduced, in such a way that, for the rated
shorf-circuit current, the peak value of the first half-gycle of the prospective current is ¢qual
to, of greater than, 2,5 times the required test cutrent level. For the reduced current |level
tests| the tolerances in Table 5 are met.

8.7.4.3 High-current test at less than 77°% of rated voltage

When tests are made with a test cireuit voltage <77 % of the rated voltage of the test
samples, the test circuit parameters shall be adjusted in such a way that the r.m.s. valpe of
the symmetrical component of the,actual SVU test current shall equal or exceed the required
test gurrent level of 8.7.4.

For “Design A” SVUs tested-at the rated short-circuit current, the peak value of the first|half-
cycld of the actual SVU\ test current shall be at least 2,5 times the r.m.s. value of the
symmetrical component*of the actual SVU test current. The following r.m.s. value of the
symmetrical compohent shall be equal to the rated short-circuit current or higher. The |peak
valug of the actual' SVU test current, divided by 2,5 shall be quoted as the test cufrent,
even|though the-r.m.s. value of the symmetrical component of the actual SVU test cyrrent
may pe higher.

The [following exception for the test at rated short-circuit current is valid for “Design A”

I haor hoiand Q\/llae ANy (ann Q 7 9 9 far thn Anfinitinn ~Af ~nAalvmanar AanA ~AAranlain hAl d
polyrrer-hoeused-SVUs—enbr{(see8-722 for the—definitionof pelymer—andpereelainhduse

SVUs): if the rated voltage of the test sample is more than 150 kV and a first peak value of
> 2,5 times the rated short-circuit current cannot be achieved, an additional test sample shall
be tested. This additional test sample shall be tested according to either 8.7.4.2 or 8.7.4.3.
It shall have a rated voltage of > 150 kV and shall also not be shorter than the shortest SVU
unit used for the actual SVU design. The rated short-circuit current value shall be the lowest
of the r.m.s. current from the test on the longest unit and the r.m.s. current defined according
to testing with either 8.7.4.2 or 8.7.4.3 from the test on the minimum 150 kV rated unit. Both
tests shall be reported.

For “Design B” SVUs tested at rated short-circuit current, the peak value of the first half- cycle
of the actual SVU test current shall be at least V2 times the r.m.s. value.
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For all the reduced short-circuit currents the r.m.s. value shall be in accordance with Table 5
and the peak value of the first half-cycle of the actual SVU test current shall be at least V2
times the r.m.s. value of this current.

Especially for tall SVUs that are tested at a low percentage of their rated voltage, the first
asymmetric peak current of 2,5 is not easily achieved unless special test possibilities are
considered. It is thus possible to increase the test r.m.s voltage or reduce the impedance so
that, for the rated short-circuit current, the peak value of the first half-cycle of the test current
is equal to, or greater than, 2,5 times the required test current level. In case of testing with a
generator, the first peak of 2,5 times the required test current can also be achieved by varying
the generator’s excitation. The current should then be reduced, not less than 2,5 cycles after
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8.7.5

The
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ion, to the required symmetrical value. The actual peak value of the test current, di
5, should be quoted as the test current, even though the r.m.s. value of the symme
onent of the actual SVU test current may be higher. Because of the higher téstcu
ample SVU may be subjected to more severe duty and, therefore, tests at X/R ratio

15 should only be carried out with the manufacturer’s consent.

Design B” polymer-housed SVUs, even the first current peak of Al2“may not be ¢
ved unless special test facilities are considered. Pre-failed\SVUs can buil
derable arc resistance, which limits the symmetrical current:through the SVU.

e, preferably before the test samples have cooled down.

iently low impedance prior to applying the shortscircuit current by reapplying the
j, or similar, circuit during a maximum of 2 syimmediately before applying the S
t test current (see Figure 6). It is acceptable. to increase the short-circuit current g
pplied circuit up to 300 A (r.m.s). If so, itsymaximum duration, which depends o
nt magnitude, shall not exceed the following value:

Lipf < Qrpf / Irpf

D

is the re-pre-failing timelin s;
is the re-pre-failing/charge in C; Orpf = 60 C;
is the re-pre-failing.current (r.m.s.) in A.

Low-current.short-circuit test

est shall be-made by using any test circuit that will produce a current through the
le of 600~A £ 200 A (r.m.s. value), measured at approximately 0,1 s after the start g
nt flowxFhe current shall flow for 1 s or, for “Design A” porcelain-housed surge S
venting occurs.
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bre-failed SVUs, therefore, it is recommended to ensure that the SVU represents a
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Refer to Note 2 of 8.7.6 with regard to handling an SVU that fails to vent.

8.7.6

Evaluation of test results

The test is considered successful if the following three criteria are met.

a) No violent shattering. Structural failure of the sample is permitted as long as criteria b)

a

nd c) are met.

b) No parts of the test sample shall be allowed to be found outside the enclosure, except for

fragments, less than 60 g each, of ceramic material such as from metal-oxide resi
or porcelain;

pressure relief vent covers and diaphragms;

soft parts of polymeric materials.

stors


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

IEC 60099-8:2017 © |IEC 2017 - 33 -

c) The SVU shall be able to self-extinguish open flames within 2 min after the end of the test.
Any ejected part (in or out of the enclosure) shall also self-extinguish open flames within 2
min. A shorter duration of self-extinguishing open flames for ejected parts may be agreed

upon between the purchaser and the manufacturer.

If the SVU has not visibly vented at the end of the test, caution should be exercised, as the
housing may remain pressurized after the test. This note is applicable to all levels of test

current, but is of particular relevance to the low-current, short-circuit tests.

It may be of particular importance for EGLA applications that safety considerations on ejected
fragments, mechanical integrity and even a certain strength after failure are required. In that

caseﬁwwmmhmmrmwrer
and the user (as an example, it may be required that after the tests the SVU still be able fo be

lifted|and removed by its top end).
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Table 5 — Required currents for short-circuit tests

Reduced short-circuit currents Low short-circuit
Rated short- X
circuit current current with a
I +10 % duration
s of1s?
A A A

80 000 50 000 25000 600 + 200

63 000 25 000 12 000 600 + 200

50 000 25000 12 000 600 + 200

40 000 25 000 12 000 600 + 200

31 500 12 000 6 000 600 + 200

20 000 12 000 6 000 600 + 200

16 000 6 000 3 000 600 + 200

10 000 6 000 3 000 600 £200

5000 3 000 1500 600 + 200
a) For SVUs to be installed in resonant earthed or unearthed (heutral systems, the
increase of the test duration to longer than 1 s, up to 30 min;-may be permitted after
agreement between the manufacturer and the purchaser. /n\this case the low short-
circuit current shall be reduced to 50 A + 20 A, and the test'sample and acceptance

criteria shall be agreed between the manufacturer and the purchaser.

existing type of SVU, already qualified for one*of the rated currents in Table 5, is

being

qualified for a higher rated-current value availabléyin this table, it should be tested only gt the
new frated value. Any extrapolation can only be“extended by two steps of rated short-dircuit
currgnt.

If a hew SVU type is to be qualified for a higher rated current value than available in this

table| it shall be tested at the proposed rated current, at 50 % and at 25 % of this
current.
If an|existing SVU is qualified for one of the rated short-circuit currents in this table

deenjed to have passed the.test for any value of rated current lower than this one.

rated

| it is
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i

IEC

Number of units = 1

IEC

Number of units = 1

IEC

Number of units = 1

Case a)

One mechanical and
electrical unit

Case b)

Two mechanical internal
assemblies covered by one
common housing providing final
mechanical strength

Case ¢)

housing with an intermedifate

One mechanical unit covereIﬂby a
i
potential grading element

IEC

Number of units = 2

Number of units = 1

IEC

Number of units = 1

Case d)

Two mechanical units covered by
individual housings each and
assembled afterwards

Case €)

Two mechanical units of final
mechanical strength, intermediate
flanges covered by soft insulating

material after assembly

Case f)

Two mechanical units covered by
individual housings each and
assembled afterwards

MO elements

Metallic parts

=
]
i

@ Final mechanically supporting part of housing

Mechanical structure for assembly

Soft outer part of housing

Figure 4 — Examples of SVU units
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Flexible over a length

w
=} of at least 0,2 m
r
SVu
Venting system <

Dimensions in metres

(Tanyj
Base
Enclosure §

0,4 %0,

Insulating
platform

Figure 5a — Circuit layout for porcelain-housed SVUs

(all leads and venting systems in the same plane)

Flexible over a length

IEC

Dimensions in 1

hetres

o 2, of at least 0,2 m
y
|
Svu
Venting systen <
(if any) ;_
Enclosure 1 Base z\
— Insulating
platform

Figure 5b — Circuit layout for polymer-housed SVUs

(all leads and venting systems in the same plane)

Figure 5 — Short-circuit test setup

IEC
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SW 1
Short circuit

generator

SW 2
Test

S
[ sample

~N IEC

NOTE| SW 1 is closed and SW 2 is opened to apply pre-failing level of current (maximum of 30 A, limifed by
impedgnce Z). After a maximum of 2 s, SW 2 is closed to cause the specified sheri-circuit current to flow tHrough
the tegt sample.

Figure 6 — Example of a test circuit for re-applying-pre-failing circuit
immediately before applying the short-circuit test current

8.8 | Follow current interrupting test
8.8.1 General

This ftest is to verify follow current interruptingZoperation of an EGLA after the series gap had
sparfed over under a lightning impulse voltage. The test sample is a complete EGLA|or a
sectipn of an EGLA.

This [test also verifies the performance of the EGLA under polluted conditions by taking into
accolnt the current that would flow over the surface of the SVU housing due to the presence
of a vetted pollution layer.

This test may be perforrmed either as a type test with an SDD level and EGLA configuration
seledted by the manufacturer or, alternatively, as an acceptance test with the SDD |level
agreg¢d upon betweénythe manufacturer and the purchaser, (see 10.6).

The follow curfent interrupting test shall be performed by either “Test method A” (see 8.8]2) or
“Tes{ method-B” (see 8.8.3). If the pollution severity on site is "Very heavy” according tp the
definjtioninc [EC TS 60815-1, "Test method B" shall be applied. Else, the choice of thg test
methpd. s upon the manufacturer. For “Test method A” the EGLA Housings shall be designed
accokes 15-series-

NOTE With "Test method A", the effect of pollution on the SVU external surface current is modelled by an
additional linear resistor connected in parallel to the SVU, and the test is performed under clean and dry
conditions. "Test method B" is a test under artificial pollution conditions.

8.8.2 "Test method A"
8.8.2.1 Requirements on the test circuit

The impedance of the power-frequency voltage source shall be such that during the flow of
follow current, the peak value of power-frequency voltage, measured at the EGLA terminals,
does not fall below the peak value of the rated voltage of the test specimen and after the
interruption of follow current, the peak voltage does not exceed the peak value of the rated
voltage by more than 10 %. An example of a test circuit is given in Annex A.
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8.8.2.2 Test procedure
The EGLA test sample shall be prepared as follows

a) The non-linear metal-oxide resistor part shall be a complete SVU, or an SVU section, or a
pile of metal-oxide resistor elements; the scale factor »n (ratio of the rated voltage of the
complete EGLA to the rated voltage of the EGLA test sample) shall not be higher than
five. If the rated voltage of the complete EGLA is higher than 12 kV the rated voltage of
the test sample shall not be lower than 12 kV.

b) The volume of the resistor elements used as test samples shall not be greater than the
minimum volume of all resistor elements used in the complete SVU divided by n.

c) The reference voltage U,y of the SVU of the test section should be equal to the minimum
r¢ference voltage of the SVU of the EGLA divided by ». If the reference voltage of.the|SVU
of the test section is greater than the minimum reference voltage of the,K S¥U of the
complete EGLA divided by n, the factor n shall be reduced correspondingly. If the
re¢ference voltage of the SVU of the test section is less than the minimum referlence
bltage of the SVU of the complete EGLA divided by n, the test section is not allowgd to
e used.

v
b
d) Aflinear resistor shall be connected in parallel with the SVU in ordet'to provide sufficiently
h|gh follow current.

T

he external series gap shall be composed of the same eleCtrodes as those of the E[GLA.
5 length shall be not greater than the minimum gap length’ specified by the manufacfurer.
is not necessary to scale the gap.

The fest shall be conducted as follows:

A poer-frequency voltage equal to the rated voltage of the EGLA or EGLA section shall be
applied to the test sample.

The follow current flowing through the external series gap during the test will result ag the
additjon of the following two components:

o the leakage current on the SVWY'polluted surface simulated by means of the linear resistor
cpnnected in parallel to the SVU;

o the internal resistive current through the non linear metal-oxide resistor blocks Wwhen
epergised at the rated voltage.

The fesistance of the_linear resistor necessary to simulate the leakage current on the|SVU
polluted surface shall be calculated as R = F/K, F being the form factor (according to
IEC 60507) of the-SVU housing and K the layer conductivity.

The [layer<conductivity K shall be taken from Table 3 of IEC 60507:2013 at the| line
corrgspohding to the selected SDD. The accepted tolerance for the resistance ShTI be

O/ nf tha ~
o—OT—tHe-C

~-20

In the case of an EGLA, the pollution layer on the SVU is not under voltage until spark-over
occurs. In a worst-case scenario, the pollution layer will be totally wetted under rain
conditions and will remain so since drying due to surface leakage currents does not occur. As
there is no dry band arcing activity, the pollution layer may be assumed as a linear resistance.

NOTE With this method, the current level is higher than in operating service conditions, because the calculation
does not take into account the voltage drop across the external series gap of the EGLA.

Lightning impulse voltages shall then be applied to the EGLA in order to initiate spark-over
and provide a conductive channel across the external series gap. The impulse generator shall
be adjusted to obtain systematic spark-over of the gap.
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8.8.2.3 Test sequence

2017

The lightning impulse voltages, having the same or opposite polarity as the actual half cycle

of the alternating voltage, shall be applied (30° to 0°) before the instant of peak voltage.

A first test shall be performed with a gap length small enough to show that the power source

is able to supply and maintain the specified follow current.

The parallel linear resistor shall be adjusted such that the total follow current during the
is at least equal to the estimated value.

tests

Thergafter, the gap length shall be adjusted to the minimum specified value. Then, five's
over |operations at each polarity of the actual half cycle of the alternating voltage\shs
perfgrmed. If follow current is not established, more spark-over operations shall be'perfo

park-
Il be
rmed

until follow current was established five times for each polarity.

Permanent oscillograms of power-frequency voltage and follow current aSsociated with [each
discharge shall be taken. These oscillograms shall show the voltage across and the cyrrent
trough the test sample throughout the period from one complete cycte before applicatipn of

applied. There shall be no further spark-over of the sample inany subsequent half cycle.

8.8.2.4 Test evaluation

pulse to ten complete cycles after the final interruption of ‘the follow current. [Final
uption of the follow current shall occur within the half-cycle in which the impulse is

The pample has passed the test if for the ten spark‘over operations the follow currgnt is
interqupted within the first half cycle of the powersfrequency voltage and if there is no fyrther

spark-over in any subsequent half cycle.

8.8.3 "Test method B"

8.8.3|1 Requirements on the test:circuit

The |mpedance of the power-frequency voltage source shall be such that during the flow of
follow current, the peak value of'power-frequency voltage, measured at the EGLA terminals,
does| not fall below the peak,value of the rated voltage of the test specimen and aftefr the
interquption of follow current, the peak voltage does not exceed the peak value of the frated

voltage by more than 10-%. An example of a test circuit is given in Annex A.

8.8.3,.2 Test procedure and test sequence

The EGLA testisample shall be prepared as follows:

a)
b)

d)

A section of an EGLA or a complete EGLA shall be prepared as test sample.

The ron-linear metal-oxide resistor part shall be a complete SVU or an SVU section; the
scale factor n (ratio of the rated voltage of the complete EGLA to the rated voltage of the
EGLA test sample) shall not be higher than five. If the rated voltage of the complete EGLA
is higher than 12 kV the rated voltage of the test sample shall not be smaller than 12 kV.

The volume of the resistor elements shall not be greater than the minimum volume of all
resistor elements used in the complete SVU divided by n.

The reference voltage U, of the SVU of the test section should be equal to the minimum
reference voltage of the SVU of the EGLA divided by n. If the reference voltage of the SVU
of the test section is greater than the minimum reference voltage of the SVU of the
complete EGLA divided by n, the factor » shall be reduced correspondingly. If the
reference voltage of the SVU of the test section is less than the minimum reference
voltage of the SVU of the complete EGLA divided by #n, the test section is not allowed to
be used.
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e) The external series gap shall be composed of the same electrodes as those of the EGLA.
Its length shall be not greater than the minimum gap length specified by the manufacturer.
It is not necessary to scale the gap.

The contamination slurry shall be prepared in accordance with the solid layer method in
IEC 60507 or any equivalent method, in which resistivity of the slurry can be determined from
the specified SDD value.

The test shall be conducted as follows:

The housing of the SVU shall be clean and dry and at ambient temperature. Washing with a
deterlgent may be necessary in order to remove oil films, but the detergent should be
thordughly rinsed off with water.

The purface hydrophobicity of the SVU shall be completely removed in order‘\to simulate
surfaice leakage currents to be expected in the worst case under the specified polluted
cond|tion.

With [the arrester de-energized, the contaminant shall be applied~to’ the whole insulation
surfalce of the SVU, including the undersides of the sheds. The pallution layer shall appepr as
a comtinuous film. The pollution coating may be applied by either’spraying, dipping or [flow-
coatipg.

