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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURGE ARRESTERS -
Part 5: Selection and application recommendations

FOREWORD

all national electrotechnical committees (IEC National Committees). The obj
international co-operation on all questions concerning standardization in the elecifi
this end and in addition to other activities, IEC publishes International Stan
Technical Reports, Publicly Available Specifications (PAS) and Guides

Publication(s)”). Their preparation is entrusted to technical committees; any
in the subject dealt with may participate in this preparatory work.
governmental organizations liaising with the IEC also participate in thi

agreement between the two organizations.

possible, an international
s representation from all

2) The formal decisions or agreements of IEC on technical matte
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights. IE€ shall ot be held responsible for identifying any or all such patent rights.

International Standard IEC 60099-5 has been prepared by committee 37: Surge arresters.

This second edition cancels and replaces the first edition published in 1996 and its
amendment 1 published in 1999. This edition constitutes a technical revision.

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

a) Expanded discussion of different types of arresters and their application, including
additions of discussion on:
— transmission of line arresters
— arresters for shunt capacitor switching
— arresters for series capacitor protection

— application of arresters between phases

Documents
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b) Addition of section on asset management, including:
— managing surge arresters in the power grid
— arrester maintenance
— significantly expanded discussion of performance diagnostic tools
— end-of-life considerations
c) New annexes dealing with:
— arrester modelling for system studies
— example of data needed for specifying arresters

This bilingual version (2017-06) corresponds to the English version, publis in 2013-05.

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

FDIS Report on votir}g\
37/405/FDIS 37/408/RV§

Full information on the voting for the approval of this s
voting indicated in the above table.

in the report on

The French version of this standard ha

* reconfirmed,
* withdrawn,

* replaced by a revi
* amended.

colour printer.
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SURGE ARRESTERS -

Part 5: Selection and application recommendations

1 Scope

This part of IEC 60099 is not a mandatory standard but provides information, guidance, and
recommendations for the selection and application of surge arresters to be used in three-
phase systems with nominal voltages above 1 kV. It applies to gaplesg
arresters as defined in IEC 60099-4, to surge arresters containing bo

arresters with external series gap for overhead transmission and
defined in IEC 60099-8. In Annex H, some aspects regarding iC gapped

aiming to ensure the safe, reliable and economi
electricity networks and substations. The use of s
equipment insulation level and still mai

scale.

The introduction of analytical modellip i of power system transients further
optimise the equipment insulation level. T f surge arresters has become more
and more important in the po ) petration. It is worthwhile to note that the
reliability of the power s péndent on the safety margin adopted by
the user in the design nts and surge arresters.

Surge arrester r@
attention to when

if iKely, however, that for some systems, or in some
rements and design are sufficiently uniform that the

andard may lead to the definition of narrow ranges of
esters will, in that case, not be required to apply the whole

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

IEC 60071-1:2006, Insulation coordination — Part 1: Definitions, principles and rules
IEC 60071-2:1996, Insulation coordination — Part 2: Application guide

IEC TR 60071-4, Insulation coordination — Part 4: Computational guide to insulation
coordination and modelling of electrical networks

IEC 60099-4:2009, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems
Documents
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IEC 60099-6:2002, Surge arresters — Part 6: Surge arresters containing both series and
parallel gapped structures — Rated 52 kV and less

IEC 60099-8:2011, 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

IEC 60507, Artificial pollution tests on high-voltage insulators to be used on a.c. systems

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

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators ded for use in

polluted conditions — Part 2: Ceramic and glass insulators for a.c. systems

IEC TS 60815-3, Selection and dimensioning of high-voltage ins
polluted conditions — Part 3: Polymer insulators for a.c. systems

For the purposes of thi

NOTE These terms lo
definitions in other

3.1
arrester — dead-f

shield,
padmoun

Note 2 to entry: The use of dead-front arresters is common in the USA.

3.2

arrester disconnector

device for disconnecting an arrester from the system in the event of arrester failure, to
prevent a persistent fault on the system and to give visible indication of the failed arrester

Note 1 to entry: Clearing of the fault current through the arrester during disconnection generally is not a function
of the device.

