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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
Test to verify the repetitive charge transfer rating, Qrs with lightning discharges to reflect
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
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evaluate the performance of the MO resistors, procedures for evaluating the performance
of the EGLA series gaps have been introduced.

b) 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.

c) Definitions for new terms have been added
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 grammar
and general flow of information.

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

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

Full infgrmation on the voting for the approval of this International Standard can be found in
the repgrt on voting indicated in the above table.

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

A list of|all parts of IEC 60098 series, under the general titfe Surge arresters, can be fpund on
the IEC [website.

The committee has decided that the contents of this.document will remain unchanged until the
stability|date indicated on the IEC website under2http://webstore.iec.ch" in the data rglated to
the spegific document. At this date, the document will be
e reconfirmed,

e withgdrawn,

e replaced by a revised edition, or

e amepded.

A bilinglial version ofithis publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it—eontains trs—whieh—s considered—to—be sefu he—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 to fast-front over-voltages. The gap should withstand all power-frequency and slow-front

over-vo

In the e
system.

taaes occurrinaon the svustem
9 g Y

vent of SVU failure, the external series gap should be able to isolate the SYU 1

Tower arm

j Insulator assembly
(insulator assembly,

with/without arcing horns
or grading elements)

1
Series varistor unit ——

|

!

!

1

1
1
\

External series gap _—%
(without an insulator N

) N Conductor
in parallel) ~

IEC

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

rom the
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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 paft of IEC 60099 covers metal-oxide surge arresters with external series gap (e

gapped

lines, only to protect insulator assemblies from lightning-caused flashovers.

This do

over-vol‘tages only. Therefore, and since metal-oxide resistors are not pesmanently co

to the li

e swit

e residual voltage at steep current and switching current impulse;

o thermal stability;

e long
e pow
e disc
e agin
Consid¢g
transmig

as the

level, thle follow current interrupting test, mechanical load tests, etc.

Designs
covered

2 Nol

The foll

line arresters (EGLA)) that are applied on overhead transmission and dis

ument defines surge arresters to protect the insulator assembly from lightning
e, the following items are not considered for this document:

ching impulse spark-over voltage;

tduration current impulse withstand duty;
pr-frequency voltage versus time characteristics of an arrester;
bnnector test;

g duties by power-frequency voltage.

ring the particular design concept and the special application on o
bsion and distribution lines, some unique requirements and tests are introducd
verification test for coordination between insulator withstand and EGLA pr

with the EGLA'sSexternal series gap installed in parallel to an insulator
by this document.

mative references

pwing)documents are referred to in the text in such a way that some or all

content

constitutes requirements of this document. For dated references, only the

ternally
ribution

rcaused
hnected

verhead
d, such
otective

are not

of their
edition

cited ap

plies. For undated references, the latest edition ot the referenced document (Ir

any amendments) applies.

1cluding

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

IEC 600

60-2:2010, 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

|EC 6224 72012 Dalvumaric LIN/ inciilatnre fayr indAany An oLtd
H2042—Polymerie—HVYinsulators—forindoor—and-outd
test methods and acceptance criteria

PaVaV BN BT YaY G
TOT—C0OT =

rad—definitions,

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

ISO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: (General
Guidande

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

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

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

ISO and IEC maintain terminological databases for use in standardization at the fpllowing
addressies:

o |EC [Electropedia: available at http://www.electropedia.org/
e |SO|Online browsing ‘platform: available at http://www.iso.org/obp

3.1
externallly gapped line arrester
EGLA
arrester| designed for installation on overhead 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.

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


http://www.electropedia.org/
http://www.iso.org/obp
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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 vpltage of an EGLA
Ul’
maximum permissible r.m.s. value of power-frequency voltage that can\ be [applied
continugusly between the EGLA terminals, and at which it is designed to operate“correlctly

Note 1 tolentry: The rated voltage is used as a reference parameter for the specification-of operating afd current
interrupting characteristics.

Note 2 tolentry: The rated voltage of an EGLA is comparable to Uc of all other types of MO-arresters.

3.7
referente voltage of an SVU
Uref

peak value of power-frequency voltage divided by V2, #hich should be applied to the| SVU to
obtain the reference current

Note 1 to|entry: The reference voltage of a multi-unit SVUdis the sum of the reference voltages of the |individual
units.

3.8
reference current of an SVU
Iref
peak vdlue (the higher peak value-of the two polarities if the current is asymmetrica|) of the
resistivg component of a powep-frequency current used to determine the reference vdltage of
the SVU

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

Note 2 to|entry: Depénding on the nominal discharge current of the EGLA, the reference current will b¢ typically
in the ranpe of 0,05 mA to 1,0 mA per square centimetre of metal-oxide resistor area for a single column $VU.

3.9
rated shotrt-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

3.11

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

Ttoliow ) . . . )

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

3.14

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

3.15
specified short-term load of an SVU
SSL
greates{ mechanical force perpendicular to the longitudinal axis,of*an SVU, allowegd to be
applied [during service for short periods and for relatively rare’events (for examplg, short-
circuit current loads and extreme wind gusts) without causinge.any mechanical damagge to the
Svu

3.16
mean bfreaking load of an SVU
MBL
averageg breaking load for porcelain or cast resinthoused SVUs determined from tests

3.17
high cufrrent impulse
peak vaJue of discharge current having.a 4/10 or 2/20 impulse shape, which is used toftest the
withstand capability of the SVU on extreme lightning occasions

3.18
salt deposit density
SDD
amount |of salt in the deposit on a given surface of the SVU housing, divided by the|area of
this surfiace; generally~expressed in mg/cm?

3.19
verification(test for coordination between insulator withstand and EGLA protectiye level
test useddo verify that the EGLA will exhibit correct sparkover operation and clamp the
OVGrVOltGyC cagsed b_y “ghtllilly uuncidclaIG:y tower—than—theflashovet vu:tayc 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

3.21

lightning impulse discharge

approximately sine half-wave current impulse having a time duration within 200 us 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|dentification and classification

4.1 EGLA identification

An EGLUA shall be identified by the following minimum information, which shall appgar on a
nameplate permanently attached to the arrester:

e rated voltage U, in kV;

o rated frequency in Hz, only if it is less than 48 Hz or larger than 62_Hz;
o classification series information (examples: "X1", "Y2");

e rated short-circuit current /g in kA;

e manpfacturer’s name or trade mark;

e year| of manufacture;

o serial number (at least for arresters for Ug > 52°kV);

o lighthing discharge capability (only charge wvalue) in C; example: "0.4 C".

Information on required gap spacing including tolerances shall be given in an appropriate
way, forfexample in the manual.

4.2 EIGLA classification

EGLAs |are classified by their~-nominal discharge currents and their high current [impulse
withstarld capabilities as per Table 1, and they shall meet at least the test requiremgnts and
performpance characteristics specified in Table 3. These arresters have no operating dpties for
slow-fropt surges and power-frequency over-voltages.

Table 1 — EGLA classification — “Series X” and “Series Y

Series X Series Y
glass/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), 2/20
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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5 Standard ratings and service conditions

5.1 Standard rated voltages

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 to 30 1
oU 10 o4 [}
> 54 to 96 6
> 96 to 288 12
> 288 to 396 18
> 396 24

NOTE

Dther values of rated voltage may be acceptable, provided they are multiples)of 6.