NOTE|1 The following procedure is suggested to remove hydrophobicity on a polymeric (especially for sf{licone
rubbef) housing surface temporarily for the testing, without any damage of the surface or any additional ch¢mical
agent|in the pollutant:

a) Prepare slurry, which contains approximately 1 kg of Tonoko or Kaolin in 1 | of water.
b) Spray the slurry as uniformly as possible on the hydrophobic housing surface.

c] Dry the polluted surface under natural ambient~cohditions.
d

Wash off the deposited Tonoko or Kaolin_roughly, by running tap water, for example. After this pfocess
some amount of Tonoko or Kaolin willremain on the surface, which suppresses recovery of the
hydrophobicity temporarily.

Prior|to the testing, salt deposit density according to the above procedure should be chgcked
on the same design of polymeric housing surface.

NOTE|2 Once the hydrophobicity is removed by the procedure given in NOTE 1, testing on the test spegcimen
needs|to be completed within.one day, in order to prevent recovery of hydrophobicity.

Withiln (3 min to 3,5 min) after the contaminant has been applied to the test sample it shall be
expoped to its rated voltage for a time duration long enough to initiate one sparkfover
operation of the/test sample.

The lightning impulse voltages, having the same or opposite polarity as the actual half pycle
of th¢ alternating voltage, shall be applied (30° to 0°) before the instant of peak voltage.

A first test shall be performed with a gap length small enough to show that the power source
is able to supply and maintain the specified follow current.

Thereafter, the gap length shall be adjusted to the minimum specified value. Then, five spark-
over operations at each polarity of the actual half cycle of the alternating voltage shall be
performed. If follow current is not established, more spark-over operations shall be performed
until follow current was established five times for each polarity.

The pollution layer shall be renewed after each spark-over operation.

Permanent oscillograms of power-frequency voltage and follow current associated with each
discharge shall be taken. These oscillograms shall show the voltage across and the current
trough the test sample throughout the period from one complete cycle before application of
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the impulse to ten complete cycles after the final interruption of the follow current. Final
interruption of the follow current shall occur within the half-cycle in which the impulse is
applied. There shall be no further spark-over of the sample in any subsequent half cycle.

NOTE The time interval between spark-over operations need not to be specified for this test.
8.8.3.3 Test evaluation
The sample has passed the test if

a) no flashover occurred on the SVU surface;

b) fegrthetemrspark-over operations—thefotow correntis—mterrupted—withimthetatf=cygle of
ppwer-frequency voltage during which the spark-over occurs and if there is no~fyrther
spark-over in any subsequent half cycle.

8.9 Mechanical load tests on the SVU
8.9.1 General

Thesg tests demonstrate that the SVU is able to withstand the mechanical strength values
(SLL]and SSL) and the vibrational loads specified by the manufacturer.

8.9.2 Bending test
8.9.211 General

This fest demonstrates that the SVU is able to withstand the mechanical strength values|(SLL
and $SL) specified by the manufacturer. The test.shall be performed on three or six samples
of S|Us or SVU units. The complete test procedure’is shown by the flow chart in Clause B.5.

8.9.2.2 Test procedure for porcelain and cast resin housed SVUs

8.9.2.2.1 General

This [test applies to porcelain andxgast-resin housed SVUs of EGLAs for Ug > 52 kV. Ifj also
applips to porcelain and cast-resin housed SVUs of EGLAs for Ug < 52 kV for which the
manyfacturer claims cantileyer.strength.

The {est demonstrates the ability of the SVU to withstand the manufacturer's declared values
for bending loads. Normally, an SVU is not designed for torsional loading. If an SWU is
subjgcted to torsional loads, a specific test may be necessary by agreement between the
manyfacturer and-the user.

The {est shall'be performed on complete SVU units without internal overpressure. For sinhgle-
unit BVU. designs, the test shall be performed on the longest unit of the design. Whefe an
SVU [contains more than one unit or where the SVU has different specified bending moments
in both ends, the iest shall be performed on ihe longest unit of each diiterent specified
bending moment, with loads determined according to Clause B.1.

The test shall be performed in two parts that may be done in any order:

— abending moment test to determine the mean value of breaking load (MBL);

— a static bending moment test with the test load equal to the specified short-term load
(SSL), i.e. the 100 % value of Clause B.2.

8.9.2.2.2 Sample preparation

One end of the sample shall be firmly fixed to a rigid mounting surface of the test equipment,
and a load shall be applied to the other (free) end of the sample to produce the required
bending moment at the fixed end. The direction of the load shall pass through and be
perpendicular to the longitudinal axis of the SVU. If the SVU is not axi-symmetrical with


https://iecnorm.com/api/?name=b25fb9c59498f41dcc621e60d006d626

IEC 60099-8:2017 © |IEC 2017 - 43 -

respect to its bending strength, the manufacturer shall provide information regarding this non-
symmetric strength, and the load shall be applied in an angular direction that subjects the
weakest part of the SVU to the maximum bending moment.

8.9.2.2.3 Test procedure
8.9.2.2.3.1 Test procedure to determine the mean value of breaking load (MBL)

Three samples shall be tested. If the test to verify the SSL (see 8.9.2.2.3.2) is performed first,
then samples from that test may be used for determination of MBL. The test samples need not
contain the internal parts. On each sample, the bending load shall be increased smoothly until
Heoee S vitR+A 0—s 60—90——= “ ea ‘G”-i” actufr€e—o € ‘i-"G oG ageS

ay occur to fixing device or end fittings.

The mean breaking load, MBL, is calculated as the mean value of the breaking”loads fdr the
test gamples.

NOTE| The housing of an SVU might splinter while under load and might present a handling-hazard.
8.9.2,2.3.2 Test procedure to verify the specified short-term_load (SSL)

Thre¢ samples shall be tested. The test samples shall contain the-internal parts. Prior tp the
tests| each test sample shall be subjected to a leakage check (see 9.1, item c)) and an
interpal partial discharge test (see 9.1, item b)). If these tests\Nave been performed as routine
tests| they need not be repeated at this time.

On epch sample, the bending load shall be increased smoothly to SSL, tolerance ig%, within

30 s o 90 s. When the test load is reached, it shall'be maintained for 60 s to 90 s. During this
time [the deflection shall be measured. Then»the load shall be released smoothly ani the
residual deflection shall be recorded. The residual deflection shall be measured in the interval
1 min to 10 min after the release of the load.

NOTE| The housing of an SVU might splinter while under load and might present a handling hazard.

If it s necessary for any reason to apply a load that is more than 5 % above SSL an
agre¢ment must be made with\the manufacturer.

8.9.2.2.4 Test evaluation
The $VU shall have\passed the test if

— the mean value of breaking load, MBL, is > 1,2 x SSL;
— fqr the SSL test

¢| 4here is no visible mechanical damage;

e —the remaining permanent deflection IS < 3 mm or < 10 % (whichever is greater) of
maximum deflection during the test;

e the test samples pass the leakage check in accordance with 9.1c);
o the internal partial discharge level of the test samples does not exceed the value
specified in 9.1 b);
8.9.2.3 Test procedure for polymer (except cast resin) housed SVUs

8.9.2.3.1 General

This test applies to polymer (except cast-resin) housed SVUs (with and without enclosed gas
volume) of EGLAs for Ug > 52 kV. It also applies to polymer (except cast-resin) housed SVUs
of EGLAs for Ug < 52 kV for which the manufacturer claims cantilever strength.
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Cast-resin housed SVUs shall be tested according to 8.9.2.2. SVUs that have no declared
cantilever strength shall be submitted to the terminal torque preconditioning according to
8.9.2.3.3.2 a), the thermal preconditioning according to 8.9.2.3.3.2c) and the water
immersion test according to 8.9.2.3.3.3.

The test demonstrates the ability of the SVU to withstand the manufacturer's declared values
for bending loads. Normally, an SVU is not designed for torsional loading. If an SVU is
subjected to torsional loads, a specific test may be necessary by agreement between the
manufacturer and the user.

The test shall be performed on complete SVU units with the highest rated voltage of the unit.
For dingle-unit SVU designs, the test shall be performed on the longest unit with the hiihest

rated voltage of that unit of the design. Where an SVU contains more than one unit.or, Where
the §VU has different specified bending moments in both ends, the test shall be péerformed on
the Ipngest unit of each different specified bending moment, with loads determined according
to Clause B.1. However, if the length of the longest unit is greater than 800"\mm, a shorter
length unit may be used, provided the following requirements are met:

— the length is at least as long as the greater of

o] 800 mm

o| three times the outside diameter of the housing (excluding the sheds) at the pqint it
enters the end fittings;

— the unit is one of the normal assortment of units usedyin the design, and is not specgially
made for the test;

— the unit has the highest rated voltage of that unit/efthe design.

A tegt in three steps (two steps for SVUs of EGLAs for Uy < 52 kV) shall be performed one
after the other on three samples as follows:

|
o

N all three test samples a cyclic testtcomprising 1 000 cycles with the test load equal to
He specified long-term load (SLL);

—

oh two of the samples a staticy bending moment test with the test load equal t¢ the
specified short-term load (SSL),"i.e. the 100 % value of Clause B.2 and on the 3" sgmple
almechanical preconditioning'test as per 8.9.2.3.3.2;
o}

n all three samples a water immersion test as per 8.9.2.3.3.3.

Toleffance on specified loads shall be fg’%.

If +5|% is exceeded this should be agreed upon with the manufacturer.

NOTE| The-cyclic test is not required for SVUs of EGLAs for U < 52 kV.

8.9.2.3.2 Sample preparation

The test samples shall contain the internal parts.

Prior to the test, each test sample shall be subjected to the following tests:

— electrical tests made in the following sequence:
e watt losses measured at 0,7 times U4 and at an ambient temperature of 20 °C £ 15 K;
e internal partial discharge test according to 9.1 b);

e residual voltage test at (0,01 to 1) times the nominal discharge current; the current
wave shape shall be in the range of 74/T, = (4 to 10)/(10 to 25) us;

— leakage checks in accordance with 9.1 ¢) for SVUs with enclosed gas volume and
separate sealing system.
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If the partial discharge test according to 9.1 b) and the leakage check according to 9.1 ¢)

have

been performed as routine tests they need not be repeated at this time.

One end of the sample shall be firmly fixed to a rigid mounting surface of the test equipment,
and a load shall be applied to the other (free) end of the sample to produce the required
bending moment at the fixed end. The direction of the load shall pass through and be
perpendicular to the longitudinal axis of the SVU. If the SVU is not axi-symmetrical with
respect to its bending strength, the manufacturer shall provide information regarding this non-
symmetric strength, and the load shall be applied in an angular direction that subjects the
weakest part of the SVU to the maximum bending moment.

8.9.2
8.9.2

The {

.3.3 Test procedure
.3.3.1 General

est shall be performed on three samples. For SVUs of EGLAs for Ug > 52 kV, the ts

pst is

perfgrmed in three steps. For SVUs of EGLAs for Ug < 52 kV, the test is. performed in two
steps.
a) §VUs of EGLAs for Ug > 52 kV
Step 1:
Subject all three samples to 1 000 cycles of bending{moment, each cycle comptising
loading from zero to specified long-term load (SLL) in one direction, followed by
loading to SLL in the opposite direction, then returning to zero load. The cyclic mpotion
shall be approximately sinusoidal in form, witha frequency in the range 0,01 Hz —
0,5 Hz.
Due to the control of the testing machine-«it*may take some cycles to obtain the|SLL.
The maximum number of these cycles_ shall be agreed upon with the manufacturer.
These cycles shall not be included inthe prescribed 1 000 cycles.
The maximum deflection during thestest and any residual deflection shall be recofded.
The residual deflection shall be<measured in the interval 1 min to 10 min aftey the
release of the load.
Step 2.1:
Subject two of the samples from step 1 to a bending moment test. The bending|load
shall be increased .smoothly to specified short-term load (SSL) within 30 s to 90 s.
When the test load.is reached, it shall be maintained for 60 s to 90 s. During this|time
the deflection shall be measured. Then the load shall be released smoothly.
The maximum~deflection during the test and residual deflection shall be recorded| The
residual-deflection shall be measured within 1 min to 10 min after the release df the
load.
Step 2.2:
Subject the third sample from Step 1 to mechanical/thermal preconditioning accofding
Step 3:
Subject all three samples to the water immersion test according to 8.9.2.3.3.3.
b) SVUs of EGLAs for Ug < 52 kV
Step 1.1:
Subject two samples to a bending moment test. The bending load shall be increased
smoothly to specified short-term load (SSL) within 30 s to 90 s. When the test load is

reached, it shall be maintained for 60 s to 90 s. During this time the deflection shall be

measured. Then the load shall be released smoothly.

The maximum deflection during the test and any residual deflection shall be recorded.

The residual deflection shall be measured in the interval 1 min to 10 min afte
release of the load.

r the
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Step 1.2:
Subject a third sample to mechanical/thermal preconditioning according to
8.9.2.3.3.2.

Step 2:

Subject all three samples to the water immersion test according to 8.9.2.3.3.3.
8.9.2.3.3.2 Mechanical/thermal preconditioning

This preconditioning constitutes part of the test procedure of 8.9.2.3.3 and shall be performed
on one of the test samples as defined in 8.9.2.3.3.

a) Tlerminal torque preconditioning

The BVU's terminal torque specified by the manufacturer shall be applied to the test sample
for a|duration of 30 s.

b) Thermo-mechanical preconditioning

This portion of the test applies only to SVUs for which a cantilever strength is declared.

The $ample is submitted to the specified long-term load (SLL) in_four directions and in thgrmal
variafions as described in Figure 7 and Figure 8.

If, in| particular applications, other loads are dominant, the relevant loads shall be applied
instepd. The total test time and temperature cycle shall.-rémain unchanged.

Load diregction

?
9 0° 180° 270° 90°
24 48 72 96
Time (h)
I +60
} ; . w45
. P .
0 i i i
E 124 172 96!
g = / Time (h)
£ -25 ;
) '
[l

IEC

Figure 7 — Thermo-mechanical test
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The thermal variations consist of two 48 h cycles of heating and cooling as described in
Figure 7. The temperature of the hot and cold periods shall be maintained for at least 16 h.
The test shall be conducted in air.

The applied static mechanical load shall be equal to SLL defined by the manufacturer. Its
direction changes every 24 h at any temperature in the transition from hot to cold, or from
cold to hot, as defined in Figure 8.

= Test load

I

P ——
/IR

Load direction 4
24 h cold period
Load direction 1
24 h hot period
— —
Load direction 2
24 h cold period

Load direction 3

l 24 h hot period IEC

Figure 8 — Example of the test arrangement for the thermo-mechanical test
and direction of the cantilever load

The test may be interrupted for maintenance for a total duration of 4 h and restarted after
interruption. The cycle then remains valid.

Any residual deflection measured from the initial no-load position shall be reported. The
residual deflection shall be measured within 1 min to 10 min after the release of the load.

c) Thermal preconditioning

This portion of the test applies only to SVUs for which no cantilever strength is declared.

The sample is submitted to the thermal variations as described in Figure 7 without any load
applied.
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The thermal variations consist of two 48 h cycles of heating and cooling as described in
Figure 7. The temperature of the hot and cold periods shall be maintained for at least 16 h.
The test shall be conducted in air.

8.9.2.3.3.3 Water immersion test

The test samples shall be kept immersed in a vessel, in boiling deionised water with 1 kg/m3
of NaCl, for 42 h.

NOTE The characteristics of the water described above are those measured at the beginning of the test.

The {emperature of the boitimg water cam be reduced to 80— C{with—a rmimimum duration pf 52
h) by agreement between the user and the manufacturer, if the manufacturer claims-thpt its
sealipg material is not able to withstand the boiling temperature for a duration of¢42/h.| This
valug of 52 h can be expanded up to 168 h (i.e. one week) after agreement/between the
manufacturer and the user.

At the end of the boiling, the SVU shall remain in the vessel until the water cools to
approximately 50 °C and shall be maintained in the water at this temperature until verifidation
tests| can be performed. The SVU shall be removed from the water)and cooled to ampient
tempgrature for not longer than three thermal time constants of the~sample. The 50 °C haglding
tempgrature is necessary only if it is necessary to delay the verification tests after the epd of
the water immersion test as shown in Figure 9. Evaluation tests' shall be made within the|time
speclfied in 8.9.2.3.3.4. After removing the sample from thé water it may be washed with tap
watef.

O 4
2
3 !
© In water ! In the open air
: |
= i
o . |
= | Boiling water :
|
|
|
|
|
|
|
|
|
|
50 J
|
|
Ambient temperature K
|
|
|
T T >

1
0 water 42 Time as Cooling <3  Within 8 h Time (h)
immersion long as thermal time verification
test necessary constant tests

IEC

Figure 9 — Test sequence of the water immersion test
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8.9.2.3.3.4 Determination fo thermal time constant

The SVU containing the most MO resistors per unit length of a multi-unit arrester shall be
placed in a still air ambient temperature of 20 °C + 15 K. The ambient temperature shall
remain within £3 K during the test. Thermocouples and/or some sensors, for example, utilizing
optical fibre technique to measure temperature shall be attached to the resistors. A sufficient
number of points shall be checked to calculate a mean temperature or the manufacturer may
choose to measure the temperature at only one point located between 1/2 to 1/3 of the
arrester length from the top. The latter will give a conservative result, thus justifying the
simplified method.

The MO resistors shall be heated within a maximum of 1 hour to a temperature of_at |least
140°C by the application of power-frequency voltage with an amplitude above_teferlence
voltape. This temperature shall be determined by the mean value if the tempgrature is
meagured on several MO resistors or the single value if only the 1/2 to 1/3 point.is\.checkgd.