3.3
arrester — liquid-immersed type
arrester designed to be immersed in an insulating liquid

3.4

arrester — separable type, separable arrester

arrester assembled in an insulated or screened housing providing system insulation, intended

to be installed in an enclosure for the protection of distribution equipment anBa(étE“;ﬁents
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Electrical connection may be made by sliding contact or by bolted devices; however, all
separable arresters are dead-break arresters

Note 1 to entry: The use of separable arresters is common in Europe.

3.5

back flashover rate

BFOR

characteristics of an overhead line or system with respect to the number of back flashovers
typically given per 100 km and year

3.6
bending moment
horizontal force acting on the arrester housing multiplied by the vertica

l.distance.between the

of the force

3.7
continuous current of an arrester

Note 2 to entry: The continuous current is, foncomparisg poses\expressed either by its r.m.s. or peak value.

3.8
continuous operating voltage of an 3
Uc

designated permissible
continuously between

3.9
dead-break arre

arrester which can
energized

3.10
dischargg
impulse< s through the arrester
3.1
disruptive dischargé
phenomenon associated with the failure of insulation under electric stress, which include a
collapse of voltage and the passage of current

Note 1 to entry: The term applies to electrical breakdowns in solid, liquid and gaseous dielectric, and
combinations of these.

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

3.12

externally gapped line arresters

EGLA

a line surge arrester designed with an external spark gap in series with a SVU part to protect
the insulator assembly from lightning caused fast-front overvoltages only

Note 1 to entry: This is accomplished by raising the sparkover level of the external series gap to a level that
isolates the arrester from power frequency overvoltages and from the worst case slow-front overv
switching and fault events expected on the line to which it is applied. Cﬁﬁtﬁe‘ﬁents
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3.13

fast-front overvoltage

FFO

transient overvoltage usually unidirectional, with time to peak between 0,1 ps to 20 us, and
tail duration < 300 us

3.14

fault indicator

device intended to provide an indication that the arrester is faulty and which does not
disconnect the arrester from the system

3.15
flashover
disruptive discharge over a solid surface

3.16
flashover rate
FOR
characteristics of an overhead line or system with respé e ber of flashovers
typically given per 100 km and year

3.17

follow current

the current immediately following an/i < otigh an@S A Wwith the power frequency
voltage as the source

Note 1 to entry: The external series gap shall be able to nte Qllow current due to external leakage current

the performance of the EGLA upder poll iced by the gap resealing performance under wet
and polluted condition, and it is\yerifie ¢ nt i ption test.

3.18

follow current ofan a

the current fro 3 ¢e which flows through an arrester following the
passage of dischargeCu

3.19

Note 1 to entry: gressure is normally higher than 1 bar = 105 Pa.

3.20
grading current
current flowing through the arrester while a power frequency voltage is applied

3.21

grading ring of an arrester

metal part, usually circular in shape, mounted to modify electro-statically the voltage
distribution along the arrester

3.22

high current impulse

peak value of discharge current having a 4/10 or 2/20 impulse shape, which is used to test the
withstand capability of the SVU on extreme lightning occasions
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3.23

highest voltage for equipment

U

hirghest value of the phase-to-phase voltage (r.m.s. value) for which the equipment is
designed in respect of its insulation as well as other characteristics which relate to this
voltage in the relevant equipment Standards. Under normal service conditions specified by the
relevant apparatus committee this voltage can be applied continuously to the equipment

3.24

highest voltage of a system
US

highest value of the phase-to-phase operating voltage (r.m.s. value) which occurs under
normal operating conditions at any time and at any point in the system

3.25
impulse protective levels of an arrester tested in accordance
front protective level

highest of either the steep current residual voltage or the frg
voltage at [

3.26

standard lightning impulse protective level
highest of the residual voltage at negMinal g
sparkover voltage at /,

3.27

3.28 Q
impulse

unidirectional wave which, without appreciable oscillations, rises rapidly
to a maximum vglue > less rapidly, to zero with small, if any, excursions of

impulse sparkover ydltage-time curve
a curve which relates the impulse sparkover of the voltage to the time to sparkover

3.30

insulation coordination

selection of the dielectric strength of equipment in relation to the operating voltages and
overvoltages which can appear on the system for which the equipment is intended and taking
into account the service environment and the characteristics of the available preventing and
protective devices