5.2 Sgtandard rated frequencies

The sta

hdard rated frequencies are 48 Hz to 62 Hz.

5.3 Standard nominal discharge currents

The sta
20 KA.

54 S
5.4.1

EGLAs
followin

ndard nominal discharge currents for 8/20 or 2/20 shapes are: 5 kA, 10 kA, 15

lervice conditions
Normal service conditiohs

which conform to this document shall be suitable for normal operation un
) normal service conditions:

a) amblient air temperature within the range of —40 °C to +40 °C;

b) altitlde not exceeding 1000 m;

c) freq
d) pow

Lency of-the a.c. power supply not less than 48 Hz and not more than 62 Hz;
er-frequency voltage applied continuously between the terminals of the E(

kA and

der the

5LA not

excegeding 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

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 T'\n factor—of 17/1 n—case n) coMate—ariatione—in. a}mnephnrin conditions ||p to—1_000m 2lt tUde and
discharge| 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 levgl of the
system even if the SVU has been shorted due to overloading (failure);

b) the EGLA shall be able to withstand the maximum temparary over-voltages phase to
ground for their maximum durations even if the SVU has been shorted due to ovefloading
(faildre).

6.2 esidual voltages

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

The makimum residual voltage of a given EGLA design for any current and wave ghape 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
connectjon leads. The scale factor is equal to the ratio of the declared maximum f[residual
voltage,[as checked during the routine tests, to the measured residual voltage of the gections
at the same current and wave shape.

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

6.3 igh,'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
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 applicable values of tensile and bending loads shall be agreed between the manufacturer
and the [purchaser.

The SVU shall be able to withstand the vibration load to be expected in service:

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

6.7 Weather aging of SVU

The SYU must be able to withstand the environmentak stress expected in |service.
Environmmental tests demonstrate by accelerated test procedures that the sealing meg¢hanism
and thg¢ exposed metal combinations of the SVU are- not impaired by enviropmental
conditions. For SVUs with polymer (composite and ¢ast resin) housings, resistanc¢ to UV
radiation has to be demonstrated in addition.

6.8 Reference voltage of the SVU

The refprence voltage (U,es) of the SVU->shall be measured at the reference cufrent on
sectiond and units when required. The\"measurement shall be performed at an pmbient
temperdture of 20 °C + 15 K, and the\dctual temperature shall be recorded.

NOTE Ap an acceptable approximationy the instantaneous value of the current at the instant of voltage|peak can
be taken {o correspond to the peak valug of the resistive component of current.

6.9

nternal partial discharges

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

6.10 Cloordination between insulator withstand and EGLA protective level

The cofrecl” coordination between flashover characteristics of the insulator assemply, the
spark-over voltage of the EGLA with front-of-wave and standard lightning impulises and the
residual voltage of the EGLA at nominal discharge current and, for “Series Y” arresters, at
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=04feda2a0ab9180661942b75f9e71bee

IEC 60099-8:2017 © IEC 2017 -17 -

must be lower than Usg |nsylator MiNUs X times the standard deviation, (Usg |nsulator = 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 or as an acceptance test according to 10.6.

6.12 Electromagnetic compatibility

Arrestens are not sensitive to electromagnetic disturbances, and therefore no immunity test is
necessgry.

In normal working operating conditions, the EGLA shall not emit significant disturpances.
A radio |interference voltage test (RIV) shall be applied as an acceptance-test to the complete
EGLA (see 10.4). The maximum radio interference level of the EGLA energized at the
maximum continuous phase to ground system voltage (US/\/3) shall.notexceed 2 500 yV.

6.13 E[nd 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 internatignal and
national| regulations.

7 General testing procedure

7.1 Measuring equipment and uncertainty

The megasuring equipment shall meet'the requirements of IEC 60060-2 and IEC 60099-4. The
values pbtained shall be accepted-as uncertainty for the purpose of compliance with the
relevant test clauses.

Unless |stated elsewhere,Sall 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

—

est samples

Unless ptherwise specified, for each test item, the complete test sequence shall be| carried
out on theévsame 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) The ratio between rated voltage of the complete EGLA to the rated voltage of the section
or unit is defined as n.

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 EGLA divided by .

c) 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.

Tablle 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 SvuU

Insulation withstand tests
1.1 Houging withstand test of SVU 1 Test 8.2.2
1.2 EGLA withstand test with failed SVU 1 Test 8.2.3
2. Residpal voltage tests 3 Test 8.3
3. Standprd lightning impulse sparkover test @) 1 Test 8.4
4. High ¢urrent impulse withstand test 3 Test 8.5
5. Test tp verify the repetitive charge transfer 10 (20) Test 8.6.1

ratingt Q , with lightning discharges:

MO rgsistors
6. Test tp verify the repetitive charge transfer 1 Test 8.6.2

ratingt Q , with lightning discharges

Serie$ gap
7. Short{circuit tests 4orb5 Test 8.7
8. Follow current interrupting test ©) 1 Test® | Test® 8.8
9. Bendipg test 3or6 Test 8.9.2
10. Vibration test ¢ 1 Test © 8.9.3
11. Weather aging test 1 Test 8.10
12. Radip interferencé voltage (RIV) test 1 Test 8.11
a) This test is mandatory 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.

C) ThIS lUDt ;D pUIfUIIIIUd U;thcl vl a bUIII'.):UlU I_\JLA vl a bU\lt;Ull Uf art EGLA, oCT 382
4 This test is mandatory if not performed as an acceptance test in accordance with 10.7.
e) 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.

Th_e test-shaltbe pcrfgrmcd en-the S‘V’U hc:_;si.".g with—the—highest-speeifie—reltage—stijess per
unit lenpgth. The non-linear metal-oxide resistors shall be removed or replaced by parts of
insulating material.

_|

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

Test vo|tage:

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

b) for "Series Y": 1,13 times the residual voltage at high,clrrent impulse, but not I¢ss than
1,3 fimes the residual voltage at nominal discharge current according to Table 1 aphd 8.3.3
and 8.3.4.

If the dny arcing distance or the sum of the partial‘dry arcing distances is larger than |the test
voltage 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 pxternal
disruptiye 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 switciring impulse wet withstand voltage test and a power-frequency wet withstand|voltage
test shall be performed-simulating a failed SVU. The purpose of these tests is to dempnstrate

that no spark-over undefr switching surge and power-frequency over-voltages will occlur if, 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.
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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

U1o, EGLA = Uso, EGLA (1 -1,3 0),

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 withgtand value is equal to or higher than the claimed or agreed value.

NOTE Fpr 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 tes{ procedure shall be as follows:

Test sample: EGLA with shorted SVU. The failed SVU shall be simulated by shorting the SVU
with aclnetal wire. The minimum external series gap lengthhand the conditions of the gap
electrodes shall be specified by the manufacturer or agreed upon between the manuyfacturer
and the|user.

Test voltage and test condition:

a) The|power-frequency wet withstand voltage test shall be performed in accordance with
IEC|60060-1 on the EGLA with the SVU-§horted.

b) Theltest voltage shall be 1,2 times the\rated voltage of the EGLA.

c) The| characteristic of the rain*shall be in accordance with the requiremgents of
IEC B0060-1.