In cqse of multi-column internal design, measures may have to be takenm 10 achieve ¢qual
tempgratures of all MO resistor columns, e.g. by adding one or more lingar resistors to jeach
of the columns in each unit. These resistors shall have a mass of not'more than 5 % df the
masg of MO resistors in the related columns, and they shall be positioned directly on thge top
or bgttom of the column. If this measure cannot be taken, an‘@lternative is to use gmall
bush|ngs in the metal flanges and place the linear resistors outside the housing.| The
temperature shall be measured on all individual MO resistor columns and the avgrage
tempgrature be used as column temperature.The difference between the highest and the
lowest temperature among the individual columns measured at the same height shall npt be
greafer than 20 K at an average temperature of 140 °C.

When this predetermined temperature is reachied; the voltage source shall be disconng¢cted
and fhe cooling time curve shall be determined over a period of not less than 2 h,| The
temperature shall be measured at least every minute. In the case of several measuring points
a mepn temperature curve shall be constructed.

For the purpose of this standard theythermal time constant is the time where the temperpture
has decreased by 63 % of the temperature difference between start and ambient temperagure.

8.9.2.3.4 Test evaluation

Testg according to 8.9:2:3.2 shall be repeated on each test sample.

The $VU shall have- passed the test if the following is demonstrated:

a) §VUs of EGLAs for Ug > 52 kV
Alfter step 2:
=/ there is no visible damage;

— the slope of the force-deflection curve remains positive up to the SSL value except
for dips not exceeding 5 % of SSL magnitude. The sampling rate of digital
measuring equipment shall be at least 10 s*'. The cut-off frequency of the
measuring equipment shall be not less than 5 Hz.

Maximum deflection during step 1 and 2 and any remaining permanent deflection
after the test shall be reported.

After step 3:
within 8 h after cooling as defined in Figure 9:

— the increase in watt losses, measured at 0,7 times U, and at an ambient
temperature that does not deviate by more than 3 K from the initial measurements,
is not more than the greater of 20 mW/kV of (0,7 times U,g) or 20 %,;
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the internal partial discharge measured at 0,7 times U, does not exceed 10 pC; at
any time after the above watt losses and partial discharge measurements:

for SVUs with enclosed gas volume and separate sealing system, the samples pass
the leakage test in accordance with 9.1 ¢);

the residual voltage measured on the complete sample at the same current value
and wave shape as the initial measurement is not more than 5 % different from the
initial measurement;

the difference in voltage between two successive impulses at nominal discharge
current does not exceed 2 %, and the oscillograms of voltage and current do not
reveal any partial or full breakdown of the test sample. The current wave shape

b) S

>

shall be in the range of T,/T, = (4 to T0)/(10 to Z25) ps, and the impulses shall be
administered 50 s to 60 s apart.

NOTE In case of extra long SVUs where the blocks can be dismantled this part of the| evaluatign test
can be performed on individual blocks or stacks of blocks. If the blocks cannotibe dismantled a
possible procedure would be to drill a hole in the SVU insulation to make contact with the internal
stack at a metal spacer and in this way be able to test shorter SVU sections.

the change in reference voltage measured before and after the two residual voftage
tests does not exceed 2 %.

VUs of EGLAs for Ug < 52 kV
fter step 1:

— there is no visible damage;

— for step 1.1, the slope of the force-deflection’curve remains positive up to thel SSL
value except for dips not exceeding 5 % of 'SSL magnitude. The sampling rdte of
digital measuring equipment shall be at feast 10 s=1. The cut-off frequency df the
measuring equipment shall be not less than 5 Hz.

Maximum deflection during step 1¢and any remaining permanent deflection |after
the test shall be reported.

fter step 2:

ithin 8 h after cooling as defined“in Figure 9:

the increase in watt losses, measured at 0,7 times U,y and at an ampient
temperature that dogs;not deviate by more than 3 K from the initial measuremients,
is not more than the'greater of 20 mW/kV of (0,7 times U,g) or 20 %,;

the internal partial discharge measured at 0,7 times U, does not exceed 10 pC; at
any time after\the above watt losses and partial discharge measurements:

for SVUs'with enclosed gas volume and separate sealing system, the samples|pass
the leakage test in accordance with 9.1 ¢);

thé residual voltage measured at the same current value and wave shape af the
initial measurement is not more than 5 % different from the initial measurement;

the difference in voltage between two successive impulses at nominal discharge

current does not exceed 2 % and the oscillograms-of voltage and current do not
765 ) I

reveal any partial or full breakdown of the test sample. The current wave shape
shall be in the range of 74/T, = (4 to 10)/(10 to 25) us and the impulses shall be
administered 50s to 60 s apart.

the change in reference voltage measured before and after the two residual voltage
tests does not exceed 2 %.

NOTE In case of extra long SVUs where the blocks can be dismantled, the residual voltage test can
be performed on individual blocks or stacks of blocks. If the blocks cannot be dismantled, a possible
procedure would be to drill a hole in the SVU insulation to make contact with the internal stack at a
metal spacer and in this way be able to test shorter SVU sections.
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8.9.3 Vibration test

8.9.3.1 General

This test demonstrates that the SVU is able to withstand the vibration stress specified by the
manufacturer. The test shall be performed on one complete SVU.

This is a mandatory test if not performed as an acceptance test according to 10.7.

The vibration test should also be performed on the spark gap. The mechanical stress should
be comparable to the stress which is required for the SVU, and the test sample installation
condffion should be agreed between the manufacturer and the purchaser.

8.9.3.2 Sample preparation

The fest samples shall contain the internal parts.

Prior|to the test, each test sample shall be subjected to the following tests:

—| electrical tests made in the following sequence:
e internal partial discharge test according to 9.1 b);

e residual voltage test at (0,01 to 1) times the nominal discharge current; the cyrrent
wave shape shall be in the range of 74/T, = (4 t0$10)/(10 to 25) us;

—| leakage checks in accordance with 9.1 c) for SVUs with enclosed gas volumg and
separate sealing system.

If the partial discharge test according to 9.1 b) and.the leakage check according to 9.1c) [have
been|performed as routine tests they need not berepeated at this time.

8.9.3/.3 Test procedure and test condition

o Installation condition: Intended most critical way of mounting

e Lpad: Actual electrode or loaded by maximum spegified
weight

e Akceleration at SVU's frée end: 19

e Number of oscillation$: 1-10% (one million)

e Ffequency: Resonance frequency of the SVU

. Dir_ection of gscillations: Intended most critical direction relative to the sgmple
akis

Othef acceleration values than 1 x g may be specified on agreement between the
manyfacturer and the purchaser.

8.9.3.4 Test evaluation

Tests according to 8.9.3.2 shall be repeated on each test sample.

The SVU shall have passed the test if the following is demonstrated:

a) the internal partial discharge measured at 0,7 times U, does not exceed 10 pC;

b) for SVUs with enclosed gas volume and separate sealing system, the samples pass the
leakage test in accordance with 9.1 ¢);

c) the residual voltage measured on the complete sample at the same current value and
wave shape as the initial measurement is not more than 5 % different from the initial
measurement;
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8.10| Weather aging tests
8.10.1 General
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the difference in voltage between two successive impulses at nominal discharge current
does not exceed 2 %, and the oscillograms of voltage and current do not reveal any partial
or full breakdown of the test sample. The current wave shape shall be in the range of
T4/T, = (4 to 10)/(10 to 25) us, and the impulses shall be administered 50 s to 60 s apart.

NOTE In case of extra-long SVUs where the blocks can be dismantled this part of the evaluation test can be
performed on individual blocks or stacks of blocks. If the blocks cannot be dismantled a possible procedure
would be to drill a hole in the SVU insulation to make contact with the internal stack at a metal spacer and in
this way be able to test shorter SVU sections.

the change in reference voltage measured before and after the two residual voltage tests
does not exceed 2 %.

The |environmental tests demonstrate by accelerated test procedures that. the sealing
mechanism and the exposed metal combinations of the SVU are not' impaired by
envirpnmental conditions. The test shall be performed on one complete (§VU of any lepgth.
For §VUs with an enclosed gas volume and a separate sealing system,the internal partsf may
be omitted. SVUs whose units differ only in terms of their lengths, @iid which are othefwise
based on the same design and material, and have the same sealing)system in each unit, are

cons|dered to be the same type of SVU.

8.10.2 Sample preparation

Prior| to the tests, the test sample shall be subjected\to a leakage check by any sensitive

methpd adopted by the manufacturer.

8.10.3 Test procedure
8.10.3.1 General

The {ests specified in Subclauses 8.10:3.2 and 8.10.3.3 shall be performed on one sample in

the spquence given.

8.10.3.2 Temperature cycling test

The fest shall be performed according to IEC 60068-2-14. The hot period shall be|at a
tempgrature of at least#40 °C, but not higher than +70 °C. The cold period shall be at |least
85 K|below the valuye-actually applied in the hot period; however, the lowest temperatyre in

the cpld period shallnot be lower than —50 °C:

tgmperature.change gradient: 1 K/min;

dbratien.of each temperature level: 3 h;

npmber of cycles: 10.

8.10.3.3 Salt mist test

The test shall be performed according to Clause 4 and 7.6, as applicable, of IEC 60068-2-
11:1981:

salt solution concentration: 5 % £ 1 % by weight;
test duration: 96 h.

8.10.4 Test evaluation

The SVU shall have passed the tests if the sample passes again the leakage check of 8.10.2.
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8.10.5 Additional test procedure for polymer (composite and cast resin) housed SVUs
8.10.5.1 General

For SVUs with polymer (composite and cast resin) housings, resistance to UV radiation shall
be demonstrated by the UV test according to 8.10.5.2 and 8.10.5.3 (in line with 9.3.2 of
IEC 62217:2012).

8.10.5.2 Procedure

Select three specimens of shed and housing materials for this test (with markings included, if
app“'\ahln)_ The insulator hnneing mataorial chall ho cnhjar\fnrl toa2 1 000 h LI\/ Iighf tact Jsing
one ¢f the following test methods. Markings on the housing, if any, shall be directly exposed
to UV light:

Xenon-arc methods: ISO 4892-1 and ISO 4892-2, using method A without\dark periods,
standard spray cycle, black-standard/black panel temperatures of 65 °C;'an irradiange of
afound 550 W/m?2
F
e

uorescent UV method: ISO 4892-1 and ISO 4892-3, using typefluorescent UV llamp,
Kposure method 1 or 2.

8.10.5.3 Acceptance criteria

After| the test, markings on shed or housing material shall be legible; surface degradations
such| as cracks and raised areas are not permitted. Iny'case of doubt concerning |such
degradation, two surface roughness measurements, Shall be made on each of the three
spec|imens. The roughness, R, as defined in ISO 4287, shall be measured along a sampling
length of at least 2,5 mm. R, shall not exceed 0,1.mm.

NOTE| ISO 3274 gives details of surface roughness measurement instruments.
8.11| Radio interference voltage (RIV) test

This fest applies to EGLA intended for-use on systems with Us = 72,5 kV.

The EGLA with an insulator configuration determined by the manufacturer to be appropriate
shall[be tested in accordance with the RIV test procedure of IEC 60099-4. The test voltage
shall[be the rated voltage (U,) of the EGLA.

The EGLA with the~insulator assembly shall be assembled in such a way that it simulates
actugl system installations. The test shall be performed on the longest EGLA, with the highest
rated voltage used for a particular EGLA type. The test voltage shall be applied betweeh the
terminals of the"EGLA.

The fest,shall be performed under dry conditions. The maximum radio interference level af the
EGLA with the insulator assembly energized at the test voltage shall not exceed 2 500 u\.

9 Routine tests

9.1 General

The minimum requirement for routine tests to be made by the manufacturer shall be as
follows:

a) Measurement of reference voltage (U,y) of each SVU unit (see 3.7 and 6.8). The
measured values shall be within a range specified by the manufacturer.

b) Internal partial discharge test. This test shall be performed on each SVU unit. The test
sample may be shielded against external partial discharges. The power-frequency voltage
shall be increased to at least 0,7 times U,y At this voltage, the partial discharge level
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shall be measured according to IEC 60270. The measured value for the partial discharge
shall not exceed 10 pC.

For SVU units with sealed housing and an included gas volume, a leakage check shall be
made on each SVU unit by any sensitive method adopted by the manufacturer.

Residual voltage test of the SVU. The test may be performed either on a complete SVU,
SVU units or on a sample comprising one or several metal-oxide resistor elements. The
manufacturer shall specify a suitable lightning impulse current in the range between 0,01
and 1 times the nominal current at which the residual voltage is measured. If not directly
measured, the residual voltage of the complete SVU is taken as the sum of the residual
voltages of the resistor elements or the individual SVU unlts The re3|dual voltage for the
The
f the

The residual voltage test may alternatively be performed with an impulse cyrrent

okide resistors. This point on the U-I-characteristic must then have been Inmmeasured ip the

When the purchaser specifies acceptance tests in the purchase agreement, tests sh3gll be
seledted among the following tests. The number and the way of preparation of test samples
are diven in Table 6, where "A" stands for the nearesf\lower whole number of the cubic rqot of

the number of EGLA to be supplied.

c)
d)
e)

f)

Table 6 — Acceptance tests
Numbet EGLA with Section of EGLA
Test item of test (w) or with (w) or Unit of Clause
without (wo) without (wo) Svu number
samples . .
insulator insulator
1. R¢ference voltage "A" Test 10.2
2. Infernal partial discharge test "A" Test 10.3
3. RIV test @ 1 Test (w) 10.4
4. Tgst for coordination between 1 Test (w) 10.5
insulptor withstand and EGLA
protdctive level )
5. Fdllow currentintérrupting test © 1 Test (wo) 9 Test (wo) 9 10.6
6. Vipration_test’®) 1 Test (wo) ) 10.7
a) Thistest'is mandatory if not performed as a type test in accordance with 8.11.
b)  ThisMest is m:mrqunry if not performed as a type test in accordance with 8 4

This test is mandatory if not performed as a type test in accordance with 8.8.
This test is performed either on a complete EGLA or a section of an EGLA, see 8.8.2.
This test is mandatory if not performed as a type test in accordance with 8.9.3.

This test is performed on a complete SVU including mounting hardware and the electrode of the external
series gap attached.

10.2 Reference voltage measurement of SVU

The reference voltage of the SVU shall be measured in accordance with 3.7 and 6.8. The
measured values shall be within a range specified by the manufacturer.
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10.3

The power-frequency voltage shall be increased to at least 0,7 times U,

Internal partial discharge test of SVU

ref-

At this voltage, the

partial discharge level shall be measured according to IEC 60270. The measured value for the
partial discharge shall not exceed 10 pC. The test sample may be shielded against external
partial discharges.

10.4

Radio interference voltage (RIV) test

This test applies to EGLA intended for use on systems with Us = 72,5 kV.

The
RIV
to gr

The

actua
rated
termi

GLA with the insulator assembly to be protected shall be tested in accordance Wit
est procedure of IEC 60099-4. The test voltage shall be the maximum continuous-p
pund system voltage (US/\/3) that will be applied in service.

FGLA with the insulator assembly shall be assembled in such a way.that it sim
| system installations. The test shall be performed on the longest EGLA with the hi
voltage used for a particular EGLA type. The test voltage shall bg applied betwee
nals of the EGLA.

The fest shall be performed under dry conditions. The maximum.radio interference level g

EGL

10.5
10.5.
This

Test for coordination between insulator withstand’ and EGLA protective level
1 General

test for coordination between insulator withstand and EGLA protective level is mand

as af acceptance test if not a type test according to 8.4 is performed. The test verifie

corre
the t
actud

Test

10.5.
10.5.
Stee

at w4
times

ct front-of-wave and standard lightning.impulse spark-over voltages for the EGLA
pical insulator assembly having thevshortest insulation distance to be protected fg
| system.

sample is a complete EGLA with the insulator assembly connected in parallel.

2 Steep front impulse/test
2.1 General

b front impulse*voltages of a virtual steepness of wave front enough to cause spark
ve front or.around the peak according to Table 7 shall be applied to the test sample
for each-polarity under dry conditions.

Table 7 — Virtual steepness of wave front of steep front impulses

\ with the insulator assembly energized at the test voltage, shall not exceed 2 500 u\.

the
hase

lates
hest
n the

f the

atory
5 the
with
r the

Lover
, five

Rated voltage of EGLA Virtual steepness of wave front
kV kV/us
3<U, <10 8,3 U,
10 < U, <120 7,0 U,
120 < U, <200 6,0 U,
200 < U, < 300 1300
300 < U, <420 1500
U, > 420 2 000
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10.5.2.2 Test evaluation

The EGLA has passed the test if all spark-overs at wave front or around the peak occurred in
the external series gap and no flashovers occurred at the insulator assembly.

10.5.
10.5.

3 Standard lightning impulse sparkover test

3.1 General

The purpose of this test is to determine the margin of protection the EGLA offers the insulator.

10.5.37

The

is to
marg
to be

S
44 o o

nonon<

If ag
asse

The
(Usy,

(Usp,
allow

manu

NOTE
10.5.