3.31

lightning current impulse

8/20 current impulse with limits on the adjustment of equipment such that the measured
values are from 7 ps to 9 us for the virtual front time and from 18 ps to 22 ps for the time to
half-value on the tail

Note 1 to entry: The time to half-value on the tail is not critical and may have any tolerance durin i
voltage type tests (see IEC 60099-4:2009, 8.3). Dbetﬂﬁents
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3.32

lightning [or switching] impulse protective level

Up (LIPL) [or Uy (SIPL)]

maximum peak voltage on the terminals of a surge arrester subjected to lightning [or
switching] impulses under specific conditions

3.33

lightning impulse withstand voltage

LIWV

Standard rated lightning impulse withstand voltage of an equipment or insulation configuration

3.34
line surge arresters
LSA
a type of arrester that is applied to overhead lines of power systeais
insulator flashover during lightning overvoltages. It is not gene
insulator from other types of transients such as switching surge

3.35
load-break arrester
arrester which can be connected and disconnected w}

3.36
mean breaking load
MBL
the average breaking load for porcelain O ~ d-arfesters determined from tests

3.37
metal-oxide surge arreste
an arrester having non connected in series and/or in parallel with
any internal series or

3.38 Q
nominal dischargé€ ¢

In
peak value of lig o ge which is used to classify an arrester in IEC 60099-4,
60099-6, and £ 2

3.40

non gapped line arresters

NGLA

a line surge arrester designed without any external gapped structures to protect the line
insulator assembly from lightning caused fast-front overvoltages

Note 1 to entry: It may also protect the line insulators against switching surges if so selected.

Note 2 to entry: NGLA are generally equipped with a disconnector device that facilitates fast reclosing in case of
an arrester overloading.

3.41
non-linear metal-oxide resistor
part of the surge arrester which, by its non-linear voltage versus current characteristics, acts
as a low resistance to overvoltages, thus limiting the voltage across the arrester terminals,
and as a high resistance at normal power-frequency voltage
Documents
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3.42
polymer-housed arrester
arrester using polymeric and composite materials for housing, with fittings

Note 1 to entry: Designs with an enclosed gas volume are possible. Sealing may be accomplished by use of the
polymeric material itself or by a separate sealing system.

3.43
porcelain-housed arrester
arrester using porcelain as housing material, with fittings and sealing systems

3.44

power-frequency withstand voltage versus time characteristic of an arre

power-frequency withstand voltage versus time characteristic show aximum time
durations for which corresponding power-frequency voltages may apph arresters
without causing damage or thermal instability, under specified congditi i ordapnce with
IEC 60099-4

3.45

protective characteristics of an arrester tested in accofd
the combination of the following:

specified switching impulse

3.46
protective char

3.47
rated frequency of an arrester
frequency of the power system on which the arrester is designed to be used

3.48

rated voltage of an arrester

UI’

The maximum permissible r.m.s. value of power frequency voltage between its terminals at
which it is designed to operate correctly under temporary overvoltage conditions as
established in the operating duty tests of IEC 60099-4 and 60099-6

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

Documents

Document Sharing Hub

Full document details: IEC 60099-5 2013


http://www.avadocuments.com/doc/iec-60099-5-2013
http://www.avadocuments.com/doc/iec-60099-5-2013

IEC 60099-5:2013 © IEC 2013 -15 -

3.49

reference current of an arrester

peak value (the higher peak value of the two polarities if the current is asymmetrical) of the
resistive component of a power-frequency current used to determine the reference voltage of
the arrester

Note 1 to entry: The reference current will be high enough to make the effects of stray capacitances at the
measured reference voltage of the arrester units (with designed grading system) negligible and is to be specified
by the manufacturer.

Note 2 to entry: Depending on the nominal discharge current and/or line discharge class of the arrester, the
reference current will be typically in the range of 0,05 mA to 1,0 mA per square centimetre of disc area for single
column arresters.

3.50
reference voltage of an arrester
Uref
peak value of power-frequency voltage divided by V2 which is appli
the reference current

Note 1 to entry: The reference voltage of a multi-unit arrester is
individual units.