Evalual1ion: The EGLA has passed the test if the sample withstands the test voliage for
one minjute.

8.3 Rlesidual voltage/tests
8.3.1 General

This tegst demonstrates that the residual voltages of the SVU and complete EGLA under
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 shall be
sufficient to allow the samples to return to approximately ambient temperature. The residual
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):

Proceddre a)

1) Mulfiply 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 inorder to dg¢termine
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;
L’ is the inductance per unit length in pH/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 connection leads;
di/d1 is the rate of change of currentwith time in kA/us.

3) Add|the results of 1) and 2) on axwave shape basis; the peak value of the resulting wave
shape shall be taken as the actual current impulse residual voltage of the arrester.

Proceddre b)

1) Mulfiply the peak value‘of the sample impulse voltage by the scale factor (see 6.2)
2) Detgrmine the inductive voltage drop between the arrester terminals using the fpllowing

formula:

U =L S =L"-h la

dt T,
where
U is the peak value of the inductive 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 ps; 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 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 makimum values of the determined residual voltages shall be drawn in a residual|voltage
versus discharge current curve.

The vallie of

e 1,4 times the residual voltage at the nominal discharge current according to Tahle 1 for
"Serjes X" designs,

e 1,3 ftimes the residual voltage at nominal discharge current_according to Table 1 for
"Serjes Y" designs,

shall be| lower than the minimum flashover voltage of the insulator assembly to be prptected.
See alsp 10.5.3.

If the roputine test cannot be carried out on a complete*SVU at nominal discharge currgnt, then
tests shall be carried out at a current in the range of 0,01 to 1 times the nominal discharge
current for comparison with the complete SVU:

8.3.4 High current impulse residual voltage test

This tesft applies to "Series Y" designs-only. One high current impulse of the wave shgpe 2/20
and a pg¢ak value according to Table 1 shall be applied to each of the three samples.

For the |current impulses, there is no requirement for virtual time to half value on the| tail but
tolerancges on the virtual front time of the current impulses shall be within the following|limits:

from 1,7 us ta.2y3 us for virtual front time;

The high current.impulse residual voltage is determined as per procedure a) or b) in 8.3.2.

The valpe<of 1,13 times the high current impulse residual voltage shall be lower than the
minimu Tlasnover voltage o1 Ine msutator dSSEMDIY 10 be protecied. Ssee adlso 1U.0.5.

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 Uso, EGLA plus X times the standard deviation, (Uso, gcLa T
X-o) 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 Highrturrentimputsewithstamd-test

8.5.1 Selection of test samples

The test shall be performed on three sections of an SVU. The sections shallthave a fresidual
voltage [at nominal discharge current at the highest end of the variation range declared by the
manufagturer. 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 compl¢te SVU
and|the residual voltage at nominal discharge current of the setction is defined by »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 SVU divided by .

b) The|reference voltage U, of the SVU of the test section should be equal to the minimum
refeftence 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 SVU of the cpmplete
EGLAA divided by r, the factor n shall be reduced correspondingly. If the reference|voltage
of tHe SVU of the test section is less thantiie minimum reference voltage of SVU of the
complete EGLA divided by n, 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 ag¢cording
to Tablge 1, shall be applied to(the three sections. Time interval between the [impulse
applicatjons shall allow the sampje to cool to ambient temperature.

The toldrances on the adjustment of the equipment shall be such that the measured values of
the currgnt impulses aré within the following limits:

a) for 4/20 currept impulses:
— ffom 90.%.to 110 % of the specified peak value;

— from1,7 ps to 2,3 us for virtual front time;

— fkom 18 ps to 22 us for virtual fime 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
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 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;
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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 %).

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

resr<tors cannot be removed from the test samples for vrsual exammatron the\f IIowmg
additional tests shall be performed to ensure that no damage occurred during the test.
After the residual voltage test (b), two impulses at nominal discharge currént shall be
appljed to the test sample. The first impulse shall be applied after sufficient time o allow
cool|ng of the sample to ambient temperature. The second impulse is-applied 50 § to 60 s
aften the first one. During the two impulses, the oscillograms of bothyvoltage and| current
shal| not reveal any breakdown, and the difference of the residual voltage betwgeen the
initigl measurement before the test and the last of the two impulses after the test ghall not
excqged a range of (-2 % to + 5 %).

8.6 Test to verify the repetitive charge transfer rating, @); with lightning discharges
8.6.1 MO resistors
8.6.1.1 General

The purpose of this test is to verify the repetitivé charge transfer rating, 0., of an EGLA.

Repetitive charge transfer capability is spécified as an impulse current stress that|can be
withstoqd by the MO resistors of an EGLA twenty times without mechanical or unacgeptable
electrical damage. One impulse current stress is considered to represent a charge [transfer
event that may occur under real systém conditions.

The repetitive charge transfer rating is related to a certain very low failure probability and is
thus not a deterministic.hut a statistical value. The test is performed on individual MO
resistorg at a charge value in the range 1,1 to 1,2 times the rated value selected fron] the list
in 8.6.1]5. By this approach it is assumed that the performance of the individual MO resistors
can alsp be assigned to a full EGLA built from these MO resistors, based on the test
requirements and\the chosen statistical approach.

Charge |has\.been chosen as a test basis for the purpose of better comparison between
differen{ 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) The
and
volu
mini

b) The
refe

the residual voltage at nominal discharge current of the section is defined’b
me of the resistor elements used as test samples shall not be greater t
mum volume of all resistor elements used in the complete SVU divided by 7.

ence voltage of the SVU of the EGLA divided by x. If the reference\voltage of {h

ratio between the residual vnlfngp at nominal diqr‘hnrgp current of the complete SVU

n. The

nan the

reference voltage U, of the SVU of the test section should be equalto the minimum

e SVU

of the test section is greater than the minimum reference voltage of\SVU of the cpmplete

EGL

com

c) The
and
MO

blete EGLA divided by n, the test section is not allowed tolbe used.

shall have a 10-kA residual voltage stress of notléss than 0,97 x (U, «a PEF

A 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 SVU

of the

samples shall be of the longest length of the type of MO resistors used in the|design,

mm of

resistor length) oy, Where (U;q (o Per mm of MQ*resistor length),, . is the highest 10-
kA residual voltage stress specified by the manufacturer for any length of the type

of MO

resistors used in the arrester. If only samplestofrlower 10-kA residual voltage stress are

avai

(Uq1d ka per mm of MO resistor length) 5 /(U4 g ka Per mm of MO resistor length),4

8.6.1.3

Figure 4 gives an overview of the testkprocedure.

able, the required transferred charge shall be increased for the test by the

Test procedure

factor

tual-

Initial te

—_~

LS

Residual voltage test at nominal discharge current

Reference voltage testiat 'specified reference current

Applicat

on of 1,1 times QO
18t sequence:.20\impulses per sample (10 samples)

if not more-tdan one sample failure during 13! sequence: test passed

impulses per sample

if\ofe than two sample failures in 15! sequence or any sample failure in 2" sequence: test failed

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

Test evaluation: check for

. no mechanical damage at visual inspection
. change of reference voltage within +5 %

. 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

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

IEC

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:

a) Each sample shall be subjected to a residual voltage test at nominal discharge current
and a reference voltage test at specified reference current before and after the test.

b) 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.

c) The

wave shape and duration of the current impulses shall be as 8.6.1.

d) The charge content of each impulse shall be at least equal to the claimed repetitive
charge transfer rating (selected from the list given in 8.6.1.5) multiplied by 1,1.