The
sequ
user

est voltage shall be a standard lightning impulse voltage 1,2/50. The purpose/ofithis
verify the 50 % spark-over voltage value Usy ggLa @nd to confirm sufficient ‘protg
in between the spark-over voltage of the EGLA and the flashover voltage.6f. the insy
protected.

ollowing test sequences a) and b) shall be performed in succession:

he 50 % spark-over voltage of the EGLA shall be verified for each polarity by the up
pwn method according to IEC 60060-1.

he series gap spacing of the EGLA shall be increased such that no spark-over occl
e following test sequence: 15 lightning impulse voltages of each polarity with a
blue equal to (1+X x o) times the 50 % spark-over voltage shall be applied to thg
bmple. The parameter X, specifying the protective) margin between EGLA and insu
nall be agreed upon between manufacturer andwser. The minimum acceptable valug
1,3.

eed between the manufacturer and the~user, the 50 % flashover voltage of the insy
mbly may be verified by the up-and-dewn test.

protective margin should be evaluated by Usy gga Plus X times the standard devi
EGLA t Xo) not being higher:than Usg |nsylator MiNUs X times the standard devi
Insulator — X X o) of the insulator assembly to be protected. The value of X an
ed number of flashovers:of the insulator assembly are to be agreed upon bet
facturer and user. The standard deviation (o) is set to be 3 % for 1,2/50 impulses.

A typical value for'X is 2,5.
3.3 Test evaluation

bample has passed the test if no flash-over occurs on the insulator assembly during
ences @) and b) if no other criteria have been agreed upon between manufacture
s€e"NOTE 2 of 10.5.3.2).

test
ctive
lator

and-

rs in
peak
test
ator,
b is X

lator

tion,
tion,
i the
veen

test
and

10.6
10.6.

Follow current interrupting test

1 General

This test is to verify follow current interrupting operation of the EGLA after the series gap has
sparked over under a lightning impulse voltage. The test sample is a complete EGLA or a
section of EGLA.

The test also verifies the performance of the EGLA under polluted conditions by taking into
account the current that would flow over the surface of the SVU housing due to the presence
of a wetted pollution layer.
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This test shall be performed either as an acceptance test with the SDD level agreed upon
between manufacturer and purchaser or, alternatively, as a type test with a SDD level and
EGLA configuration selected by the manufacturer, see 8.8.

The test shall be performed by either “Test method A” (see 8.8.2) or “Test method B” (see
8.8.3). If the pollution severity on site is "Very heavy” according to the definition in [EC TS
60815-1, "test method B" shall be applied. Else, the choice of the test method is upon the
manufacturer. For “Test method A” the EGLA housings shall be designed according to the
IEC 60815 series.

NOTE With "test method A", the effect of pollution on the SVU external surface leakage current is modelled by an
additignal Tinear resistor connecied in parallel to the SVU, and the test is performed under clean arfd dry
conditjons. "Test method B" is a test under artificial pollution conditions.

10.62 Test procedure
See §.8.2.2 and 8.8.3.2.

10.6f3 Test sequence

See 8.8.2.3 and 8.8.3.2.

10.6.4 Test evaluation

See 8.8.2.4 and 8.8.3.3.

10.7 | Vibration test on the SVU with attached electrode
10.71 General
This fest demonstrates that the complete SWU' including the attached electrode of the external

seriep gap and mounting hardware is .able to withstand the vibration stress expectg¢d in
servite.

This Js a mandatory test if not performed as a type test according to 8.9.3.

10.7.2 Sample preparation

The fest samples shall-contain the internal parts.

Prior|to the test,.each test sample shall be subjected to the following tests:

— electrical(tests made in the following sequence:

internal partial discharge test according to 9.1 b);

residual voltage test at (0,01 to 1) times the nominal discharge current; the current
wave shape shall be in the range of T,/7, = (4 to 10)/(10 to 25) ps;

— leakage checks in accordance with 9.1 ¢) for SVUs with enclosed gas volume and
separate sealing system.

If the partial discharge test according to 9.1 b) and the leakage check according to 9.1 c)
have been performed as routine tests they need not be repeated at this time.

10.7.3 Test procedure and test condition

¢ Installation condition: Mounting as in the intended in-service installation
including mounting hardware and the electrode at
the SVU

e Acceleration at SVU's free end: 1xg

e Number of oscillations: 1 x 108 (one million)
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e Frequency: Resonance frequency of the installation
e Direction of oscillations: Most critical load direction of the intended in-service
installation

Other acceleration values than 1xg may be specified on agreement between the manufacturer

and the purchaser.

10.7.4 Test evaluation

Tests according to 10.7.2 shall be repeated on each test sample.

The $VU shall have passed the test if the following is demonstrated:

a) the internal partial discharge measured at 0,7 times U,,; does not exceed 10 pC;

b) fqgr SVUs with enclosed gas volume and separate sealing system, the samples pas

Igakage test in accordance with 9.1 ¢);

c)

d)

e)

the residual voltage measured on the complete sample at the same‘current value
ave shape as the initial measurement is not more than 5 % different from the jnitial

easurement;

[ full breakdown of the test sample. The current wayve\shape shall be in the rang

is way be able to test shorter SVU sections.

bes not exceed 2 %.

5 the

and

e difference in voltage between two successive impulses-at-hominal discharge cyrrent
bes not exceed 2 %, and the oscillograms of voltage and.current do not reveal any pjartial

e of

/T, = (4 to 10)/(10 to 25) ps, and the impulses shall be administered 50 s to 60 s apprt.

DTE In case of extra-long SVUs where the blocks can be dismantled this part of the evaluation test ¢an be
rformed on individual blocks or stacks of blocks. If the hlocks cannot be dismantled a possible progedure
buld be to drill a hole in the SVU insulation to make contact with the internal stack at a metal spacer pnd in

e change in reference voltage measured-before and after the two residual voltage [tests
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Annex A
(informative)

Example of a test circuit for the follow current interrupting test

Figure A.1 gives an example of a test circuit for the follow current interrupting test on an
EGLA of (15 to 50) kV rated voltage. The linear resistor (8) is only present for "Test method

A"

— OO

2 4
12
13
5
1 3 |] —_— H
14 15
L
- 17
16
EC
Key
1 Charging capacitance of impulse generator
2 Triggering spark gap of impulse generator
3 Tail resistance for wave shape\1,2/50 of impulse generator
4 Front resistance for wave,shape 1,2/50 of impulse generator
5 Load capacitance of impulse generator
6 Blocking sphere gap\(sphere diameter 500 mm; gap length 1 300 mm)
7 Device under testy EGLA (SVU plus series gap)
U, = 15 k\. 1050 kV, gap length = 200 mm to 1 700 mm

8 Parallel'linear resistor to simulate SVU surface leakage current (only for "Test method A")
9 Current transformer
10 Damped capacitive divider
11 Inductance, L = 52 mH
12 Mixed RC divider
13 Metal-oxide surge arrester for protection of high-voltage test transformer, U, = 156 kV
14 High-voltage test transformer
15 Regulating transformer
16 Three-channel oscilloscope
17 Peak/v2 digital voltmeter

Figure A.1 — Example of a test circuit for the follow current interrupting test
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Annex B
(normative)

Mechanical considerations

B.1 Test of bending moment

In the case of a multi-unit SVU, each unit shall be tested with the bending moment according
to Figure B.1. The required load is calculated as given below. If the units differ only in length,

but are—otherwise-identical from-matarial and dasian it ic Nnat nacaccarv ta tact aach unit
Aot W rore oo o et S e e o S S o Tg T oot e oyt oot ScroH—ortT

-

Height (H)

Unit 1

Unit 2

Unit 3

A ANNANN

Bending moment (M,
II: (o

Figure B.1 — Bending moment — Multi-unit SVU

Testing.the complete SVU. the moment affecting the bottom flange is M, 5 = F x Hj.

The moment affecting the top flange of the bottom unit is M, = F x H,.

If one unit is tested separately (example for unit 3), the test force F, for the test of the bottom
flange of unit 3 is as follows:

F2><(H3—H2)=F><H3

FxH
— 3
F2

" (H3-H))

The test of the top flange of unit 3 shall be performed with the unit in reversed position. Test
force F5 for the test of the top flange of unit 3 is as follows:
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F3>< (HS_HZ):FXHZ

F><H2

Fa= (Hy —Hy)

B.2 Definition of mechanical loads

A
Porcelain and cast resin housings A Polymer (except cast resin) housings
Mgan value of breaking load >120 %
(MBL)
120 %——
Sqecified short-term load o -
(sbL) 100 %—— Specified short-term load 100 % -
(SSL)

Sgecified long-term load 40 %—— Specified long-termyload < o
(S|L) & (SLL) <100 %

0 1 o —t

IEC

Figure B.2 — Definition of mechanical loads

Figure B.2 shows the definition of mechanical loads.
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B.3 Definition of seal leak rate

LS LA

Figure B.3 — SVU unit

il )

P1

The $eal leak rate specifies the quantity of gas,per unit of time which passes the seals qf the
hous|ng at a pressure difference of at least 70 kPa. If the efficiency of the sealing system
depehds on the direction of the pressure\ gradient, the worst case shall be considered, as
shown in Figure B.3.

Ap,xV
Seal|eak rate = 221"
A

at |p,- p 70 kPa and at a temperature of +20 °C £ 15 K,

wherg

Apq F pe(ta) — p1(tq);
p4(t)| is the internal.gas pressure of the arrester housing as a function of time (Pa);

Do is the gas pressure exterior to the arrester (Pa);

1 is the\start time of the considered time interval (s);
ty is.the end time of the considered time interval (s);
At = b ="ty

r4 T

vV is the internal gas volume of the arrester (m3).
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B.4 Calculation of wind-bending-moment

Figure B.4 indicates dimensions of an SVU used for the calculation of wind-bending moment.

3
=3
[}
@

v
1

3

So T v T3

S

] =—= "\
>7

/
C

ANAWAN

vuvuvu

Vil

u

Figure B:4 — SVU dimensions

=
-
et

IEC

My, =P x H5d, x Cx H2+PxDxhx(H=1I)
P, /2) x V2
(dmax + dmin)/2
is the bending/moment caused by the wind (Nm);
is the height of the arrester (m);

is thelmean value of the insulator diameter (m);
is(the thickness of the grading/corona ring (m);

1S"the diameter of the grading/corona ring (m);

is the grading/corona ring distance to the top (m);

is the coefficient of drag for cylindrical parts; equal to 0,8;

is the dynamic pressure of the wind (N/m?2);

is the density of air at 1,013 bar and 0 °C; equal to 1,29 kg/m3;
is the wind velocity (m/s).
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Flow chart — Procedures of tests of bending moment for porcelain/cast
resin and polymer-housed SVUs

B.5

Figure B.5 shows procedures of tests of bending moment for porcelain/cast resin and

polymer-housed SVUs.

Porcelain-and cast-resin housed

Ral b o
rorymer-rRotsea

¢ SVU type i
8.9.2.2 8.9.2.3
Tedt of the bending Test of the _bending
moment moment
8.9.2.3.2

Sample preparation
(initial measurements)

Mechanical
strength
claimed

Un>52 kv

Mechanical
strength
claimed

Perform
tests on 3 or
6 samples

8.9.2.3.3.1 a) Step 1
1 000 cycle test with
SLL on 3 samples

y

A 4

89.2.2.3.1 8.9.2.2.3.2 / l
Test|to determine Test to verify SSL
MBL on 3 samples 8.9.2.3.3.1 b) Step 1.1 8.9.2.3.3.2 8.9.2.3.3.1 a) Step 2.1
on|3 samples A Verify SSL Mechanical/thermal Verify SSL
on 2 samples preconditioning on 2 sample
v v on 1 sample
8.9.2.2.3.1 J —
T ?tg.z-z.'?IZSSL Tes%etermine A v
estfto verify BL
on|3 samples Qne 3 samples 8.9.?.3.3.2 a) 8.9.2.3.3.2 a)
tested for SSL Terminal torque Terminal torque
preconditioning preconditioning
| | on 3 samples

\ 4

*

8.9.2.2.4
Test evaluation

8.9.2.3.3.2¢c)
Thermal preconditioning
-40 ‘Cto + 60 °C

8.9.2.3.3.2 b)

Thermomechanical preconditioning

-40 'Cto +60°C

Eir4-direction
A\ _ [ ) 4
v
8.9.2.3.3.3

) Can be done in either order

Water immersion test (boiling
in deionised water with 1 kg/m3

of NaCl for 42 h)

8.9.2.3.4
Test evaluation

IEC

Figure B.5 — Procedures of tests of bending moment for porcelain/cast resin
and polymer-housed SVUs
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CcA

Annex C
(normative)

Special service conditions

General

A list of possible special service conditions is given in Annex A of IEC 60099-4:2014, referred
to as abnormal service conditions in that Annex. A short guidance on the topics is given as

folloy

C.2

Low
Polyn
50 °@

IS
0

Temperature in excess of +40 °C or below —40 °C

emperature may give problems with the sealing for arresters with enclosed gas vol
her-housed arresters may be sensitive to very low temperatures clgse to and bel
. Polymer material may become brittle at such low temperatures. The manufacturer

be consulted before use at lower temperatures than given by the IEC’and verification
requégsted.
C.3 | Application at altitudes higher than 1 000 m

The
arcin

bxternal insulation strength decreases with altitudés. In particular this requires thag
g distance of the housing and the series gap distance must be considered regardin

decr¢ased insulation strength of the air. Guidance\is found in IEC 60071-2.

ume.
ow —
must
tests

t the
g the

f the

le to

C.4 | Fumes or vapours that may cause deterioration of insulating surface or
mounting hardware

For darticular fumes or vapours, consult the manufacturer.

C.5 | Excessive contamination by smoke, dirt, salt spray or other conductin
materials

Sevefe air pollution(such as salt spray smoke and dirt may affect the spark-over voltage ¢

gap.

C.6 | Excessive exposure to moisture, humidity, dripping water, or steam

The manufacturer shall be consulted. However, most polymer arresters should be ab

withstand if their performance has been verified in moisture and weather ageing tests as per

IEC 60099-4.

C.7 Live washing of arrester

The manufacturer should be consulted if live washing is requested.

C.8

Unusual transportation or storage

The manufacturer shall be consulted and in particular cases tests shall be performed to verify
an acceptable performance of the arrester.
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Non-vertical erection and suspended erection

2017

Non-vertical erections introduce a bending moment therefore this erection shall be checked
with and accepted by the manufacturer. Suspended erection may also result in a bending
moment if the connection is not made moment-free.

c.10

Wind speed > 34 m/s

The additional mechanical stress on the arrester shall be considered. The manufacturer shall
be consulted.

c.1

The

Earthquake

5tress on the arrester approximately can be estimated from standard seismic datg

arregter data on resonance frequency and damping and compared with mechanical withg

stang
the s

For
IEEE

C.12

ards for the arrester. The installation methods are important as pedestals may ma
fresses while e.g. flexible hanging will lower the stresses.

hore accurate information different seismic tests could be, applied. (See IEC 62271
693 or national standards such as from Japan, China or,/Chile).

Torsional loading of the arrester

The fnanufacturer shall be consulted.

and
stand

gnify

300,
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INTRODUCTION

La présente partie de I'lEC 60099 concerne les parafoudres de ligne avec éclateur extérieur
(EGLAMT).

Ce type de parafoudre est directement branché en paralléle & un ensemble isolateur. Il est
constitué d'un bloc de varistances en série (SVUZ2), réalisé a partir de résistances non
linéaires a oxyde métallique enrobées dans une enveloppe en polymeére ou en porcelaine et
d'un éclateur extérieur en série (voir la Figure 1).

Le les
surtejnsions provoquées par la foudre. Par conséquent, il convient que I'éclateur extérietr en
série| ne s’amorce qu'en présence de surtensions a front rapide. Il convient que)l'éclateur
suppprte toutes les surtensions a fréquence industrielle et a front lent apparaissant sjur le
réseau.

En chs de défaillance du SVU, il convient que I'éclateur extérieur en_sérié soit en mesure
d’isoler le SVU du réseau.

Console sur
pytone

Ensemble isolateur

_ N S \ (avec/sans
Bloc d_e varistances ! N V cornes de garde ou
en série ! u éléments de répartition)
1
1
1
1
, )
Eclateur extérieur \
en série Y g
H N
(sans |so!ateur . Conducteur
en paralléle) g

IEC

Figure 1 — Configuration d'un EGLA avec isolateur et corne de garde

1 EGLA = externally gapped line arrester.

2 8VU = series varistor unit.
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1

La présente partie de I'lEC 60099 concerne les parafoudres a oxyde métallique avec.écl
extérjeur en série (parafoudres de ligne avec éclateur extérieur) utilisés sur “les |
aériehnes de transmission et de distribution, uniquement pour protéger les" ensen
isolateurs contre les contournements provoqués par la foudre.

Le grésent document définit des parafoudres destinés a protégerOlf'ensemble isol
uniqgyement contre les surtensions provoquées par la foudre. Par conséquent, et sachan
les rgsistances a oxyde métallique ne sont pas connectées en pepmanence a la ligng
éléments suivants ne sont pas pris en compte dans le présent decument:

Compte tenu de la conception particuliére et du caractére unique de l'application aux |
aérighnes de transmission-"et” de distribution, certaines exigences et certains e
spécifiques ont été introdujtsy’tels que I'essai de vérification de la coordination entre la
de l'isolateur et le niveaundeé protection de I'EGLA, I'essai de coupure du courant de suit
essals d'efforts mécaniques, etc.

Les

2

pparafoudre;

PARAFOUDRES -

(EGLA) pour lignes aériennes de transmission et de distribution de
réseaux a courant alternatif de plus de 1 kV

Domaine d’application

4 tension d'amorgage au choc de manceuvre;

3 tension résiduelle au choc de courant a front raide et-au choc de courant de mance
4 stabilité thermique;

g tenue au choc de courant de longue durée en-fonctionnement;

4 caractéristique de tension a fréquence industrielle en fonction du temps,

¢s essais portant sur les dispositifs de déconnexion;

¢ fonctionnement et le vieillissement sous tension a fréquence industrielle.