3.51

residual voltage of an arrester
Ures

peak value of voltage that appears b
discharge current

Note 1 to entry: The term "discharge voltage" |s us@) ne
3.52

residual voltage of EGLA
the terminal-to-terminal length of the EGLA
including the series gapy ¢ ¥s during the passage of discharge current

3.53
routine tests
tests made o on parts and materials, as required, ensuring that the product
meets the de }

3.54
self-restoring
insulation which; a short time, completely recovers its insulating properties after a
disruptive discharge during test

3.55

series gap

Intentional gap(s), between spaced electrodes in series with one or more metal-oxide
resistors, across which all or part of the imparted terminal voltage appears

3.56

series varistor unit

SvVu

non-linear metal oxide resistor part, contained in a housing, which must be connected with an
external series gap to construct a complete EGLA; the SVU may include several units
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3.57

shielding failure flashover rate

SFFOR

characteristics of an overhead line with respect to the number of shielding failures leading to
flashover typically given per 100 km and year

3.58

shielding failure rate

SFR

characteristics of an overhead line with respect to the number of shielding failures typically
given per 100 km and year

3.59

shunt gap
intentional gap(s), between spaced electrodes, that is electrically in pa
main metal-oxide resistors

or SVUe

3.60
slow-front overvoltage
SFO
transient overvoltage usually unidirectional, with tim
tail duration < 20 ms

20 s to 5 000 us, and

3.61

sparkover of an arrester

a disruptive discharge between the electrs | arrester
3.62

specified long-term load

SLL

1) d

force perpendicular to

during service witéut

3.63

specified short-tef
SSL
greatest force perp i be_the longitudinal axis of an arrester, allowed to be applied
during service for>shon jods and for relatively rare events (for example, short-circuit

rrester, allowed to be continuously applied
a] damage to the arrester

Note 1 to entry: seismic load an even higher load than the SSL may be considered.

3.64

steep current impulse

current impulse with a virtual front time of 1 ps with limits in the adjustment of equipment such
that the measured values are from 0,9 us to 1,1 us and the virtual time to half-value on the tail
is not longer than 20 us

3.65

surface current of SVU
current that flows on the surface of the SVU

3.66

switching impulse withstand voltage

SIWV

Standard rated switching impulse withstand voltage of an equipment or__insulation
configuration Documents
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3.67

switching surge flashover rate

SSFOR

characteristics of an overhead line with respect to the number of switching surges leading to
flashover typically given per 100 km and year

3.68

temporary overvoltage

TOV

power frequency overvoltage of relatively long duration

Note 1 to entry: The overvoltage may be undamped or weakly damped. In some cases its frequency may be
several times lower or higher than power frequency.

3.69
terminal line force

arrester

3.70

thermal runaway of an arrester
situation when the sustained power loss of an
capability of the housing and connections, leadin
of the resistor elements culminating in failure

3.71

thermal stability of an arrester
arrester is thermally stable if, afte opers
temperature of the resistor.elements ecr
specified continuous operating atspke

the
e when the arrester is energized at
mbient conditions

3.72

time to sparkovef \of 2
the time intervalNyety

in microseconds

3.73
torsional loading

short-duration overvoltage of few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped

Note 1 to entry: Transient overvoltages may be immediately followed by temporary overvoltages. In such cases
the two overvoltages are considered as separate events.

3.75

type tests

design tests

tests which are made upon the completion of the development of a new arrester design to
establish representative performance and to demonstrate compliance with the relevant
standard

Note 1 to entry: Once made, these tests need not be repeated unless the design is changed so as to modify its
performance. In such a case, only the relevant tests need be repeated.
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3.76

unit of an arrester

completely housed part of an arrester which may be connected in series and/or in parallel with
other units to construct an arrester of higher voltage and/or current rating

3.77

very-fast-front overvoltage

VFFO

transient overvoltage usually unidirectional, with time to peak < 0,1 us, and with or without
superimposed oscillations at frequency 30 kHz < f < 100 MHz

4 General principles for the application of surge arresters

IEC 60071 specifies withstand voltages for two ranges of highest vol

— range |: above 1 kV to 245 kV included
— range ll: above 245 kV

In addition this guide uses:

— distribution voltage up to 52 kV
— UHV above and 800 kV included

NOTE Insulation coordination refers both to
whereas the dimensioning of arresters is usuall

connected to overhead ljifies Q aults or switching operations are most
likely to occur. In rare case ) ightning indu€ed overvoltages may also be generated.
In systems of range i {on factors, switching overvoltages become

important, increasjng tages Overvoltages may cause flashovers and
serious damage@ 2quipry erely jeopardize the supply of power to users. It is
essential to prevert thi r coordination of surge arresters with the insulation.
Therefore, it is regé S se\glrge arresters if there are possibilities of lightning

overvoltages or hg - ing wvervojtages, which may be dangerous to the equipment.