NOTE T
confidenc]
from this

8.6.1.4
The full

a) not
b) not

Otherwi
in 8.6.1

he requirement of testing at least 1,1 times the rated charge values is _considered to give

sufficient

e that the performance of the individual MO resistors can also be assigned to complete arre
ype of MO resistors.

Test evaluation
test shall be considered passed if either.

more than one sample failed during the first sequence, or

more than two samples failed during two sequences.

5e, the test is considered as failed and a lower charge. level, O, from the lis
5 shall be selected, and the test shall be repeated for-this lower charge level f

the prodedure 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

impulse dpplication, 180 impulses without failure will have been applied at the end, giving a failure pro

max. 1/1
happens,
will have
0,56 % fo

Each in

again as a worst case, at the very first applications on two of the samples, 360 impulses with
been applied at the end of both sequences,.giving again a failure probability of max. 2/362 =
[ the complete test.

if all thel following criteria are met:

a) ther
b) any

b is no indication of meChanical damage (puncture, flashover or cracking);

temperature = 3 K, is(within £5 %;

c) any
is wi

change of the residual voltage at nominal discharge current before and after
[thin +5 %;

d) a final application of a current impulse 8/20 us of an amplitude resulting in a
dengity of<at least 0,5 kA/cm2 or in 2 times I,,, whichever is lower, is passed

mec

hanical damage.

ters built

t shown
bllowing

very first
bability of

1=0,0056 or 0,56 % for the complete test. If two failures occur during the first sequenceg and this

ut failure
0,0056 or

Jividual sample shall be considered to have withstood the complete series of impulses

change of the reference voltage before and after the test, measured at thHe same

the test

current
without

NOTE Puncture of the metallization is not considered a mechanical damage if all other pass criteria are met.

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
8.6.2.1

Series gap

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

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 (Ug ) shall be

e . 0, 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 seriés with one
of the ten test samples of test used in 8.6.1 to verify the repetitive charge transfer rating,” p . The
flashover distance of the series gap shall be adjusted to at least 10 mm to get an arc.

Applicat

onof O
20 impulses of lightning impulse discharges

Post-tes|

t
Repeat of pre-test to determine the 50 % spark-over voltage for both polarities

8.6.2.3

The 50
values ¢

8.7 S
8.7.1

The m4
accorda
failure d
of open
four val
substitu

IEC

Figure 3 — Test procedure to verify the-repetitive charge withstand
of the series'gap

Test evaluation

% spark-over voltage for each palarity in the post-test shall not have changed from the
etermined in the pre-test by more than £10 %.

hort-circuit tests

General

nufacturer shall ~elaim a short-circuit rating of the SVU. SVUs shall be tgsted in
nce with thisysub clause. The test shall be performed in order to show that an SVU
oes not result in a violent shattering of the SVU housing, and that self-extinguishing
flames ((if*any) occurs within a defined period of time. Each SVU type is tesfed with
Lhes ofeshort-circuit currents. If the SVU is equipped with some other arrangemgnt as a
fe for a conventional pressure relief device, this arrangement shall be includegd in the

test.

The frequency of 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.
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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.

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
8.7.21 General

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

For the |low-current test, the test sample shall be an SVU unit of anylength with the|highest
rated vqdltage of that unit used for each different SVU design.

Figure 4 shows different examples of SVU units.

In casel|a fuse wire is required, the fuse wire material-and size shall be selected so [that the
wire will melt within the first 30 electrical degrees after initiation of the test current.

In orden] to have melting of the fuse wire within.the specified time limit and create a |suitable
conditionh for arc ignition, it is generally recommended that a fuse wire of a low resistance
material (for example copper, aluminium or:silver) with a diameter of about 0,2 mm to[0,5 mm
be used. Higher fuse-wire cross-sections~are applicable to surge SVU units prepared for
higher ghort-circuit test currents. Whenthere are problems in initiating the arc, a fusg wire of
larger slize but with a diameter not exceeding 1,5 mm, may be used since it will help arc
establishment . In such cases, a.Specially prepared fuse wire, having a larger crosstsection
along mjost of the SVU height with>a short thinner section in the middle, may also help|

8.7.2.2 "Design A" SVUs

The samples shall be prepared with means for conducting the required short-circuit| current
using a| fuse wire;) " The fuse wire shall be in direct contact with the MO resistors|and be
positioned withimyor as close as possible to, the gas channel and shall short-circuit tHe entire
internaljactive-part. The actual location of the fuse wire in the test shall be reported in|the test
report.

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 made of
porcelain or other hollow insulators, and which are as brittle as ceramics, shall be considered
and tested 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.
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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.

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 timg between pre-tfailure and the rated short-circuil current iest shall not exceed, 1p min.

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

—  Voltape source method: the initial current should typically be in the range 5 to 10 mA/cm<. The sHort-circuit
currept should typically be between 1 A and 30 A. The voltage source need not be adjdsted after [the initial
setting, although small adjustments might be necessary in order to fail the resistors in.the” given time fange.

—  Currgnt source method: Typically a current density of around 15 mA/cm? with a.vatiation of + 50 %, |will result
in failure of the resistors in the given time range. The short-circuit current should typically be between 10 A
and 30 A. The current source need not be adjusted after the initial setting, @@lthough small adjustmgnts might
be ngcessary in order to fail the resistors in the given time range.

8.7.2.3.8 Porcelain-housed SVUs

The samples shall be prepared with means for conducting the required short-circuit| current
using a| fuse wire. The fuse wire shall be in direct contact with the MO resistors|and be
located jas far away as possible from the gas channeland shall short-circuit the entirefinternal
active pprt. The actual location of the fuse wire inzthe 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
accordance with the installation. recommendations of the manufacturer. The choice of test
installatjon is up to the manufacturer. In case of suspended mounting, the bottom end of the
SVU shall be at the same level as the upper edge of the circular enclosure.

For a bpse-mounted SVU{ the mounting arrangement is shown in Figure 5a and Figure 5b.
The distance to theyground from the insulating platform and the conductors shall be as
indicatefd in Figuren5a and Figure 5b.

For non-base=mounted SVUs (for example, pole-mounted SVUs), the test sample shall be
mountef oh“a non-metallic pole using mounting brackets and hardware typically used|for real
service nstallation. For the purpose of the test, the mounting bracket shall be considefed as a
part of the SVU base. In cases where the foregoing is at variance with the manufacturer's
instructions, the SVU shall be mounted in accordance with the installation recommendations
of the manufacturer. The entire lead between the base and the current sensor shall be
insulated for at least 1 000 V. The top end of the test sample shall be fitted with the base
assembly of the same design of an SVU or with the top cap.

For base-mounted 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
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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=1,2><(2><H+stu)

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 nrr‘nrding to Fignrp 5h

Test sgmples shall be mounted vertically unless agreed upon otherwise (Gbetwg¢en the
manufagturer and the purchaser.