Références normatives

Partie 8: Parafoudres a oxyde métallique avec éclateur extérieur en série

ateur
gnes
hbles

ateur
I que
, les

uvre;

d'un

gnes
5sais
nue
, les

conceptionstavec des EGLA a éclateur extérieur en série montés en paralléle sir un
isolateur ne sont™pas couvertes par le présent document.

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule [I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60060-1:2010, Technique des essais a haute tension — Partie 1: Définitions et exigences
générales

IEC 60060-2:2010, Techniques des essais a haute tension — Partie 2: Systemes de mesure

IEC 60068-2-11:1981, Essais fondamentaux climatiques et de robustesse mécanique -
Partie 2-11: Essais — Essai Ka: Brouillard salin
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IEC 60068-2-14:2009, Essais d'environnement — Partie 2-14: Essais — Essai N: Variation de
température

IEC 60099-4:2014, Parafoudres — Partie 4: Parafoudres a oxyde métallique sans éclateur
pour réseaux a courant alternatif

IEC 60270:2000, Techniques des essais a haute tension — Mesures des décharges partielles

IEC 60507:2013, Essais sous pollution artificielle des isolateurs haute tension en céramique
et en verre destinés aux réseaux a courant alternatif

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended-fofr use
in pdlluted conditions — Part 1: Definitions, information and general principles (disponible en
anglgis seulement)

IEC €2217:2012, Isolateurs polymériques a haute tension pour utilisation.a,l'intérieur lou a
I'extdrieur — Définitions générales, méthodes d'essai et criteres d'acceptation

ISO 4287, Spécification géométrique des produits (GPS) — Etat de surface: Méthode du profil
— Tefmes, définitions et parametres d'état de surface

ISO 4892-1, Plastiques — Méthodes d'exposition a des sourcgs lumineuses de laboratdire —
Partig 1: Lignes directrices générales

ISO 4892-2, Plastiques — Méthodes d'exposition a<des sources lumineuses de laboratdire —
Partige 2: Lampes a arc au xénon

ISO 4892-3, Plastiques — Méthodes d'exposition a des sources lumineuses de laboratdire —
Partie 3: Lampes fluorescentes UV

3 Termes et définitions
Pour|les besoins du présent, decument, les termes et définitions suivants s'appliquent.

L'ISQ et I'IEC tiennent a.jour des bases de données terminologiques destinées a étre utillsées
en ngrmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |$0 Online\disponible a I'adresse http://www.iso.org/obp

3.1
parafoudre de ligne avec éclateur extérieur en série
EGLA
parafoudre congu pour étre installé sur les lignes aériennes de manieére a protéger un
ensemble isolateur uniquement contre les surtensions a front rapide provoquées par la foudre

Note 1 a l'article: Cette protection est réalisée en élevant la valeur de la tension d'amorgcage de I'éclateur
extérieur en série a un niveau qui permet d'isoler le parafoudre des surtensions a fréquence industrielle et a front
lent les plus défavorables dues aux chocs de manceuvre et aux événements de défaut prévus sur la ligne a
laquelle elle est appliquée.

Note 2 a l'article: L’abréviation «EGLA» est dérivée du terme anglais développé correspondant «externally
gapped line arrester».
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3.2

bloc de varistances en série

Svu

piece comportant des résistances non linéaires a oxyde métallique, contenue dans une
enveloppe, et qui doit étre reliée a un éclateur extérieur en série pour réaliser le parafoudre
complet

Note 1 a I'article: Le bloc de varistances en série peut étre constitué de plusieurs éléments.

Note 2 a l'article: L’abréviation «SVU» est dérivée du terme anglais développé correspondant «series varistor
unit».

3.3
fractjon d'un EGLA
parti¢ complete d'un EGLA complet, correctement assemblée, nécessaire pour représenter le
comportement d'un EGLA complet lors d'un essai particulier

3.4
fractjon d'un SVU
parti¢ compléte d'un élément de SVU, correctement assemblée, nécessaire pour représgnter
le comportement d'un SVU lors d'un essai particulier

3.5
élément d'un SVU
parti¢ d'un SVU, entierement contenue dans une enveloppe, qui peut étre connectée en [série
et/ou| en parallele avec d'autres éléments d'un SVU<¢ pour réaliser, en association |avec
I'éclgteur extérieur en série, un EGLA ayant des~valeurs assignées de tension et/ou de
courant plus élevées

3.6
tensjon assignée d'un EGLA
Ur
valeyr maximale de la tension efficace a fréquence industrielle admissible pouvant| étre
applipuée de maniére permanente entre les bornes d'un EGLA et a laquelle il est prévy qu'il
fonctjonne correctement

Note 1 a l'article: La tension assignée est utilisée comme parameétre de référence pour la spécification des
caractéristiques de fonctionnement et de coupure du courant.

Note 4 a I'article: La te€nsion assignée d'un EGLA est comparable a Uc de tous les autres types de
parafdqudres MO.

3.7
tension de référence d'un SVU
Uref
valedr dé_créte divisée par V2 de la tension a fréquence industrielle qu’il convient d’appliquer

aux borhes du SVU pour que celui-ci soit parcouru par le courant de référence

Note 1 a l'article: La tension de référence d'un SVU a plusieurs éléments est la somme des tensions de référence
de chaque élément.

3.8

courant de référence d'un SVU

Iref

valeur de créte (la plus grande des deux polarités si le courant est dissymétrique) de la
composante résistive du courant a fréquence industrielle utilisée pour déterminer la tension
de référence d'un SVU

Note 1 a l'article: 1l convient que le courant de référence soit suffisamment élevé pour rendre négligeables les
effets des capacités parasites a la tension de référence mesurée des éléments de SVU. Il doit étre spécifié par le
fabricant.
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Note 2 a I'article: En fonction du courant nominal de décharge de I'EGLA, le courant de référence est typiquement
dans la plage de 0,05 mA a 1,0 mA par centimetre carré de surface d'une résistance a oxyde métallique pour les
SVU a colonne unique.

3.9

courant assigné de court-circuit d'un SVU
IS

valeur efficace du courant de court-circuit le plus élevé a laquelle le SVU ne subit pas une
défaillance telle qu’elle occasionne une rupture explosive de I'enveloppe et a laquelle

I'autoextinction de flammes nues (éventuelles) se produit dans un délai défini

3.10
tension résiduelle d'un EGLA Jn
valeyr de créte de la tension entre la longueur de borne a borne de I'EGLA, y. compris

I'écldteur en série et les connexions pendant le passage du courant de décharge

3.1
tension résiduelle d'un SVU
valeyr de créte de la tension entre les bornes d'un SVU pendant le passage du courant de
déchprge

3.12
couTnt de fuite a la surface d'un SVU
courant circulant a la surface du SVU

3.13
courpnt de suite
Ttolioy . o T N . . .
courant qui suit immédiatement un choc a travers un EGLA, avec la tension a fréquence
indugtrielle comme source

3.14
effort a long terme spécifié d'un SVU
SLL
forcel mécanique perpendiculairela I'axe longitudinal d’'un SVU qu'il est admis d'appliquer de
manigre permanente en service:sans provoquer de dommages mécaniques au SVU

Note 1 a l'article: L’abréviation «SLL» est dérivée du terme anglais développé correspondant «specified long-term
load».

3.15
effornt a court terme spécifié d'un SVU
SSL
forcel mécanique la plus élevée perpendiculaire a 'axe longitudinal d’'un SVU qu'il est gdmis
d'appliguen en service pendant de courtes périodes et en cas d'événements relativement
rareg (par exemple des efforts dus a des courants de court-circuit et a des vents tres éIeFvés)
sans provoquer de dommages mecaniques au SvU

Note 1 a l'article: L’abréviation «SSL» est dérivée du terme anglais développé correspondant «specified short-
term load».

3.16

effort moyen a la rupture d'un SVU

MBL

valeur moyenne de l'effort a la rupture de SVU a enveloppe en porcelaine ou en résine
moulée, déterminée sur la base d'essais

Note 1 a I'article: L’abréviation «MBL» est dérivée du terme anglais développé correspondant «mean breaking
load».
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3.17

choc de courant de grande amplitude

valeur de créte du courant de décharge de forme d'onde 4/10 ou 2/20 utilisée pour vérifier la
capacité de tenue du SVU a des cas de foudre extrémes

3.18

densité de dépot de sels

SDD

quantité de sels déposée sur une surface donnée de I'enveloppe d'un SVU, divisée par l'aire
de cette surface; généralement exprimée en mg/cm?

Note 1 a [l'article: L’abréviation «SDD» est dérivée du terme anglais développé correspondant «salt\ deposit
densitly».

3.19
essaj de vérification de la coordination entre la tenue de l'isolateur et"le' niveau de
protection de I'EGLA
essa| permettant de vérifier que I'EGLA aura un comportement d'amorgageé)correct et écrgtera
les spirtensions dues a la foudre a des valeurs bien inférieures a la tensioh de contournement
de I'gnsemble isolateur monté en parallele

3.20
essaj de tenue aux vibrations
essa| permettant de vérifier que le SVU et ses connectelirs® peuvent supporter les niveaux
spécifiés de vibrations mécaniques

3.21
déchlarge au choc de foudre
choc| de courant de demi-onde pratiquement_sihusoidal dont la durée est comprise entre
200 ys et 230 us, période au cours de laquelle la valeur instantanée du courant de choc est
comprise entre 5 % et 100 % de sa valeur de créte

3.22
carag¢téristiques assignées de transfert de charges répétitives
Ors
capafité de transfert de gharges spécifiée maximale d'un EGLA, sous la forme [d'un
événgment simple ou d'un. groupe de surtensions qui peut étre transmise par un EGLA |sans
provoquer de défaillance " mécanique ou de dégradation électrique inacceptable| des
résistances MO

Note 1 a l'article: ka\charge est calculée comme la valeur absolue du courant intégré dans le temps. Pdur les
besoins de la présente norme, il s’agit de la charge accumulée dans un événement simple ou d’'un groupe de
surtensions ne dufant pas plus de 2 s et qui peut étre suivie par un événement ultérieur a un intervalle de femps
pas plus court-que 60 s.

4 Identification et classification

4.1 Identification des EGLA

Un EGLA doit étre au moins défini au moyen des informations suivantes qui doivent figurer
sur une plaque signalétique fixée a demeure sur le parafoudre:

e latension assignée U,, en kV;

e la fréquence assignée en Hz, uniquement si elle est inférieure & 48 Hz ou supérieure a
62 Hz;

e les informations relatives a la série de classification (par exemple: «X1», «Y2»);
e le courant assigné de court-circuit /g, en KA;

e le nom du fabricant ou la marque de fabrique;
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e |'année de construction;

e Je

numéro de série (au moins pour les parafoudres de tension Ug > 52 kV);

e la capacité de décharge aux chocs de foudre (valeur de charge uniquement), en C; par
exemple: «0.4 C».

Les informations concernant I|'écartement exigé des éclateurs, y compris les tolérances
applicables, doivent étre fournies de maniére appropriée, par exemple dans le manuel.

4.2

Les [

Classification des EGLA

e et

de lejurs capacités de tenue aux chocs de courant de grande amplitude tels que définis [dans

le Tjableau 1; de méme, ils doivent au moins satisfaire aux exigences d'ess

carag

téristiques de fonctionnement spécifiées dans le Tableau 3. Ces parafoudres ne

i et
font

I'objgt d'aucun essai de fonctionnement aux surtensions a front lent et™a fréquence

indug

trielle.

Tableau 1 — Classification des EGLA — «Série X» et «Série Y»

Série X Série Y
Désignation de la classe X1 X2 X3 X4 Désignation de la classe Y1 Y2 Y3 Y4
Courant nominal de 5 5 10 20 Courant nominal de 5 10 15 20
dgcharge (kA), 8/20 décharge (KA); 2/20
Choc de courant de 40 65 100 | 100 Chocde ‘courant de 10 25 40 65
grapde amplitude (kA), grande amplitude (kA),
4/10 2/20

«Sér
proté

En f
spéc]

La «Série X» correspond a la classification de I'lEC 60099-4. Les normes IEC et IEEE utilisent un co
nominal de décharge de forme d'onde 8/20 et un choc de courant de grande amplitude de forme d'onde 4/1

le chioc de courant de grande amplitude se fonde,sur cette application particuliére.

e Y» correspond a la classification utiliséexau® Japon (par exemple) pour les applications de li
gées (blindées). La spécification d'une forme\d'onde 2/20 a la fois pour le courant nominal de déchar

nction des conditions de service, desyvaleurs de choc de courant de grande amplitude autres que ¢
fiées dans ce tableau peuvent étre appliquées.

irant
D. La
gnes
e et

elles

5 Caractéristiques assignées et conditions de service

5.1
Les
spéc
spéc

Tensions assignées normalisées

valeurs normalisées de tension assignée (valeurs efficaces) des parafoudres
fiees dans.le Tableau 2 en échelons de tension constants dans les plages de ten
fiees:

sont
5ions

Tableau 2 — Echelons de tension assignée (valeurs efficaces)

Plage de tensions assignées (kV) Echelons de tension assignée (kV)

3a30 1
> 30 a 54 3
> 54 a 96 6
> 96 a 288 12
> 288 a 396 18
> 396 24

NOTE Des valeurs de tension assignée autres que celles indiquées ci-dessus

peuvent étre admissibles a condition qu'elles soient des multiples de 6.
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5.2 Fréquences assignées normalisées

Les fréquences assignées normalisées vont de 48 Hz a 62 Hz.

5.3 Valeurs normalisées du courant nominal de décharge

Les valeurs normalisées du courant nominal de décharge pour des formes d'onde 8/20 ou
2/20 sont les suivantes: 5 kA, 10 kA, 15 kA et 20 kA.

5.4 Conditions de service

5.4.1

Les EGLA conformes au présent document doivent étre en mesure de fonctionnen danjs les
cond|tions normales de service suivantes:

a) température ambiante de I'air comprise entre —40 °C et +40 °C;
b) altitude ne dépassant pas 1 000 m;

c) fléquence de la source d'alimentation en courant alternatif comprisg entre 48 Hz et §2 Hz
aximum;

d) tension a fréquence industrielle appliquée de fagon continue entre les bornes de I'BEGLA
ne dépassant pas sa tension assignée;

e) cpnditions mécaniques: non spécifiées (voir NOTE);

f) v|tesse du vent: non spécifiée (voir NOTE);

g) cpnditions de pollution: il peut y avoir pollution”par la poussiére, la fumée, les| gaz
cprrosifs, les vapeurs ou le sel; cependant, elle ne dépasse pas le niveau de pollution
«fort» tel que défini dans I'lEC TS 60815-1.

NOTE| Il est admis que les questions mécaniqués et d'environnement sont déterminantes pour le sgrvice;

cepengdant, du fait de la grande variété de configurations d'installation possibles, il n'est pas possible de fournir
des vdleurs normalisées pour les points e) et f).

5.4.2 Conditions particuliéres.de service

Les parafoudres destinés a des.utilisations différentes ou soumis a des conditions de service
autrels que les conditions normales peuvent exiger une étude spéciale pour leur conceition,
leur fabrication ou leur wtilisation. L'utilisation du présent document en cas de conditions
parti¢ulieres de service fait I'objet d'un accord entre le fabricant et I'acheteur. Une liste des
condj|tions particulieres-de service existantes est fournie dans I’Annexe C.

6 Exigences

6.1 Tenue de I'isolation du SVU et de I'EGLA complet

6.1.1 Tenue de I'itsolation de I'enveloppe du SVU
L'enveloppe du SVU doit supporter une tension de choc de foudre de

a) pour la «Série X»: 1,4 fois la tension résiduelle au courant nominal de décharge

b) pour la «Série Y»: 1,13 fois la tension résiduelle au choc de courant de grande amplitude,
mais au moins 1,3 fois la tension résiduelle au courant nominal de décharge

NOTE Le facteur de 1,4 du cas a) tient compte des variations des conditions atmosphériques jusqu’a 1 000 m
d’altitude et de valeurs du courant de décharge jusqu'a trois fois égales au courant nominal de décharge.

6.1.2 Tenue de I’isolation de I'EGLA avec SVU en court-circuit (défectueux)

L'EGLA doit avoir les performances suivantes de tenue de l'isolation:
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a) I'EGLA doit supporter le niveau spécifié de tension de tenue au choc de manceuvre du
systéme méme si le SVU a été mis en court-circuit du fait d'une surcharge (défaillance);

b) I'EGLA doit étre en mesure de supporter les valeurs et durées maximales de surtensions
temporaires entre phase et terre méme si le SVU a été mis en court-circuit du fait d'une
surcharge (défaillance).

6.2 Tensions résiduelles

Le mesurage des tensions résiduelles a pour objet de connaitre les valeurs maximales de ces
tensions résiduelles pour une conception donnée et pour tous les courants et formes d'onde
spécifiés. Ces valeurs sont déduites du résultat des essais de type ainsi que de la valeur
spécijfiteetpubtige par e fabricantpour ta—tensiomr residuette maximate—sousteTourant de
choc|de foudre utilisé lors des essais individuels de série.

La tension résiduelle maximale d'une conception d'EGLA donnée, quels que soiént le cojrant
et lal| forme d'onde, est calculée en multipliant la tension résiduelle des fractions de |SVU
sounjises aux essais de type par un facteur d'échelle spécifique et en ajoutant une vpleur
calcylée de la chute de tension inductive aux bornes du SVU, de I'éclateuriet des connexions.
Le fgcteur d'échelle est égal au rapport entre la tension résiduelle maximale déclarée,|telle
que vérifiée pendant les essais individuels de série, et la tension résiduelle mesurée syr les
fractions pour le méme courant et la méme forme d'onde.