The surge arreste stitute a reliable part of the system. They are designed to
e resultlng currents through them with a suff|C|entIy high

— operating voltage
— temporary overvoltages;

— slow-front overvoltages;

— fast-front overvoltages;

— very-fast-front (GIS applications)

where the slow-front overvoltages due to switching are of particular importance for arresters
protecting range Il equipment.

As a general principle, the best protection of equipment and high surge arrester rated
voltages are contradicting requirements. Thus the selection of an adequate arrester
constitutes an optimization process, which has to consider a great number of system and
equipment parameters. These are further explained in Clause 6, insulation coordination and
surge arrester application.
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5 Surge arrester fundamentals and applications issues

5.1 Evolution of surge protection equipment

The metal-oxide (also called MO, or sometimes ZnQO) surge arrester was introduced in the mid
to late 1970s and proved to be a solution to the problems which could not be solved with the
gapped silicon carbide (SiC) arrester technology [19] [20] [21]1. The protection level of a
surge arrester was no longer a statistical parameter, but could be accurately given. The
protective function was no longer dependant on the installation or vicinity to other apparatus —
as compared to SiC arresters, where the sparkover voltage could be affected by surrounding
electrical fields. The MO surge arrester could be designed to meet virtually any energy
requirements by connecting MO resistor elements in parallel (even though the technique to
ensure a sufficiently good current sharing, and thus energy sharing, bet wthe columns is
sophisticated). The possibility to design protective equipment that co

for example, where the arrester is a huge arrester bank made of te g of lmdividual
MO resistor columns connected in parallel.

Some of the first MO surge arresters utilised spark gaps in g& elements or
in parallel with sections of the varistor column (shunt gaps gflected, to some
extent, a concern for the long-term stability of the MO Tesi al. ¥sing spark gaps in
series or parallel consequently made it possible to d e pus voltage stress on
the MO resistors and still maintain a low protection Yevel. feason was to obtain
protective levels better than for the i arresters at that time with

active spark gaps and low protection k

the elimination of gaps permitted the |desjgn. of (_compact, reliable, low profile arresters
compared to what was posgible with the oI gy

New polymeric materials, superseding the traditional porcelain housings, started to be used in
the mid 1980s for distribution arresters. By the end of the 1980s, polymer-housed arresters
were available up to 145 kV system voltages, and today polymer-housed arresters are
accepted for all voltage ranges including 800 kV and the emerging UHV levels (1 100 kV,
1200 kV) [21].

Many of the early polymeric designs utilized EPDM rubber as an insulator material, but during
the 1990s more and more manufacturers changed to silicone rubber (SIR), which has an
outstanding performance under polluted conditions due to its hydrophobicity (ability to repel
water), which is even transferred to pollution layers. SIR insulation is therefore considered
less affected by environmental conditions, including UV radiation and pollution.

1 Numbers in square brackets refer to the Bibliography. Documents
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5.2 Different types and designs and their electrical and mechanical characteristics
5.2.1 General

Surge arresters may first of all be distinguished by their types of applied non-linear resistors:
SiC or MO, where the latter is today practically always based on ZnO. Another way of
differentiation is with or without gaps. The gaps may be arranged internally and externally,
and internal gaps may be series connected to all or shunt connected to part of the non-linear
resistors. Another important attribute is the applied housing technology. Air insulated
substation (AIS) surge arresters are available with porcelain housings or with polymeric
housings, with a wide variety of different designs and polymeric materials. Gas insulated
substation (GIS) surge arresters make use of metal enclosures, filled with sulphur
hexafluoride (SFg) at high operating pressures. Furthermore, there exist some other very
specific housing technologies for distribution applications.