The molinting of the SVU during the short-circuit test and, more specifically,”the routing of the
conductprs 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 t¢st before
venting ofcurs (especially in the case of a SVU fitted with a pressure relief,d€vice). Positioning the dample 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 njay cause
excessive chipping and shattering of porcelain weather sheds, as compared to the other possible orientations of
the ventirlg ports. However, during the remaining arcing time, this~touting forces the arc to move away| from the
SVU, and|thus reduces the risk of the SVU catching fire. Both the initial phase of the test as well as theg part with
risk of cafching fire are important, especially for SVUs where the‘external part of the housing is made of jpolymeric
material.

For all golymer-housed SVUs, the ground conductor shall be directed to the opposite direction
as the ihcoming conductor, as described intFigure 5b. In this way, the arc will stay plose to
the SVU during the entire duration ofsthe short-circuit current, thus creating the most
unfavourable conditions with regards to-.the fire hazard.

In the eyent that physical space limitations of the laboratory do not permit an enclosure of the
specified size, the manufacturer may choose to use an enclosure of lesser diameter.

8.7.4 High-current short-circuit tests
8.7.41 General

Three samples shall be tested at currents based on selection of a rated short-circuit| current
selected from<FEable 5. All three samples shall be prepared according to 8.7.2 and mounted
according t0.8.7.3.

Tests 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 expected
that tests on high-voltage SVUs will have to be made at laboratories which might not have the
sufficient short-circuit power capability to carry out these tests at 77 % or more of the test
sample rated voltage. Accordingly, an alternative procedure for making the high-current,
short-circuit tests at a reduced voltage is given in 8.7.4.3. The measured total duration of test
current 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.
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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
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 “Degign B” SVUs tested at rated short-circuit current, the peak value of the first haIIf- cycle
of the pfospective 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 accorfdance with|Table 5
and the[peak value of the first half-cycle of the prospective current shalkbe at least y2 times
the r.m.g. value of this current.

The sol{d shorting link shall be removed after checking the praspective current and the SVU
sample(fs) shall be tested with the same circuit parameters.

NOTE The resistance of the restricted arc inside the SVU may reddce) the r.m.s. symmetrical component and the
peak valde of the measured current. This does not invalidate the‘test, since the test is being made with at least
normal sgrvice voltage and the effect on the test current is the.same as would be experienced during|a fault in
service.

The X/R ratio of the test circuit impedance, without the SVU connected, should prefefably be
at least| 15. In cases where the test circuit\impedance X/R ratio is less than 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 current s equal
to, or greater than, 2,5 times the required test current level. For the reduced currgnt level
tests, thie 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
sampleg, the test circuit/parameters shall be adjusted in such a way that the r.m.s. yalue of
the symmetrical component of the actual SVU test current shall equal or exceed the fequired
test curfent levelof8.7.4.

For “Depign(A™ SVUs tested at the rated short-circuit current, the peak value of the first half-
cycle of «fthe actual SVU test current shall be at least 2,5 times the r.m.s. valug of the
symmetricat—component of the actuat—SVYUtest—current— T he fottowing 1-m.5. vatue of the
symmetrical component shall be equal to the rated short-circuit current or higher. The peak
value of the actual SVU test 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 actual SVU test current
may be higher.

The following exception for the test at rated short-circuit current is valid for “Design A”
polymer-housed SVUs only (see 8.7.2.2 for the definition of polymer- and porcelain-housed
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.
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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.

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 th

e 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
generat
the gen

to, or greater than, 2,5 times the required test current level. In case of testin

with a

br, the first peak of 2,5 times the required test current can also be achieved by
brator’s excitation. The current should then be reduced, not less than 2,5 bye

initiation, to the required symmetrical value. The actual peak value of the test current,

by 2,5,

the sam

should be quoted as the test current, even though the r.m.s. value of)the sym

compon|ent of the actual SVU test current may be higher. Because of the thigher test
p

than 15

For “De|
achieve
conside
therefor
failure,

For pre

should only be carried out with the manufacturer’s consent.

sign B” polymer-housed SVUs, even the first current peak of V2 may not b
1 unless special test facilities are considered. Prefailed SVUs can b

e recommended to perform the short-circuit tests\as soon as possible after
breferably before the test samples have cooleddown.

Hfailed SVUs, therefore, it is recommended to ensure that the SVU repre

sufficiently low impedance prior to applying the~short-circuit current by reapplying

failing,
circuit t

pre-app
current

where

trpf

Qrpf

Irpf
8.7.5

The tes

br similar, circuit during a maximum_ of 2 s immediately before applying th
bst current (see Figure 6). It is aceeptable to increase the short-circuit currer
ied circuit up to 300 A (r.m.s).-f*so, its maximum duration, which depends
magnitude, shall not exceed thé)following value:

Irpf s Qrpf / Irpf

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

Low-current short-circuit test

varying
es after
divided
metrical
current,

le SVU may be subjected to more severe duty and, therefore, tests at X/R ratio lower

e easily
uild up

rable arc resistance, which limits the symmetrical ‘current through the S\VU. It is

the pre-

sents a
he pre-
e short-
t of the
on the

shall be made by using any test circuit that will produce a current through

the test

sample of 600 A + 200 A (r.m.s. value), measured at approximately 0,1 s after the start of the
current flow. The current shall flow for 1 s or, for “Design A” porcelain-housed surge SVUs,
until venting occurs.

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)

and

c) are met.

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

o fragments, less than 60 g each, of ceramic material such as from metal-oxide resistors
or porcelain;
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e pressure relief vent covers and diaphragms;
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. 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.

ejected
In that
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 still be ahle to be
lifted and removed by its top end).
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If an ex
qualified
new rat
current.

If a ney
table, it
current.

If an eX
deemed

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 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, feutral systems, the
increase of the test duration to longer than 1 s, up to 30 minfmay 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 tést sample and acceptance

criteria shall be agreed between the manufacturer and the purchaser.

sting type of SVU, already qualified for one of the rated currents in Table 5,
for a higher rated-current value availablg,in this table, it should be tested on
bd value. Any extrapolation can only be ‘extended by two steps of rated sho

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

s being
y at the
t-circuit

SVU type is to be qualified dfor a higher rated current value than availablg in this
shall be tested at the proposed rated current, at 50 % and at 25 % of thfis rated

isting SVU is qualified for one of the rated short-circuit currents in this table, it is
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1

Y B T T A T T Y A T A A A Y

R

T i

IEC

Number of units = 1

T T T T R T T T T T T T T T T T T T T

IEC

Number of units = 1

Number of units =1

Case a)

One mechanical and
electrical unit

Case b)

Two mechanical internal
assemblies covered by one
common housing providingfinal
mechanical strength

Case ¢)

One mechanical unit covered by a
housing with an internjediate
potential grading element

IEC

Number of units = 2

Number of units = 1

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

=
]
B

MO elements

Metallic parts

R
%%

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
© Flexible over a length
=) of at least 0,2 m
r
) Svu
Venting system <
if an <
(if any) S
|
<
Base 5
Enclosure ;g e Y
(|
N e Insulating
platform
= IEC
Figure 5a — Circuit layout for porcelain-housed SVUs
(all leads and venting systems in the same plane)
Dimensions
Flexible over a length
w of at least 0,2 m
N O
r
|
) Svu
Venting system <
if an b
(if any) S
+
<~
Base 5
Enclosure 1 °y
. )
Insulating
platform
|
- IEC

Figure 5b — Circuit layout for polymer-housed SVUs

(all leads and venting systems in the same plane)

Figure 5 — Short-circuit test setup

in metres

in metres
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SW 1
Short circuit
generator
) E

\ IEC

Test
sample

NOTE SW 1 is closed and SW 2 is opened to apply pre-failing level of current (maximum of 30 A, |imited by
impedancg Z). After a maximum of 2 s, SW 2 is closed to cause the specified short{circuit current to flow through
the test sample.