La VIIeur de la tension résiduelle de I'EGLA au courant nominal de décharge et au chac de
courgnt de grande amplitude, respectivement, multipliéepar un facteur comme indiqué en
6.1.1|, doit étre inférieure a la tension de contournement minimale de I'ensemble isolateur a
protéger.

6.3 | Fonctionnement aux chocs de courant«de grande amplitude

La cgpacité de décharge du SVU doit étre démontrée par I'injection de deux chocs de coprant
de grfande amplitude.

6.4 | Capacité de décharge aux chocs de foudre

La capacité des résistances a exyde métallique, y compris des éclateurs en série de 'EGLA,
a supporter des décharges/de*foudre ayant des formes d'onde de courant d'une duréde de
plusieurs dizaines de microsecondes pour des parafoudres utilisés sur des lignes avec ¢able
de garde et de plusieurs\centaines de microsecondes pour des parafoudres utilisés suf des
lignep sans cable de garde, doit étre démontrée. L'essai correspondant couvre également les

effet$ de coups de foudre multiples.

6.5 | Comportement du SVU aux courants de court-circuit

Le fabricant doit déclarer les caractéristiques assignées du SVU concernant la tenufe en
courftciccuit. Ces caractéristiques assignées de courant de court-circuit ne doivent| pas

hiaknunard PIRT-C TRTS awplaciv A C\/L] + Pt stimation AVA ot Sl oo flora e oo d t
oCCa TUTITITT UT TUPLUTT TAMIUSTVE UU OV U, TUTAULUTAUTIVUUTT U TVTETIIUTTICO 1T1arntiimito TTutT o OI

avoir lieu dans des délais définis.

L'éclateur ne fait pas l'objet d'essais de court-circuit sur le SVU et il est recommandé de
vérifier ses performances de tenue aux courts-circuits de maniere séparée. Il convient que
I'éclateur soit en mesure de conserver son intégrité mécanique aprés avoir été soumis au
courant assigné de court-circuit de I'EGLA et que sa tension d'amorgcage n'en soit pas
diminuée.

6.6 Performances mécaniques

Pour les EGLA qui doivent étre montés sur des pyldbnes ou des poteaux de transmission, les
performances mécaniques permettant de supporter les efforts de traction, de flexion et/ou les

charges de vibration dus a la pression du vent, les charges anormales de vibration des
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conducteurs lors des travaux d'installation et la pénétration d’humidité doivent étre
démontrées.

Les valeurs applicables d'efforts de traction et de flexion doivent étre convenues entre le
fabricant et 'acheteur.

Le SVU doit étre en mesure de supporter les charges de vibration a prévoir en service.

Il convient que I'EGLA complet, y compris I'ensemble éclateur et la structure de montage, soit
au moins en mesure de supporter les mémes contraintes mécaniques.

6.7 | Vieillissement climatique du SVU

Le S)VU doit étre en mesure de supporter les contraintes climatiques prévues emservicel Les
essals d’environnement démontrent par des procédures d’essai accéléré gue ‘le systéme
d’étapchéité et les interfaces métalliques exposées du SVU ne sont pasiaffectés par les
cond|tions climatiques. En outre, la résistance aux rayonnements ultraviolets doit| étre
démgntrée pour les SVU a enveloppe en polymére (composite et résinemoulée).

6.8 | Tension de référence du SVU

La tgnsion de reférence (U,) du SVU doit étre mesurée alr courant de référence suf des
fractions et des éléments quand cela est exigé. Ce mesurage doit étre effectué a| une
tempgrature ambiante de 20 °C + 15 K et la température réelle doit étre enregistrée.

NOTE| Le remplacement de la valeur de créte de la composante résistive du courant par la valeur instantarjée du
courapt au moment de la créte de tension peut donner une approximation acceptable.

6.9 | Décharges partielles internes

Le niveau des décharges partielles internes dans le SVU, lors des essais réalisés selon 9.1 et
10.3,| ne doit pas dépasser 10 pC.

6.10| Coordination entre la tenue-de I'isolateur et le niveau de protection de I'EGLA

La doordination correcte gntre, d'une part, les caractéristiques de contournement de
I'ensg¢mble isolateur, la tension d'amorcage de I'EGLA en présence de chocs de fqudre
normfaux et sur front d'onde et, d'autre part, la tension résiduelle de I'EGLA au coprant
nomiphal de décharge(ainsi que, pour les parafoudres de «Série Y», au choc de courapt de
grandgle amplitude, doit étre démontrée.

Tout[amorgage‘a la tension de choc de foudre doit avoir lieu dans I'éclateur extérieur en [série
de I'EGLA,sans entrainer un éventuel contournement de I'ensemble isolateur a protéger.

La vdleur de

e pour la «Série X»: 1,4 fois la tension résiduelle au courant nominal de décharge
conformément au Tableau 1 et a 8.3.3;

e pour la «Série Y»: 1,13 fois la tension résiduelle au choc de courant de grande amplitude,
mais au moins 1,3 fois la tension résiduelle au courant nominal de décharge,
conformément au Tableau 1 ainsi qu'a 8.3.3 et 8.3.4.

doit étre inférieure a Usg |sojateqr MOINS X fois I'écart type (Usg, solateur — X X ©) de I'ensemble
isolateur a protéger, ou o = 0,03 et X doit étre convenu entre le fabricant et I'utilisateur. Une
valeur de 2,5 est recommandée pour X.
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6.11 Coupure du courant de suite

La coupure du courant de suite par 'EGLA, dans des conditions d'humidité et de pollution,
doit étre démontrée par une procédure d'essai tenant compte de ces conditions de
fonctionnement. L'essai de coupure du courant de suite est obligatoire, soit comme essai de
type conformément a 8.8, soit comme essai de réception conformément a 10.6.

6.12 Compatibilité électromagnétique

Les parafoudres ne sont pas sensibles aux perturbations électromagnétiques et aucun essai
d'immunité n’est donc nécessaire.

Dang des conditions normales de fonctionnement, I'EGLA ne doit pas émettrJz de
perturbations significatives. L'EGLA complet doit faire I'objet d'un essai aux/-tensions
perturbatrices RF réalisé comme essai de réception (voir 10.4). Le niveauw’\maximal de
perturbations RF de I'EGLA, soumis a la tension maximale permanente phase=terre du r§seau
(Us/\3), ne doit pas dépasser 2 500 pV.

6.13| Fin de vie

A la flemande des utilisateurs, chaque fabricant doit fournir des ififormations suffisantes|pour
que [tous les composants du parafoudre puissent étre ,mis au rebut et/ou rec)clés
confgrmément aux réglements nationaux ou internationaux.

7 Conditions générales d’exécution des essais

7.1 | Appareillage de mesure et incertitude

L'appareillage de mesure doit étre conferme aux exigences de [I'I[EC 60060-2 et de
I'IEC|60099-4. L'incertitude des valeurs obtenues doit répondre aux exigences relativeg aux
essals.

Sauf|indication contraire, tous les'essais aux tensions a fréquence industrielle doiven{ étre
effecfués sous une tension altermative ayant une fréquence comprise entre 48 Hz et 62 Hz et
une forme d'onde pratiquementsinusoidale.

7.2 | Echantillons d’essai

Sauf| spécification contraire, pour chaque entité soumise a l'essai, la séquence comfplete
d'esdqais doit étre\effectuée sur le méme échantillon d'essai. Le nombre d'échantillons est
donng dans leFableau 3. Les échantillons d'essai doivent étre neufs, propres, entiéregment
assemblés et.disposés de maniére a simuler les conditions de service.

Lorsque/les essais portent sur des fractions ou des éléments, les conditions suivantes ddivent
étre rempties:

a) Le rapport entre la tension assignée de I'EGLA complet et la tension assignée de la
fraction ou de I'élément est appelé n.

b) Le volume des éléments de résistance utilisés comme échantillons d’essai ne doit pas
étre supérieur au volume minimal de tous les éléments de résistance utilisés dans I'EGLA
complet divisé par n.

c) Il convient que la tension de référence U, du SVU de la fraction d'essai soit égale a la
tension minimale de référence du SVU de I'EGLA, divisée par n. Si la tension de référence
du SVU de la fraction d'essai est supérieure a la tension minimale de référence du SVU
de I'EGLA complet, divisée par n, le facteur n doit étre réduit en conséquence. Si la
tension de référence du SVU de la fraction d'essai est inférieure a la tension minimale de
référence du SVU de I'EGLA complet, divisée par n, I'utilisation de la fraction d'essai n’est
pas autorisée.
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Le facteur n de I'échantillon d'essai doit étre consigné dans le rapport d'essai.

8

8.1

Essais de type

Généralités

— 85 —

Le Tableau 3 identifie les essais de type qui doivent étre réalisés sur I'EGLA complet ou sur
des composants de I'EGLA.

Tableau 3 — Essais de type (tous les essais a réaliser avec ou

sans I'ensemble I1solateur sur decision du tfabricant)
Nombre .
AP . . d'échan- Fraction Elément | Fraction| Numéro
Intitulé de I'essai tillons | EGLA | SEGLA | deSVU | deSVU | darticle
d'essai
Essdis de tenue de l'isolation
1.1 Hssai de tenue de I’enveloppe du 1 Essai 8.pR.2
$VvuU
1.2 Bssai de tenue de 'EGLA avec SVU 1 Essai 8.p.3
défectueux

2. Egsais de tensions résiduelles 3 Essai 8.3
3. Egsai d'amorgage au choc de foudre 1 Essai g.4

ndrmal @
4. Egsai de tenue aux chocs de courant 3 Essai 8.5
de grande amplitude
5. Egsai de vérification des 10 (20) Essai 8p.1

cafactéristiques assignées de transfert

de|charges répétitives, Q,, avec

dég¢harges de foudre:

RéFistances MO
6. Edsai de vérification des 1 Essai 8.6.2
cargctéristiques assignées de transfert
de dharges répétitives, Q,, avec
décharges de foudre:
Eclgteurs en série
7. Egsais de court-circuit 40ub5 Essai 8.7
8. Edsai de coupure du'courant de suite ?) 1 Essai® | Essai® 4.8
9. Edsai de flexion 3o0ub Essai 8.0.2
10. Bssai de-vibrations 9 1 Essai 8.9.3
11. Bssaisde vieillissement climatique 1 Essai 8110
12. LOOG; au tUIIO;UIIO PUItUIbatI;UUO Rr ‘I EOOG; 8.11

a)
b)
c)
d)
e)

f)

Cet essai est obligatoire s'il n'est pas réalisé comme un essai de réception conformément a 10.5.

Cet essai est obligatoire s'il n'est pas réalisé comme un essai de réception conformément a 10.6.

Cet essai est réalisé soit sur un EGLA complet soit sur une fraction d'EGLA; voir 8.8.2.

Cet essai est obligatoire s'il n'est pas réalisé comme un essai de réception conformément a 10.7.

L'essai de vibrations est réalisé sur un SVU complet, voir 8.9.3.1.

Cet essai est obligatoire s'il n'est pas réalisé comme un essai de réception conformément a 10.4-
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8.2 Essais de tenue de I'isolation de I'enveloppe du SVU et de I'EGLA avec SVU
défectueux

8.2.1 Généralités

Ces essais démontrent la tension de tenue aux chocs de foudre de I'enveloppe du SVU, dans
des conditions séches, ainsi que la tension de tenue de I'EGLA a la tension maximale de choc
de manceuvre prévue et aux surtensions a la fréquence industrielle dans le systéme sous la
pluie, en cas de défaillance et de court-circuit du SVU.

8.2.2 Essai de tenue de I'isolation de I’enveloppe du SVU

8.2.2(1 Généralités

Cet g¢ssai démontre la rigidité diélectrique de I'enveloppe extérieure du SVU yisca-vid des
tensipns de choc de foudre.

8.2.2.2 Procédure d’essai

L'enveloppe du SVU doit étre soumise a une tension de choc de-foudre normalisée en
cond|tion séche conformément a la procédure B de 7.3.1.2 de 'lEC®©0060-1:2010.

L’'esdqai doit étre effectué sur I'enveloppe du SVU, a la contrainte spécifique de tension par
unité| de longueur la plus élevée. Les résistances non lingaifes a oxyde métallique ddivent
étre fetirées ou remplacées par des éléments en matiére isolante.

Quinge chocs consécutifs a la valeur de la tension diessai doivent étre appliqués pour chlaque
polarjté.

Tenslion d’essai:

a) ppur la «Série X»: 1,4 fois la .tension résiduelle au courant nominal de décharge
cpnformément au Tableau 1 et a 8.3.3.

b) ppur la «Série Y»: 1,13 fois |la tension résiduelle au choc de courant de grande amplifude,
ais au moins 1,3 fois cla tension résiduelle au courant nominal de déchprge,
cpnformément au Tableau 1" ainsi qu’a 8.3.3 et 8.3.4.

Si la|distance de formation d’arcs sur bandes séches ou la somme des distances partiellgs de
formation d’arcs sur bandes séches est supérieure a la tension d’essai divisée par 500 KV/m,
cet epsai n’est pas éxigé.

Evalpation: L&.SVU doit étre déclaré avoir satisfait & I'essai si le nombre de décharges
disruptives_externes ne dépasse pas deux pour chaque série de 15 chocs.

8.2.3 Essais de tenue de I’isolation de I'EGLA avec SVU défectueux

8.2.3.1 Généralités

Un essai de tension de tenue aux chocs de manceuvre sous pluie et un essai de tension de
tenue a fréquence industrielle sous pluie doivent étre réalisés afin de simuler un SVU
défectueux. Ces essais ont pour but de démontrer qu'il n'y aura pas d'amorgage en cas de
surtensions de choc de manceuvre et a fréquence industrielle si, dans le scénario le plus
défavorable, le SVU est mis en court-circuit par une défaillance.

8.2.3.2 Essai de tension de tenue aux chocs de mancuvre sous pluie

Procédure d’essai

La procédure d'essai doit étre la suivante:
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Echantillon d'essai: EGLA avec SVU en court-circuit. La défaillance du SVU doit étre
simulée en mettant en court-circuit le SVU au moyen d'un fil métallique, tandis que I'état de
I'électrode doit étre spécifié par accord entre le fabricant et I'acheteur. La longueur minimale
de I'éclateur extérieur en série utilisé pour I'essai doit étre spécifiée par le fabricant.

Tension et conditions d'essai:

a) La valeur de la tension de tenue doit étre déclarée par le fabricant ou déterminée par
accord entre le fabricant et l'acheteur, en tenant compte du niveau maximal de la
surtension présumée de tenue aux chocs de manceuvre de la ligne. L’altitude de
I'installation et du laboratoire d’essai doit étre prise en considération lors de la
dgtermmimatiom destensionsdessar:

b) Lg tension de contournement a 50 % (Usg ggLa) €St mesurée par la méthode de maontee
et descente conformément a I'lEC 60060-1, pour chaque polarité de I'EGLA, |exSVU gtant
en court-circuit. La forme d'onde de la tension d'essai doit étre 250/2500.

c) Lles caractéristiques de pluie doivent étre conformes aux exigences de I'lE€ 60060-1.

Evalyiation: La tension de tenue de 'EGLA est déterminée par I'expression suivante:

Uto, EGLA = Uso, EcLA (1 -1,3 0),

calculée a partir de la tension de contournement a 50 % mesdrée et de I'écart type o qui est
par hypothése égal a 6 % (o = 0,06) pour la tension deitenue aux chocs de manceuvre.
L'EGLA est considéré comme ayant satisfait a I'essai sisa“valeur de tenue est supérieufe ou
égale a la valeur déclarée ou convenue.

NOTE| Pour la distribution normale prise pour hypothése dans le cas présent, la valeur de probabilité de 10 %
résult¢ de la valeur de probabilité de 50 % moins 1,3 fois I'écart type.

8.2.313 Essai de tension de tenue a fréquence industrielle sous pluie

La prlocédure d'essai doit étre la suivante”

Echdntillon d'essai: EGLA avec“SVU en court-circuit. La défaillance du SVU doit| étre
simulée en mettant le SVU en:gourt-circuit au moyen d'un fil métallique. La longueur minimale
de l'éclateur extérieur en sénie et les conditions des électrodes de I'éclateur doivent| étre
spécifiées par le fabricant ou étre convenues entre le fabricant et 'utilisateur.

Tenslion et conditions’d'essai:

a) Llessai dentension de tenue a fréquence industrielle sous pluie doit étre rdalisé
cpnformément a I'lEC 60060-1, le SVU de I'EGLA étant en court-circuit.

b) Lj tepsion d'essai doit étre de 1,2 fois la tension assignée de I'EGLA.

c) Lls<caractéristiques de pluie doivent étre conformes aux exigences de I'lEC 60060-1.

Evaluation: Le résultat est positif si I'échantillon d’EGLA supporte la tension d'essai pendant
une minute.

8.3 Essais de tensions résiduelles
8.3.1 Généralités

Cet essai démontre que les tensions résiduelles du SVU et de 'EGLA complet, soumis a des
chocs de foudre, sont conformes aux valeurs déclarées. Tous les essais de vérification de la
tension résiduelle doivent étre effectués sur les trois mémes fractions d'un SVU. Le temps
entre décharges doit étre suffisant pour permettre aux échantillons de revenir a une
température approximativement égale a la température ambiante. La tension résiduelle de
I'EGLA est calculée a partir de la tension résiduelle mesurée des fractions de SVU multipliée
par un facteur d'échelle et en ajoutant au résultat une valeur calculée de la chute de tension
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inductive aux bornes du SVU, de I'éclateur et des connexions. La tension résiduelle du SVU
est calculée a partir de la tension résiduelle mesurée des fractions de SVU multipliée par un
facteur d'échelle et en ajoutant au résultat une valeur calculée de la chute de tension
inductive aux bornes du SVU.