These different surge arrester technologies are covered by the f
IEC 60099 series:

The majority of newly inst S By are MO surge arresters without gaps. In
distribution applicatio i i predominant. In transmission systems,
porcelain housi
share.

to the shield wire or’pole/tower (back flashovers). Further applications have become possible
by the high energy handling capability of modern MO surge arresters, which can easily be
extended by parallel connections of many (sometimes more than one hundred) individual MO
resistor columns. Special designs are compatible to cable plug systems and can thus simply
be integrated in existing distribution switchgear, and others are directly installed in
transformer tanks and operated under oil.

5.2.2 Metal-oxide arresters without gaps according to IEC 60099-4
5.2.21 Different types and designs
IEC 60099-4 covers the following types of MO surge arresters without gaps:

— porcelain-housed arresters;
— polymer-housed arresters;
— gas-insulated metal enclosed arresters (GIS arresters);
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— separable and deadfront arresters;
— liquid immersed arresters.

These different types of arresters are explained in the 5.2.2.2 t0 5.2.2.6.

5.2.2.2 Porcelain-housed arresters

The active part of a porcelain-housed MO surge arrester consists of a column of stacked MO
resistor elements, mechanically supported by different kinds of structures. MO resistors
exhibit a characteristic that is approximated by the equation / = k x U%, where o is the
coefficient of non-linearity, having a value dependent upon the material and on the actual
region of the voltage-current (U-/) characteristic. It can take values from 5 to 50. MO resistor
elements for surge arrester applications are usually of cylindrical shape, diameters in the
range from about 20 mm to about 110 mm and heights of up to abo 45 mmXSeveral MO

. rounding gas in
these arresters typically is nitrogen or (synthetic) ajr- .97 SFg, are used it
should be checked that all relevant tests as per $0099:4 axe ma ith the actual filling
medium in the arresters and that possible leakage ig P 7 This is in particular

The porcelain h ' iye part from the environment. The housing has to fulfil
many different reg <

pressure relief tnder overload conditions.

For surge arrester housings in general (i.e. not limited to porcelain), the requirements on
dielectric strength are different from those of all other equipment in electrical power systems.
Note that the standard insulation levels of the insulation coordination standard
IEC 60071:2006 (Tables 1 and 2) are not relevant, but lower values shall be applied instead
as an arrester housing represents the best protected insulation in a power system. In order to
avoid any flashover under impulse residual voltage stress during arrester operation, the
minimum requirements for surge arrester housings, according to IEC 60099-4, are
(abbreviations in line with IEC 60071):

— LIWV = 1,3 times the lightning impulse protection level (U,) of the arrester

— SIWV = 1,25 times the switching impulse protection level (U ;) of the arrester for 10 kA
and 20 kA arresters with ratings of 200 kV and above

— ACWYV (peak value) = 1,06 times the switching impulse protection level (Ups) of the
arrester for 10 kA and 20 kA arresters with ratings of less than 200 kV
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— ACWYV (peak value) = 0,88 times the lightning impulse protection level (U,) of the arrester
for 1,5 kA, 2,5 kA, 5 kA and high lightning duty arresters (in accordance with Annex C of
IEC 60099-4:2009)

The applied factors take into account increased residual voltages for discharge currents
higher than the nominal values and atmospheric correction for altitude of erection of 1 000 m
above sea level (which means that an altitude correction for altitudes up to 1 000 m is always
included, and only for higher altitudes of installation further corrections have to be applied as
defined by IEC 60071-2).

The following example explains the different withstand voltage requirements:

Highest voltage for equipment U,, = 420 kV

— required LIWV for equipment other than surge arrester housing
Table 3): LIWV =1 425 kV

— required SIWV for equipment other than surge arrester h
Table 3): SIWV =1 050 kV

60071:2006,

1:2006,

Typical arrester's lightning impulse protection level Up| =8

>—drresters and would require the
tall arrester housings, which is not

hal conditions, that require hlgher impulse
ents of IEC 60099-4 should be applied.