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

8.8 Fpllow current interrupting test
8.8.1 General

This tesft is to verify follow current interrupting eperation of an EGLA after the series gap had
sparked| over under a lightning impulse vgltage. The test sample is a complete EGLA or a
section pf an EGLA.

This tedt 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 wefted pollution layer.

This tedt may be performed either as a type test with an SDD level and EGLA configuration
selected by the manufacturer or, alternatively, as an acceptance test with the SOD level
agreed ppon betweenthe manufacturer and the purchaser, (see 10.6).

The follpw current interrupting 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
definitionin/IEC TS 60815-1, "Test method B" shall be applied. Else, the choice of the test
method 7
according to the IEC 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

d) 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.

e) 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.

f) The reference voltage U, of the SVU of the test section should be equal to the minimum
refe’rl‘ence voltage of the SVU of the EGLA divided by . If the reference voltage of ihe 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

refetence voltage of the SVU of the test section is less than the minimum rgference
voltagge of the SVU of the complete EGLA divided by n, the test section4s not allpwed to
be used.

g) A linlear resistor shall be connected in parallel with the SVU in ordepto provide sufficiently
high|follow current.

h) The |external series gap shall be composed of the same electtodes as those of the EGLA.
Its I¢ngth shall be not greater than the minimum gap length\specified by the manufacturer.
It is hot necessary to scale the gap.

The tes{ shall be conducted as follows:

A powefr-frequency voltage equal to the rated voltage of the EGLA or EGLA section ghall be
applied fto the test sample.

The follpw current flowing through the external series gap during the test will resulf as the
addition| of the following two components:

e the leakage current on the SVUY polluted surface simulated by means of the linear|resistor
connected in parallel to the SYU;

o the jinternal resistive current through the non linear metal-oxide resistor blocks when
energised at the rated-voltage.

The resfstance 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 60807) of the,SVU housing and K the layer conductivity.

The layers,eonductivity K shall be taken from Table 3 of IEC 60507:2013 at the line
corresppnding to the selected SDD. The accepted tolerance for the resistance shall be

20 % of the calculated value.

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

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 tests
is at least equal to the estimated value.

Thereafter, the gap length shall be adjusted to the minimum specified value. Then, five spark-
over opgrations at each polarity of the actual half cycle of the alternating voltage shall be
performgd. If follow current is not established, more spark-over operations shall be\pgrformed

until follow current was established five times for each polarity.

Permangnt oscillograms of power-frequency voltage and follow current associated w(th 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 applidation of
the impulse to ten complete cycles after the final interruption of the follow current. Final
interrupgion 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.

8.8.2.4 Test evaluation

The sample has passed the test if for the ten spark-over operations the follow cyrrent is
interrupted within the first half cycle of the power-ftequency voltage and if there is ng further

spark-oyer in any subsequent half cycle.

8.8.3 "Test method B"

8.8.3.1 Requirements on the testCircuit

The impedance of the power-fregquency voltage source shall be such that during the flow of
follow cprrent, the peak value (of)ypower-frequency voltage, measured at the EGLA tefminals,
does ndt fall below the peak value of the rated voltage of the test specimen and 4fter the
interruption of follow currént, the peak voltage does not exceed the peak value of the rated

voltage [py 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 sgction of an EGLA or a complete EGLA shall be prepared as test sample.

The non-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 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
detergent may be necessary in order to remove oil films, but the detergent should be
thoroughty Tinsed off with water-

The suilface hydrophobicity of the SVU shall be completely removed in order-to gimulate
surface | leakage currents to be expected in the worst case under the specified polluted
conditiop.

With the arrester de-energized, the contaminant shall be appliedcte) the whole injsulation
surface [of the SVU, including the undersides of the sheds. The poltution layer shall agpear as
a contiuous film. The pollution coating may be applied by either-spraying, dipping jor flow-
coating.

NOTE 1 |The following procedure is suggested to remove hydrophgbicity on a polymeric (especially fqr silicone
rubber) hpusing surface temporarily for the testing, without any damage of the surface or any additionall chemical
agent in the pollutant:

a) Hrepare slurry, which contains approximately 1 kg of Tonoko or Kaolin in 1 | of water.

b) 9Ypray the slurry as uniformly as possible on the hydfophobic housing surface.

c) Dry the polluted surface under natural ambient'conditions.

d) Wash off the deposited Tonoko or Kaolin.foughly, by running tap water, for example. After thip process

some amount of Tonoko or Kaolin wilkiremain on the surface, which suppresses recovefy of the
hydrophobicity temporarily.

Prior to|the testing, salt deposit dénsity according to the above procedure should be ¢hecked
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 |[specimen
needs to be completed within. ene day, in order to prevent recovery of hydrophobicity.

Within (B min to 3,5.min) after the contaminant has been applied to the test sample it shall be
exposed to its rated voltage for a time duration long enough to initiate one spark-over
operatidn of the\test sample.

The Iigrtnmg |mpulse voltages, havmg the same or opposite polar|ty as the actual half cycle
of the al

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) for the ten spark-over operations the follow current is interrupted within the half-cycle of
ing—which—the—-spa over—occurs—and—if-there—is—ng further

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 test demonstrates that the SVU is able to withstand the mechanical strength values (SLL
and SSL) specified by the manufacturer. The test shall be performed on three or six gamples
of SVUY or SVU units. The complete test proceduse is shown by the flow chart in Clauge B.5.

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

This tegt applies to porcelain and-Gast-resin housed SVUs of EGLAs for Ug > 52 kV| It also
applies |to porcelain and castiresin housed SVUs of EGLAs for Ug < 52 kV for which the
manufagturer claims cantilever strength.

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 torsienal loads, a specific test may be necessary by agreement betwgen the
manufag¢turer and\the user.

The test shalllbe performed on complete SVU units without internal overpressure. For single-
unit SVU désigns, 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 moments
in both ends, the test shall be performed on the longest unit of each different 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
breaking occurs within 30 s to 90 s. “Breaking” includes fracture of the housing and damages
that mayaccur to fixing device or end fittings

The mefan breaking load, MBL, is calculated as the mean value of the breaking(leadg for the
test samples.

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)

Three spmples shall be tested. The test samples shall contain.the internal parts. Prigr to the
tests, epch test sample shall be subjected to a leakage check (see 9.1, item c))|and an
internal|partial discharge test (see 9.1, item b)). If these tests-have been performed aq routine
tests, they need not be repeated at this time.

On each sample, the bending load shall be increased smoothly to SSL, tolerance t8° , within

30 s to PO s. When the test load is reached, it shall be maintained for 60 s to 90 s. Dufing this
time the deflection shall be measured. Then<the load shall be released smoothly pnd the
residuall deflection shall be recorded. The residual deflection shall be measured in thefinterval
1 min tg 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 is jnecessary for any reason to apply a load that is more than 5 % above [SSL an
agreement must be made with the manufacturer.