8.3.2 Procédure de correction et de calcul des tensions inductives

Dans le cas d'une forme d'onde 2/20 du courant, la procédure suivante doit étre utilisée pour
déterminer si une correction des effets inductifs est exigée. Un choc de courant comme décrit
ci-dessus doit étre appliqué a un bloc métallique de méme dimension que les échantillons de
résistances en essai. La valeur de créte et la forme d’onde apparaissant aux bornes du bloc
métafti i S i & Stattique  est
ure a 2 % de la tension de créte mesurée sur les échantillons de résistances,~aucune
corrglction inductive de la tension mesurée sur les résistances n’est exigée. Si lac/tensign de
créte| sur le bloc métallique est comprise entre 2 % et 20 % de la tension de créte megurée
sur lgs échantillons de résistances, alors la forme d’onde de la tension aux-bornes du| bloc
métallique doit étre soustraite de la forme d’onde des tensions mesurées(sur chacung des
résisfances, et les valeurs de créte des ondes ainsi obtenues doiventyétre enregisfrées
comme valeurs corrigées des tensions des résistances. Si la tensionde créte sur le|bloc
métallique est supérieure a 20 % de la tension de créte sur les échantillons de résistancgs, le
circult d’essai et le circuit de mesure de la tension doivent étre ameliorés.

NOTE| Une maniére possible de réaliser des formes d’onde de courant<dentiques lors de tous les mesyrages
considte a les appliquer en méme temps sur I’échantillon et sur le bloc métallique en série dans le circuit dlessai.
Seule|leur position relative nécessite d’étre inversée pour le mesuragede la chute de tension sur I’échantiljon ou
sur le bloc métallique.

L’onde impulsionnelle de tension aux bornes de I’é€hantillon (corrigée si nécessaire) ayant la
plus grande valeur de créte doit étre utilisée pour.déterminer la valeur de la tension résiduelle
au choc de courant du SVU et de I'EGLA compléet;‘respectivement, selon I'une des procédures
a) ou b) suivantes:

Procédure a)

1) Multiplier 'onde impulsionnellé)de tension aux bornes de I'échantillon par le facteur
‘échelle (voir 6.2).

2) partir de la forme d'onde’du choc de courant, déterminer le taux de variation du coprant
di/dz) sur 'ensemble de“I’'onde et le multiplier par 'inductance pour déterminer la ¢hute
e tension inductive:

u(t):L-ﬂ:Lﬂh.ﬂ
dt dt
u(t) estda’chute de tension inductive (en kV) en fonction du temps;

L] <,estlinductance par unité de longueur (en pH/m); L’ =1 uH/m;

Wil

h Ubt id iUIIyUUUI dU IUUIIIU & IUUIIIU (CII III) UIU SVU Uu dc i
I'éclateur en série et les connexions;

=0l A 1 H
EGtA—~comptet,—y—<compris

di/d¢ est le taux de variation du courant en fonction du temps (en kA/us).

3) Ajouter les résultats de 1) et 2) relatifs a la forme d’onde; la valeur de créte de I'onde
résultante doit étre prise comme étant la tension résiduelle réelle au choc de courant du
parafoudre.

Procédure b)

1) Multiplier la valeur de créte de la tension de choc aux bornes de I’échantillon par le
facteur d’échelle (voir 6.2).

2) Déterminer la chute de tension inductive aux bornes du parafoudre, en utilisant la formule
suivante:
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U_ estla valeur de créte de la chute de tension inductive (en kV);

L’ estlinductance par unité de longueur (en pH/m); L’ = 1;

h est la longueur de borne a borne (en m) du SVU ou de I'EGLA complet, y compris

I'éclateur en série et les connexions;

T;  estla durée du front du choc de courant (en ps); T; = 2;

I est I'amplitude réelle du courant de décharge (en kA).
3) jouter les résultats de 1) et 2); la valeur résultante doit étre prise comme étant la
ension résiduelle réelle au choc de courant du parafoudre.
8.3.3 Essai de la tension résiduelle aux chocs de courant de foudre

Chaqun des trois échantillons doit étre soumis a un choc de courant)de foudre aved
valeyrs de créte approximativement égales a 0,5, 1 et 2 fois le couranb nominal de déch
de I'EGLA. La forme d'onde du courant doit étre 8/20 pour les parafoudres de «Série
2/20 jpour les parafoudres de «Série Y», conformément au Tableau1.

des
arge
K» et

Pour|les chocs de courant, il n’existe aucune exigence concernant la durée conventionnelle

jusqy'a mi-valeur sur la queue, mais les tolérances de la‘durée conventionnelle du fron
chocg de courant doivent s’inscrire dans les limites suivantes:

a) ppur les chocs de courant de forme d'onde 2/20:*de 1,7 us a 2,3 us en ce qui concer
durée conventionnelle du front;
b) ur les chocs de courant de forme d'ende 8/20: de 7 us a 9 us en ce qui concer

P
durée conventionnelle du front.

 des

he la

he la

Pour|les parafoudres de «Série Y», la\tension résiduelle aux chocs de foudre est déterminée

selor] la procédure a) ou b) de 8.3:2. Pour les parafoudres de «Série X», il n'est nullg
nécepsaire de tenir compte de la,chute de tension inductive.

Les valeurs maximales des-tensions résiduelles déterminées doivent étre portées sur
courlpe donnant la tensioh, résiduelle en fonction du courant de décharge.

La valeur de

ment

une

4 fois la.tension résiduelle au courant nominal de décharge conformément au Tablg¢au 1

1
ppur lessmodeles de «Série X»,
1
p

pufles modeles de «Série Yy,

3 fais la tension résiduelle au courant nominal de décharge conformément au TabITau 1

doit étre inférieure a la tension minimale de contournement de I|'ensemble isolateur a

protéger. Voir également 10.5.3.

Si I'essai individuel d'un SVU complet ne peut étre effectué au courant nominal de décharge,
des essais complémentaires doivent étre effectués a une valeur de courant comprise entre

0,01 et 1 fois le courant nominal de décharge, pour comparaison avec le SVU complet.

8.3.4 Essai de la tension résiduelle aux chocs de courant de grande amplitude

Cet essai s'applique uniquement aux modéles de «Série Y». Il doit étre appliqué a chacun des
trois échantillons un choc de courant de grande amplitude de forme d'onde 2/20 et d'une

valeur de créte conforme au Tableau 1.
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Pour les chocs de courant, il n’existe aucune exigence concernant la durée conventionnelle
jusqu'a mi-valeur sur la queue, mais les tolérances de la durée conventionnelle du front des
chocs de courant doivent s’inscrire dans les limites suivantes:

de 1,7 us a 2,3 us en ce qui concerne la durée conventionnelle du front.

La tension résiduelle aux chocs de courant de grande amplitude est déterminée
conformément a la procédure a) ou b) de 8.3.2.

La valeur de 1,13 fois la tension résiduelle aux chocs de courant de grande amplitude doit
étre inférieure a la tension minimale de contournement de I'ensemble isolateur a protéger.

oL
U.J.V.

4
I

Voir ;gaiclllcllt

8.4 | Essai d'amorgage au choc de foudre normal

Il s'apit d'un essai de type obligatoire uniquement s'il n'est pas effectué d'essai~de réception
pour |chaque ensemble isolateur spécifique conformément a 10.5. Lorsqu'il ésfréalisé cdmme
essal de type, I'ensemble isolateur n'est pas inclus.

Cet gssai a pour objet de déterminer la tension d'amorcage a 50 %.de I'EGLA soumis 3 une
contrainte de tension de choc de foudre.

L'échantillon d'essai est constitué d'un EGLA a la distance, maximale entre éclateurs polr un
systgme désigné donné, sans I'ensemble isolateur.

La fdrme d'onde doit étre 1,2/50. La tension d'amercage a 50 % (Usg ggLa) de I'EGLA doit
étre Yérifiée conformément a la méthode de montée et descente de I'lEC 60060-1.

NOTE| 1 La marge de protection entre la tension d’amorcage de I'EGLA et la tension de contournemgnt de
I'ensenble isolateur a protéger, peut étre évaluée par Uy, g a Plus X fois I'écart type, (Us, gga + X -O) sans

dépasper Ugg |soiateur MOINS X fois I'écart type (Uggh|sojateur — X ') de I'ensemble isolateur & protéger, si cgla est

convepu entre le fabricant et l'utilisateur. X doit étre defini par accord entre le fabricant et l'utilisateur. L'écaft type
(o) es} établi a 3 % pour des formes d'onde 1,2/50.

NOTE|2 2,5 est une valeur type pour X.

NOTE|3 Au cours des essais, I'expérience a montré que la tension d’amorgage de 'EGLA peut étre affect¢e par
la proximité de I'ensemble isolateur-

8.5 | Essai de tenue-aux chocs de courant de grande amplitude
8.5.1 Choix des échantillons d’essai

L’'esdai doit étre effectué sur trois fractions d'un SVU. Les fractions doivent avoir une tepsion
résiduelle .au—courant nominal de décharge a I'extrémité la plus élevée de la plage de
variafion( déclarée par le fabricant. Pour satisfaire a ces spécifications, les conditions
suivgnies doivent étre remplies:

a) Le rapport entre la tension résiduelle au courant nominal de décharge du SVU complet et
la tension résiduelle au courant nominal de décharge de la fraction est défini par n. Le
volume des éléments de résistance utilisés comme échantillons d’essai ne doit pas étre
supérieur au volume minimal de tous les éléments de résistance utilisés dans le SVU
complet divisé par n.

b) Il convient que la tension de référence U, du SVU de la fraction d'essai soit égale a la
tension minimale de référence du SVU de I'EGLA, divisée par n. Si la tension de référence
du SVU de la fraction d'essai est supérieure a la tension minimale de référence du SVU
de I'EGLA complet, divisée par n, le facteur n doit étre réduit en conséquence. Si la
tension de référence du SVU de la fraction d'essai est inférieure a la tension minimale de
référence du SVU de I'EGLA complet, divisée par n, I'utilisation de la fraction d'essai n’est
pas autorisée.
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8.5.2 Procédure d’essai

Deux chocs de courant de grande amplitude de méme polarité, ayant des valeurs de créte et
des formes d'onde conformes au Tableau 1, doivent étre appliqués aux trois fractions.
L'intervalle de temps entre l'application des chocs doit permettre a I'échantillon de refroidir
jusqu'a la température ambiante.

Les tolérances de réglage du matériel doivent étre telles que les valeurs mesurées de chocs
de courant s'inscrivent dans les limites suivantes:

a)

8.5.3| Evaluation de_I'essai

a)

pour les chocs de courant de forme d'onde 2/20:

—| de 90 % a 110 % de la valeur de créte spécifiée;
—| de 1,7 us a 2,3 us en ce qui concerne la durée conventionnelle du front;

—| de 18 us a 22 us en ce qui concerne la durée conventionnelle jusqu'a mi-valeur gur la
queue;

—| la valeur de créte de toute onde de courant de polarité opposée doit'‘étre inférietire a
20 % de la valeur de créte du courant;

—| de légeéres oscillations sur le choc sont admissibles a condition’ que leur amplityde a
proximité de la créte du choc soit inférieure a 5 % de lajvaleur de créte. Dang ces
conditions, pour des besoins de mesure, une courbe maoyenne doit étre acceptée|pour
la détermination de la valeur de créte.

pour les chocs de courant de forme d'onde 4/10:
—| de 90 % a 110 % de la valeur de créte spécifiée;
—| de 3,5 pus a 4,5 us en ce qui concerne la durée conventionnelle du front;

—| de 9 us a 11 us en ce qui concerne la durée conventionnelle jusqu'a mi-valeur qur la
queue;

—| la valeur de créte de toute onde de courant de polarité opposée doit étre inférietire a
20 % de la valeur de créte du courant;

—| de Iégeéres oscillations sur le_choc sont admissibles a condition que leur amplityde a
proximité de la créte du choc soit inférieure @ 5 % de la valeur de créte. Dang ces
conditions, pour des besoins de mesure, une courbe moyenne doit étre acceptée|pour
la détermination de la~valeur de créte.

Lp tension de référence mesurée avant et aprés I'essai ne doit pas avoir varié de plys de
10 %.
T

oute variafion de la tension résiduelle au courant nominal de décharge mesurée avgnt et
prés I'essai doit s'inscrire dans une plage de (-2 % a + 5 %).

a
Llexamen visuel des échantillons aprés I'essai ne doit révéler aucune trace de perforation,
de.contournement et de fissure ou autre dommage significatif de I'échantillon d'essai. Si

| e a a— o)XY e—Meta gue—+HRe—petven e e > R-aH San & al pOur
effectuer un examen visuel, les essais supplémentaires suivants doivent étre réalisés afin
de s'assurer qu'aucun dommage n'a eu lieu au cours de l'essai. Aprés I'essai de tension
résiduelle (b), il doit étre appliqué a I'échantillon d'essai deux chocs au courant nominal
de décharge. Le premier doit étre appliqué a l'issue d'un délai suffisant permettant a
I'échantillon de refroidir jusqu’a température ambiante. Le deuxiéme est appliqué entre
50 s et 60 s aprés le premier. Pendant I'application des deux chocs, les oscillogrammes
de la tension et du courant ne doivent révéler aucun claquage et la différence de tension
résiduelle entre le mesurage initial avant I'essai et I'application du dernier des deux chocs
apres l'essai doit demeurer dans une plage comprise entre (- 2 % et + 5 %).
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8.6 Essai de vérification des caractéristiques assignées de transfert de charges
répétitives, Q,,, avec décharges de foudre

8.6.1 Résistances MO
8.6.1.1 Généralités

Cet essai a pour objet de vérifier les caractéristiques assignées de transfert de charges
répétitives, O, d’'un EGLA.

La capacité de transfert de charges répétitives est spécifiée par une contrainte de courant de
choc & eo—parles—reésistan dur—EG j j S—€

mécgnique ou électrique inacceptable. Une contrainte de courant de choc est-cgnsée
reprdsenter un transfert de charges pouvant se produire dans les conditions réelles|d’un
systdme.

Les garactéristiques assignées de transfert de charges répétitives sont liées a-une probgbilité
trés {aible de défaillance et ne sont par conséquent pas données par une‘valeur déterministe
mais|par une valeur statistique. L’essai est effectué sur des résistancesyMO séparées 3 une
valeyr de charge comprise entre 1,1 et 1,2 fois la valeur assignée¢hoisie dans la lisfe de
8.6.1[5. Cette approche part de [I’hypothése selon laquelles)les performances| des
résistances MO séparées peuvent également étre assignées a~un"EGLA complet fabriqué a
partil de ces résistances MO, selon les exigences d’essai et l‘approche statistique choisig.

La charge a été choisie pour faire I'objet d’essais afin’ d‘ebtenir une meilleure comparaison
entreg les différentes marques de résistances MO.

Pour|cet essai, la forme du choc de courant doit €tre approximativement sinusoidale. Lel| laps
de tgmps pendant lequel la valeur instantanée, du courant de choc est comprise entre 5|% et
100 % de sa valeur de créte doit étre compfis entre 200 us et 230 us. La valeur de créje de
toute| onde de courant de polarité opposéé doit étre inférieure a 5 % de la valeur de créte du
courant. La valeur de créte du courant’de chaque choc sur chaque échantillon d’essa| doit
étre comprise entre 90 % et 110 % de-la valeur de créte choisie.

Une yaleur O, tirée de la liste. de*8.6.1.5 doit étre assignée & un EGLA.

Une |premiére séquence, d'essai doit étre effectuée sur 10 échantillons de résistances MO
choidis conformément-a-8.6.1.2. Le résultat de I'essai complet est positif s’il n'y pas|plus
d’ung résistance MO-qui échoue a un essai. Si deux résistances MO échouent a un essai} une
deux|éme séquence-identique a la premiere doit étre effectuée sur dix échantillons. Le
résultat de l'essai complet doit alors étre positif en I'absence de défaillance d¢’une
résisfance MO\pendant cette deuxiéme séquence. Si plus de deux résistances MO échguent
au cours devla premiere séquence d'essai ou si une résistance MO quelconque échoye au
courg dellaydeuxiéme séquence d'essai, le résultat de I'essai complet est négatif.

8.6.1.2 Choix des échantillons d’essai

Les échantillons d’essai doivent comprendre des SVU complets, des fractions de SVU ou des
éléments de résistance a oxyde métallique n'ayant été soumis a aucun des essais
précédents, sauf dans la mesure nécessaire aux fins d'évaluation du présent essai.

Les échantillons qui doivent étre choisis pour I'essai de vérification des caractéristiques
assignées de transfert de charges répétitives doivent avoir une tension résiduelle au courant
nominal de décharge a l'extrémité la plus élevée de la plage de variation déclarée par le
fabricant. De plus, dans le cas de SVU a plusieurs colonnes, la valeur la plus élevée d'une
distribution inégale de courant doit étre prise en compte. Pour satisfaire a ces spécifications,
les conditions suivantes doivent étre remplies.

a) Le rapport entre la tension résiduelle au courant nominal de décharge du SVU complet et
la tension résiduelle au courant nominal de décharge de la fraction est défini par n. Le
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b)

volume des éléments de résistance utilisés comme échantillons d’essai ne doit pas étre

supérieur au volume minimal de tous les éléments de résistance utilisés dans le
complet divisé par n.