8.9.2.2.4 Test evaluation
The SVU shall havespassed the test if

— the mean yalue of breaking load, MBL, is > 1,2 x SSL;
— for the/SSL test

° t atatda na yvioihla s acshoanminaol Aora o
rICTCTS o visrioreTeorarnoaraaragty

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 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 single-unit SVU designs, the test shall be performed on the longest unit with the highest
rated vdltage of that unit of the design. Where an SVU contains more than one unif dr where
the SVU has different specified bending moments in both ends, the test shall be perfemed on
the londest unit of each different specified bending moment, with loads determined agcording
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

e three times the outside diameter of the housing (excluding the sheds) at the| point it
gnters the end fittings;

— the Unit is one of the normal assortment of units used<{in the design, and is not gpecially
madg for the test;

— the dnit has the highest rated voltage of that unit.of-the design.

A test in three steps (two steps for SVUs of EGULAs for Ug < 52 kV) shall be performed one
after the other on three samples as follows:

— on dll three test samples a cyclic test’\comprising 1 000 cycles with the test load gqual to
the gpecified long-term load (SLL);

— on two of the samples a stati¢c-bending moment test with the test load equal to the
spedgified short-term load (SSL);i.e. the 100 % value of Clause B.2 and on the 3 sample
a mechanical preconditioning/test as per 8.9.2.3.3.2;

— on a|l three samples awater immersion test as per 8.9.2.3.3.3.

Tolerange on specified‘loads shall be fg’%.

If +5 % |s exceeded this should be agreed upon with the manufacturer.

NOTE Tpe‘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 U,,; 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 test shall be performed on three samples. For SVUs of EGLAs for Ug > 52 kV, thp test is
performed in three steps. For SVUs of EGLAs for Ug < 52 kV, the test is, performed in two
steps.

a) SVUs of EGLAs for Ug > 52 kV
Step 1:

Subject all three samples to 1 000 cycles of bending moment, each cycle comprising
bading from zero to specified long-term load (SLL) in one direction, follgwed by
bading to SLL in the opposite direction, then returning to zero load. The cycli¢ motion
hall be approximately sinusoidal in form, with/a” frequency in the range 0,01 Hz —
,5 Hz.

I

I

d

Pue to the control of the testing machine-it ‘'may take some cycles to obtain the SLL.
The maximum number of these cyclesshall be agreed upon with the manufacturer.
These cycles shall not be included in the prescribed 1 000 cycles.

:

.

r

he maximum deflection during the‘test and any residual deflection shall be rgcorded.
he residual deflection shall be, measured in the interval 1 min to 10 min dfter the
clease of the load.

Steg 2.1:
Subject two of the samples from step 1 to a bending moment test. The bend|ng load
ghall be increased«sioothly to specified short-term load (SSL) within 30 s {fo 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 releasg of the
Ipad.

Step 22

ubject the third sample from Step 1 to mechanical/thermal preconditioning according

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 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 after the
release of the load.
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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) Terminal torque preconditioning

The SVU'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 poftion of the test applies only to SVUs for which a cantilever strength is declared.

The sample is submitted to the specified long-term load (SLL) infour directions and in|thermal
variations as described in Figure 7 and Figure 8.

If, in particular applications, other loads are dominant,the relevant loads shall be|applied
instead.| The total test time and temperature cycle shalllpermain unchanged.

Load direction

8
S 0° 180° 270° 90°
24 48 72 96
Time (h)
I +60
s : :
/ ! s
o ; ; i
o i i
5 24 s /7
g / Time (h)
£ —25 ;
(0] '
'_

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

WHHY,

e ———
TR

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

Figare 8 — Example of the test arrangement for the thermo-mechanical test
and direction of the cantitever toad

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/m?3
of NaCl, for 42 h.

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

The temperature of the b0|I|ng water can be reduced to 80 °C (W|th a minimum duratlon of 52
h) by agreemer that its
sealing [material is not able to wrthstand the b0|I|ng temperature for a durat|on of 42| h. This
value of 52 h can be expanded up to 168 h (i.e. one week) after agreement(between the

At the lend of the boiling, the SVU shall remain in the vessel untiCthe water ¢ools to
approximately 50 °C and shall be maintained in the water at this temperature until velification
tests cgdn be performed. The SVU shall be removed from the watefband cooled to pmbient
temperdture for not longer than three thermal time constants of the.sample. The 50 °C|holding
temperdture is necessary only if it is necessary to delay the verification tests after th¢ end of
the watgr immersion test as shown in Figure 9. Evaluation tests shall be made within the time
specifiefd in 8.9.2.3.3.4. After removing the sample from the water it may be washed with tap
water.

O 4
e
3 I
© In water | In the open air
: |
= i
(0] - |
= | Boiling water :
|
|
|
|
|
|
|
|
|
I
50 !
|
|
Ambient temperature K
i
|
I
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 applicalion of power-frequency voltage with an amplitude above ré

voltage.

measured on several MO resistors or the single value if only the 1/2 to 1/3 pointdis_che

In case
temperd
of the ¢
mass of
or bottd
bushing
temperd
temperd
lowest t
greater

When this predetermined temperature is reached; the voltage source shall be disco

and the|
temperd
a mean

For the
has dec

8.9.2.3.

Tests a

The SV
a) SVU

This temperature shall be determined by the mean value if the temper

of multi-column internal design, measures may have to be takenyto achiev
tures of all MO resistor columns, e.g. by adding one or more lingar resistors
plumns in each unit. These resistors shall have a mass of not’more than 5 9
MO resistors in the related columns, and they shall be positioned directly on
m of the column. If this measure cannot be taken, an, alternative is to us
5 in the metal flanges and place the linear resistors” outside the housi
ture shall be measured on all individual MO resistor columns and the

ture be used as column temperature.The differénce between the highest

emperature among the individual columns measured at the same height shal
than 20 K at an average temperature of 140 °C.

cooling time curve shall be determined over a period of not less than 2
ture shall be measured at least every'minute. In the case of several measurin
temperature curve shall be constructed.

purpose of this standard the-thermal time constant is the time where the temj
reased by 63 % of the temperature difference between start and ambient temp

! Test evaluation

cording to 8.9(2.3.2 shall be repeated on each test sample.

J shall havépassed the test if the following is demonstrated:

s of EGLAs for Ug > 52 kV

ference
bture is
cked.

e equal
to each
o of the
the top
e small
ng. The
average
and the

I not be

nnected
h. The
g points

berature
brature.