SVvuU

Il convient que la tension de référence U, du SVU de la fraction d'essai soit égale a la
tension minimale de référence du SVU de I'EGLA, divisée par n. Si la tension de référence

du SVU de la fraction d'essai est supérieure a la tension minimale de référence du SVU
de I'EGLA complet, divisée par n, le facteur n doit étre réduit en conséquence. Si la
tension de référence du SVU de la fraction d'essai est inférieure a la tension minimale de
référence du SVU de I'EGLA complet, divisée par n, I'utilisation de la fraction d'essai n’est
pas autorisée.

C) s échantillons doivent avoir la Inngnnnr maximale du fypn de résistances MO utilisé lors
de la conception, et doivent avoir une contrainte de tension résiduelle de 10 kA supérjeure
ol égale a 0,97 x (Uyq ka Par mm de longueur de résistance MO), .., o0 (U g papal mm
de longueur de résistance MO),,,,, est la contrainte de tension résiduelle de 40°%kA lg| plus
élevée spécifiée par le fabricant pour toute longueur du type de résistaneces MO (tilisé
dans le parafoudre. Si seuls des échantillons de contrainte de tension résiduelle de 10 kA
inférieure sont disponibles, la charge transférée exigée doit étre augmentée pour I'essai
ali moyen du facteur (U g (o Par mm de longueur de résistance MQ)yiax / (U4 ka PA[ mm
de longueur de résistance MO) ¢qe-

8.6.1.3 Procédure d’essai

La Figure 2 donne un apergu de la procédure d’essai.

Essdis initiaux
Essai de tension résiduelle au courant nominal de décharge
Essai de tension de référence au courant de référence spécifié
Appljcation de 1,1 fois Q¢
1"¢ séquence: 20 chocs par échantillon (10 échantillons)
s’il n’y a pas plus d’'une défaillance d’échantillon au cours de la 1™ séquence: résultat d’essai posit|f
s’il n’y a pas plus de deux défaillanc€s d’échantillons au cours de la 1 séquence: effectuer urle 2°
séquence avec 10 échantillons, 20 _chocs par échantillon
s’il y a plus de deux défaillances d’échantillons au cours de la 1™ séquence ou une défaillance
quelconque d’un échantillon @l-cours de la 2° séquence: résultat d’essai négatif
Evalfiation de I'essai: vérification
. de I'absence dexdommage mécanique par examen visuel
e de la variation)de la tension de référence de £ 5 %
e de la variation de la tension résiduelle de + 5 % au courant nominal de décharge
e de a capacité de tenue a un choc de courant de forme d’onde 8/20 d’une densité de couraft de
créte d’au moins 0,5 kA/cm? ou de 2 fois /, la valeur la plus faible étant retenue
IEC

Figure 2 — Procédure d’essai de vérification des caractéristiques assignées

de transfert de charges répétitives, 0,

Dix échantillons d’essai doivent étre soumis a I’essai au cours de la premiére séquence. En
fonction des résultats, il peut s’avérer nécessaire de soumettre a I'essai dix échantillons
supplémentaires lors d’'une deuxieéme séquence.

Les échantillons doivent satisfaire aux exigences de 8.6.1.2.

La procédure suivante doit étre suivie:

a) Chaque échantillon doit étre soumis a un essai de tension résiduelle au courant nominal
de décharge et a un essai de tension de référence au courant de référence spécifié avant

et aprés I'essai.
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b) Chaque échantillon doit étre soumis a vingt chocs de courant appliqués en dix groupes de
deux chocs, avec un intervalle entre les chocs de 50 s a 60 s et un intervalle entre les
groupes suffisant pour leur permettre de revenir a la température ambiante.

c) La forme d'onde et la durée des chocs de courant doivent étre telles que décrites en
8.6.1.

d) La charge de chaque choc doit étre au moins égale aux caractéristiques assignées de
transfert de charges répétitives déclarées (choisies a partir de la liste de 8.6.1.5)
multipliées par 1,1.

NOTE L’exigence relative a I'’essai a au moins 1,1 fois les valeurs assignées de charge est considérée comme
suffisante pour conclure que les performances des résistances MO séparées peuvent également étre assignées a

Dang les autres cas, le résultat de I'essai est considéré comme négatif et un niveau inférieur
de charge, O, tiré de la liste de 8.6.1.5, doit étre choisi, et I'essai doit étre répété popr ce
nivegu inférieur de charge selon la procédure de 8.6.1.3.

NOTE| Si une seule défaillance se produit au cours de la premiere,séquence et qu'elle a lieu dans le cas le plus
défavgrable dés la toute premiére application de choc, 180 chocs_sans défaillance auront été appliqués a lalfin de
la séquence, ce qui donne une probabilité maximale de défaillahce de 1/181 = 0,0056 ou de 0,56 % pour |essai
complet. Si deux défaillances se produisent au cours de la premiére séquence et qu'elles ont lieu a nouveay dans
le cas| le plus défavorable dés les premiéres applications sundeux des échantillons, 360 chocs sans défafllance
auron{ été appliqués a la fin des deux séquences, ce qui donne a nouveau une probabilité maximale de défaillance
de 2/362 = 0,0056 ou de 0,56 % pour I'essai complet.

Chadue échantillon séparé doit étre considéré comme ayant supporté la série compléfe de
chocs si tous les critéres suivants sont remplis:

a) iln’y a aucune trace de dommage mécanique (perforation, contournement, fissure);

b) tqute variation de la tension-de référence avant et aprés I'essai, mesurée a la méme
tgmpérature = 3 K, est dg"2'5 %;

c) tqute variation de lawtension résiduelle au courant nominal de décharge avant et gprées
‘essai est de + 5 %s;

d) upe application finale d’'un choc de courant de forme d’onde 8/20 us dont I'amplitude se
traduit par une.densité de courant d’au moins 0,5 kA/cm?2 ou de 2 fois I,,, la valeur lg plus
fgible étanfiretenue, est effectuée sans dommage mécanique.

NOTE| La jperforation de la métallisation n’est pas considérée comme un dommage mécanique si tous les putres
critérdgs de ‘réussite sont remplis.

8.6.1. i valeu i

Les valeurs suivantes, exprimées en C, sont normalisées comme valeurs assignées de
charge: 0,1; 0,2; 0,3; 0,4; 0,6; 0,8; 1; 1,2; 1,4; 1,6; 1,8; 2; 2,4; 2,8; 3,2; 3,6; 4.

Si des valeurs supérieures doivent étre spécifiées, ceci doit étre effectué par échelons de
0,4 C.

8.6.2 Eclateur en série
8.6.2.1 Généralités

Cet essai s’applique a I'éclateur en série pour parafoudres de ligne avec éclateur extérieur
(EGLA) avec un écartement entre les éclateurs de 20 cm ou moins.
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Cet essai a pour objet de vérifier la capacité de tenue aux charges répétitives de I'éclateur en
série lorsqu’il est soumis a des décharges au choc de foudre. L’essai doit étre effectué sur un
éclateur en série d’'une valeur de Q. supérieure ou égale a la valeur de Q¢ spécifiée pour les

rési

8.6.

stances MO du SVU.

2.2 Procédure d’essai

La Figure 3 donne un apergu de la procédure d’essai.

Essais préliminaires

e Détermination de la tension d’amorgage a 50 % de I’éclateur en série soumis a des contrainte

s de

I.UIIbiUII ae Crioc dc 10udre pour ies deux pUIdlil.b‘b. Ld UibldllbU uc cormourneriernt Ta pPius COurte p
conception doit étre utilisée. L’essai peut étre effectué sans ensemble isolateur. La tension d’amar|

? 59 ;/"4()U50, EGLA series gap) doit étre vérifiée par la méthode de montée et descente de I'lE€ 600
voir 8.4).

Pour I'application des décharges au choc de foudre, I’éclateur en série peut étre intégré en série
I'un des dix échantillons utilisés pour I’essai de 8.6.1 pour permettre de vérifier lés\caractéristi
assignées de transfert de charges répétitives, Q.. La distance de contournement de V'éclateur en
doit étre ajustée a au moins 10 mm pour obtenir un arc.

ur la
tage
60-1

avec
ques
Eérie

Appljcation de Q¢

20 chocs de décharges au choc de foudre

Posttessai

Répéter I'essai préliminaire pour déterminer la tension d’amorcage’a 50 % pour les deux polarités

8.6.

La tgnsion d’amorgage a 50 % pour chaque polarité au cours du post-essai ne doit pas

sub
prél

8.7

8.7.

Le fapricant doit déclarer\les caractéristiques assignées du SVU en termes de tenue en @
ult. Les SVU doivent étre soumis aux essais conformément au présent paragrarphe.
I

circ

L’'esdai doit étre réalisé de maniere a montrer qu’une défaillance du SVU ne donne pas

une

qua
sub

La fréequence de fratimentation du courant d essal de court-circuit doit etre comprise

(éve:lltuelles) s€ produit dans un délai défini. Chaque type de SVU est soumis a I'essai

Figure 3 — Procédure d’essai permettant'de vérifier la capacité
de tenue aux charges répétitives,de I’éclateur en série

2[3 Evaluation de I’essai

i de variation de plus de =+ 10 % par.rapport aux valeurs déterminées au cours de I’
iminaire.

Essais de court-circuit

1 Généralités

rupture explasive de I'’enveloppe du SVU et que l'autoextinction de flammes

te valeurs/de courants de court-circuit. Si le SVU est équipé d’un autre dispositif co

stitut @ oin limiteur de pression conventionnel, ce dispositif doit étre inclus dans I'essal.

IEC

avoir
Pssai

ourt-

eu a
nues
avec
mme

48 Hz et 62 Hz.

entre

En ce qui concerne les performances au courant de court-circuit, il est important de distinguer

deu

x conceptions de SVU:

Les SVU de «conception A» sont tels qu’un canal utilisé par le gaz suit toute la longueur
de I'élément de SVU et remplit > 50 % du volume interne non occupé par les parties

actives internes.
Les SVU de «conception B» sont solides et sans volume interne de gaz ou ont un vo

lume

de gaz interne remplissant < 50 % du volume interne non occupé par les parties actives

internes.
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NOTE 1 En regle générale, les SVU de «conception A» sont des SVU a enveloppe en porcelaine ou en polymére
avec un isolateur creux composite, équipés soit de limiteurs de pression soit de points faibles préfabriqués dans
I’enveloppe composite qui éclatent ou s’ouvrent a une pression spécifiée, ce qui fait baisser la pression interne.

En régle générale, les SVU de «conception B» ne sont pas équipés de limiteur de pression et sont solides sans
volume interne de gaz. Si les résistances connaissent une défaillance électrique, il se produit un arc a I'intérieur du
SVU. Cet arc provoque une évaporation importante et éventuellement la combustion de I'enveloppe et/ou du
matériau interne. Ces performances de tenue aux courts-circuits des SVU sont déterminées par leur capacité a
contréler I’éclatement ou le déchirement de I’enveloppe di aux effets de I'arc, évitant ainsi une rupture explosive.

NOTE 2 Dans ce contexte, les «parties actives» sont les résistances non linéaires a oxyde métallique et les
éventuelles entretoises métalliques directement connectées en série avec elles.

En fonction du type de SVU et de la tension d’essai, des exigences différentes s’appliquent
conct:nant le nombre d’échantillons d’essai, le début du passage du courant de courtidircuit
et I'amplitude de la premiére valeur de créte du courant de court-circuit. Le Tableau 4, donne
un résumé de ces exigences qui sont expliquées plus en détail dans les paragraphes
suivgnts.

8.7.2 Préparation des échantillons d’essai
8.7.211 Généralités

Pour|les essais a courant de forte amplitude, les échantillons d’e€ssai doivent étre consfitués
par 1lélément de SVU le plus long utilisé pour la conception aviec la tension assignée la| plus
élevde de cet élément utilisé pour chaque conception de SVU différente.

Pour| I’'essai a courant de faible amplitude, I’échantillon d’essai doit étre constitué par un
élément de SVU de toute longueur avec la tension~assignée la plus élevée de cet élément
utilisg pour chaque conception de SVU différente.

La Figure 4 représente différents exemples d’éléments de SVU.

Lorsqu’un fil fusible est exigé, le matériau de ce fil fusible et ses dimensions doivent étre
choigis de fagon a ce que le fil fonde.dans les 30 premiers degrés électriques aprés le ¢gébut
de I'gpplication du courant d’essai.

Pour[que le fil fusible fonde-dans les limites de temps spécifiées et qu’il crée une condition
appropriée a I'amorgage de ¥arc, il est généralement recommandé d’utiliser un fil fusible |avec
un matériau a faible résistance (par exemple cuivre, aluminium ou argent) d'un diameétre
d’enyiron 0,2 mm a 0/5\mm. Des sections de fil fusible plus importantes sont applicableg aux
élémpents de SVU préparés pour des courants d’essai de court-circuit plus élevés. Lorsqu’il y
a des difficultés_poeur amorcer I'arc, un fil fusible de dimensions plus importantes, mais|d’un
diamptre inférieur-a 1,5 mm, peut étre utilisé dans la mesure ou il contribue a I’établissement
de P’prc. Dans ‘de tels cas, un fil fusible spécialement préparé, ayant une section|plus
impoftantessur la plus grande partie de la hauteur du SVU avec une courte section plus mince
au mjlieu;-peut également aider.

8.7.2.2 SVU de «conception A»

Les échantillons doivent étre préparés avec des moyens pour conduire le courant de court-
circuit exigé en utilisant un fil fusible. Le fil fusible doit étre en contact direct avec les
résistances MO et il doit étre positionné a l'intérieur ou aussi prés que possible du canal
utilisé par le gaz et il doit court-circuiter la partie active interne compléte. L’emplacement réel
du fil fusible au cours de I'essai doit étre consigné dans le rapport d’essai.

Il n'est pas fait de différence entre les enveloppes en polymere et celles en porcelaine dans la
préparation des échantillons d’essai. Toutefois, des différences s’appliquent partiellement
dans la procédure d’essai (voir 8.7.4.3). Dans ce cas, les SVU de «conception A» avec des
ailettes polyméres qui ne sont pas en porcelaine ou avec d’autres isolateurs creux et qui sont
aussi fragiles que la céramique, doivent étre pris en compte et soumis aux essais comme des
SVU sous enveloppe en porcelaine.
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8.7.2.3 SVU de «Conception B»

8.7.2.3.1 Généralités

Les SVU de «conception B» avec des ailettes polyméres qui ne sont pas en porcelaine ou
avec d’autres structures de support mécanique et qui sont aussi fragiles que la céramique,

doivent étre pris en compte et soumis aux essais comme des SVU sous enveloppe en
porcelaine.

8.7.2.3.2 SVU a enveloppe en polymeére

surtension a fréquence industrielle. La surtension doit étre appliquée a des éléments d’essai
complétement assemblés. Aucune modification physique ne doit étre apportée aux e€léments
entre la prédégradation et I'essai au courant de court-circuit réel.

Il convient que la surtension donnée par le fabricant soit une tension supésieure a la tepsion
de re¢férence. Elle doit entrainer la défaillance du SVU en I'espace’“de (5 + 3) min| Les
résisfances sont considérées comme ayant subi une défaillance lorsque la tension qyi les
travefse tombe en dessous de 10 % de la tension appliquée au depart. Le courant de qourt-
circult du circuit d’essai de prédégradation ne doit pas étre supérieur a 30 A.

NOTE| La prédégradation peut étre obtenue en appliquant soitdune source de tension soit une source de cpurant

— Mgthode avec la source de tension: |l convient que le courant initial soit normalement compris entre 5 mA/cm?
ef 10 mA/cm?. Il convient que le courant de court-gitédit soit normalement compris entre 1 A et 30 A. La gource
d¢ tension n’a pas besoin d’étre ajustée apres son réglage initial, bien que de petits réglages puissent étre

— Mgthode avec la source de courant: Northalement, une densité de courant d’environ 15 mA/cm?2 avec une
vdriation de + 50 %, provoque une défaillance des résistances dans le délai imparti. Il convient que le cpurant
d¢ court-circuit soit normalement compfris entre 10 A et 30 A. La source de courant n’a pas besoin |d’étre
ajustée apres son réglage initial, -bien que de petits réglages puissent étre nécessaires pour dégrader les

rgsistances dans le délai imparti,

8.7.2.3.3 SVU a enveloppe en porcelaine

Les ¢chantillons dojvent étre préparés avec des moyens pour conduire le courant de dourt-
circult exigé en utilisant un fil fusible. Le fil fusible doit étre en contact direct aveg les
résisfances MO-efiil doit étre situé aussi loin que possible du canal utilisé par le gaz et il doit
courfrcircuiterla partie active interne complete. L’'emplacement réel du fil fusible au coufs de
I'essai doit_&tre consigné dans le rapport d’essai.

8.7.3 Montage de I’échantillon d’essai

Les éléments de SVU a soumettre aux essais peuvent étre soit montés directement sur une
embase conformément aux dispositifs représentés a la Figure 5a et a la Figure 5b, soit
suspendus conformément aux recommandations d'installation du fabricant. Le choix de
I'installation d'essai est a la discrétion du fabricant. En cas de montage suspendu, l'extrémité
inférieure du SVU doit étre a la méme hauteur que le bord supérieur de I'enveloppe circulaire.

Pour un SVU monté sur embase, le dispositif de montage est représenté a la Figure 5a et a la
Figure 5b. La distance entre le sol et la plate-forme isolante et les conducteurs doit étre
comme représentée a la Figure 5a et a la Figure 5b.

Pour les SVU qui ne sont pas montés sur embase (par exemple SVU montés sur poteau),
I’échantillon d’essai doit étre monté sur un poteau non métallique en utilisant des consoles de
montage et des dispositifs normalement utilisés pour leur installation en service. Pour les
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