Afte

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
measuring equipment shall be not less than 5 Hz.

of the

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,y and at an

temperature that does not deviate by more than 3 K from the initial measur
is not more than the greater of 20 mW/kV of (0,7 times U,g) or 20 %,;

ambient
ements,

— the internal partial discharge measured at 0,7 times U,,; does not exceed 10 pC;
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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
shall be in the range of 74/T, = (4 to 10)/(10 to 25) ps, and the impulses shall be
administered 50 s to 60 s apart.

b) SVU
Afte

Afte

within 8 h after cooling as defined in Figure 9:

s of EGLAs for Ug < 52 kV

NOTE In case of extra long SVUs where the blocks can be dismantled this part of the evaldation test
can be performed on individual blocks or stacks of blocks. If the blocks cannot ke, 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 thectwo residual|voltage
tests does not exceed 2 %.

step 1:
there is no visible damage;

for step 1.1, the slope of the force-deflection eufve remains positive up to the SSL
value except for dips not exceeding 5 % of{SSL magnitude. The samplind 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 any remaining permanent deflectipn after
the test shall be reported.

step 2:

the increase in watt\losses, measured at 0,7 times U, and at an pmbient
temperature that does’not deviate by more than 3 K from the initial measurgments,
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 1D 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 lgakage test in accordance with 9.1 c);

the residual voltage measured 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 7,/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.


https://iecnorm.com/api/?name=04feda2a0ab9180661942b75f9e71bee

IEC 600

8.9.3
8.9.3.1

99-8:2017 © IEC 2017 -51 -

Vibration test

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

conditio

n should be agreed between the manufacturer and the purchaser.

8.9.3.2

The tesf

Prior to
o
o

9

3

If the pd
been pe
8.9.3.3
e [Instd
e Loaq:

weig
e Accq
e Num
e Freq
e Dire

axis
Other 4

Sample preparation

samples shall contain the internal parts.

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

lectrical 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; thel current
wave shape shall be in the range of 74/T, = (4 to' 10)/(10 to 25) us;
bakage checks in accordance with 9.1 c) for, SVUs with enclosed gas voluyme and
eparate sealing system.
rtial discharge test according to 9.1 b) and the leakage check according to 9.1c) have
rformed as routine tests they need not e repeated at this time.
Test procedure and test condition
llation condition: Intended most critical way of mounting
Actual electrode or loaded by maximum gpecified
ht
bleration at SVU's free end: 19
ber of oscillations: 1-108 (one million)
uency: Resonance frequency of the SVU
Ction of oscillations: Intended most critical direction relative to thel sample

manufa

turer and the purchaser

ceceleration values than 1 x g may be specified on agreement bethen the

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) thei

nternal 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

leak

age 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

mea

surement;
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d) 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.

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

8.10 Weather aging tests

8.10.1

The en
mechan
environ
For SV
be omit
based ¢
conside

8.10.2

Prior to
method

8.10.3
8.10.3.1

The tes

General

vironmental tests demonstrate by accelerated test procedures that, the
sm and the exposed metal combinations of the SVU are not" impa

n the same design and material, and have the same sealing system in each
red to be the same type of SVU.

Sample preparation

the tests, the test sample shall be subjected/to a leakage check by any s
adopted by the manufacturer.

Test procedure
General

s specified in Subclauses 8.10.8.2 and 8.10.3.3 shall be performed on one s4

the seqlience given.

8.10.3.2

The tes
temperd
85 K bs
the cold

o temgq

Temperature cycling test

t shall be performeéd according to IEC 60068-2-14. The hot period shall
ture of at least 40 °C, but not higher than +70 °C. The cold period shall be
low the value, actually applied in the hot period; however, the lowest tempen
period shall*not be lower than -50 °C:

eratureschange gradient: 1 K/min;

. duraltion of each temperature level: 3 h;

sealing
jred by

ental conditions. The test shall be performed on one complete~-SVU of any| length.
s with an enclosed gas volume and a separate sealing system,(the internal parts may
ed. SVUs whose units differ only in terms of their lengths, @hd which are o:l‘herwise

nit, are

ensitive

mple in

be at a
at least
ature in

e nNum

ber 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

e salt solution concentration: 5 % + 1 % by weight;
o 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
applicable). The insulator housing material shall be subjected to a 1 000 h UV light test using

one of the following test methods. Markings on the housing, if any, shall be directly exposed
to UV Iigﬁht:

e Xenopn-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 °CQan"irradjance of
around 550 W/m?2

e Fluorescent UV method: ISO 4892-1 and I1SO 4892-3, using typed\fluorescent UV lamp,
expqsure method 1 or 2.

8.10.5.3 Acceptance criteria

After thge test, markings on shed or housing material shall bé legible; surface degradations
such ag cracks and raised areas are not permitted. il case of doubt concerning such
degraddtion, two surface roughness measurements Shall be made on each of the three
specimgns. 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

§0 3274 gives details of surface roughness measurement instruments.
8.11 Radio interference voltage (RIV) test

This tesft applies to EGLA intended foruse on systems with Us = 72,5 kV.

The EGLA with an insulator canfiguration determined by the manufacturer to be appropriate
shall bg tested in accordanceé.with the RIV test procedure of IEC 60099-4. The test|voltage
shall be|the rated voltage () of the EGLA.

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

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

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, ) 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, 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 units. The residual voltage for the
complete SVU shall not be higher than the value specified by the manufacturer. The
residual voltage shall be specified without inductive voltage drop due to the size of the
SVU.

The| residual voltage test may alternatively be performed with an impulse | current
corresponding to the maximum expected follow current value through-the ngn-linear
metal-oxide resistors. This point on the U-I-characteristic must then havetbeen mpasured
in the type test (8.3.3).

When the purchaser specifies acceptance tests in the purchase agreement, tests shall be
selected among the following tests. The number and the.way of preparation of test gamples
are givgn in Table 6, where "A" stands for the nearest.|Jower whole number of the cubi¢ root of

the number of EGLA to be supplied.

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 humber
samples . .
insulator insulator
1. Refergénce voltage "A" Test 10.2
2. Internpl partial discharge test "A" Test 10.3
3. RIV tgst @) 1 Test (w) 10.4
4. Test fpr coordination between 1 Test (w) 10.5
insulaton) withstand and.EGLA
protective level )
5. Follow currentinterrupting test © 1 Test (wo) 9 Test (wo) 9 10.6
6. Vibration, test © 1 Test (wo) ) 10.7

a)
b)
c)
d)
e)

f)

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

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 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 Internal partial discharge test of SVU

The power-frequency voltage shall be increased to at least 0,7 times U, 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 d
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adio interference voltage (RIV) test

t applies to 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 with the
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10.5 Test for coordination between insulator withstand and EGLA protective levlel

10.5.1

This tesft for coordination between insulator withstand and EGLA protective level is mg

as an a
correct
the typi
actual s

Test sample is a complete EGLAwith the insulator assembly connected in parallel.
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d system voltage (US/\/3) that will be applied in service.

LA with the insulator assembly shall be assembled in such a wayhat it si
ystem installations. The test shall be performed on the longest EGLA; with the
ltage used for a particular EGLA type. The test voltage shall be'applied betw
s of the EGLA.

shall be performed under dry conditions. The maximumdadio interference lev
ith the insulator assembly energized at the test voltage shall not exceed 2 500

General

cceptance test if not a type test according to 8.4 is performed. The test ver
front-of-wave and standard lightningiimpulse spark-over voltages for the EG
cal insulator assembly having thesshortest insulation distance to be protected
ystem.

Steep front impulse test
General

ont impulse voltages of a virtual steepness of wave front enough to cause sp
front orcaround the peak according to Table 7 shall be applied to the test sam
r each-polarity under dry conditions.

phase

mulates
highest
een the

b| of the
uVv.

ndatory
fies the
LA with
for the

ark-over
ple, five

Table 7 — Virtual steepness of wave front of steep front impulses

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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