For arresters thIi g ' iticaNand this is not only the case for porcelain-housed
arresters. Moist i i i i

ure/ingres ain-housed arresters is one of the main reasons — if not
the only one — fo \ ime \of MO surge arresters. It should be noted that the
¢lements, i.e. a non-reversible change of the voltage-

rings have to be applied, which serve for controlling the uneven axial voltage distribution
caused by stray capacitances to earth. Though these rings are often considered as
undesirable from a station layout perspective they must not be omitted during installation,
because the arrester would then fail within short time by a thermal runaway (i.e. electrical
power losses exceed thermal heat dissipation capability).

Currently, IEC 60099-4 allows performing dielectric testing of the housing on individual units
and without the external grading system. However it is quite evident that this will not result in
correct withstand values for multi-unit EHV and UHV arresters. It is therefore suggested that,
for 800 kV surge arresters and above, complete arresters are tested but with the MO resistors
replaced by grading components.

5.2.2.3 Polymer-housed arresters

Polymer-housed arresters appeared on the market in the mid 1980s (distribution) and late
1980s (transmission). In distribution, they represent state of the art today and _porcelain-
housed distribution arresters are hardly available these days. In transmission, d) oumments
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share of polymer-housed arresters is smaller, but with increasing tendency. A variety of
different designs has been developed especially for distribution arresters, but all existing
designs can be assigned to one of only few basic design principles that are listed below [49].
It should be noted that, from a mechanical point of view, IEC 60099-4 considers any design of
an arrester that uses a pure epoxy-resin housing as a porcelain-housed arrester, because
epoxy resin is a brittle material and will, without doubt, mechanically behave like a porcelain
housing.

"Tube design": This is an arrester using a housing with an intended included gas volume
(similar to a porcelain housing). It must consequently have a sealing and a pressure relief
system. The housing is usually a non-ceramic composite housing, formed e.g. from a tube of
fibre glass reinforced plastic (FRP), covered by outer weather sheds. The outer weather
sheds may be directly moulded to the tube or drawn as individual parts in different possible
processes. The internal design and surrounding medium in these arresie ally similar
to porcelain-housed arresters.

All other existing designs use housings which are directly applig
elements, without an intended gas volume included.

FRP structure. This may be implemented by epo . glass rovings or pre-
impregnated mats or bands that are wound around the i ack and then cured in an
oven. The resulting tube, surrounding the yaxistop’ ¢ be completely closed
(sometimes with prepared weakened™a g of the housing under
overload conditions) or have some\ope i . ap may also consist of a
prefabricated FRP tube which is pushed i Q { resistor elements, and where
the gap between MO resistors and FRE-tube is ad by some elastic material.

"Cage design": The stack cfamped by FRP loops or rods or bands
at extremely high mecha . TheYWO resistor elements themselves thus act
as part of the mechanjsally supporting stru and the FRP elements form an open cage.

Additional bands may| b his cage of FRP elements in order to increase
mechanical stre i orixcirguit performance. The outer weather sheds have
to be directly mo ¢ syally making use of silicone rubber.

adopted by IEC 60099-4, in order to classify designs with
regard to diff the short-circuit tests. During short-circuit testing, it makes a
differencen of" behaviour of a closed housing with included gas volume shall
be veriffed X ircuit performance of a housing directly attached to the MO resistor
stack. Thesetwo\basic ign principles require different approaches in testing. For instance,
in order to reflest worst case conditions, in the first case an internal arc has to be initiated by
melting a fuse wireNgcated in parallel to the varistor stack and thus representing an internal
flashover, whereas in the latter case only energetic overloading (by application of excess
voltage) of the arrester will result in a representative failure scenario, as it may not be
excluded that individual failed MO resistor elements will break and thus mechanically damage
the housing. Therefore, the following has been introduced to IEC 60099-4 with regard to
short-circuit performance:

S G

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

“Design B” arresters 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.

Notes in IEC 60099-4 give further explanation:
Documents
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"Typically, 'Design A' arresters are porcelain-housed arresters, or polymer-housed arresters
with a composite hollow insulator which are equipped either with pressure relief devices, or
with prefabricated weak spots in the composite housing which burst or flip open at a specified
pressure, thereby decreasing the internal pressure."

"Typically, 'Design B' arresters 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 arrester. This arc causes heavy evaporation and possibly burning of the housing and/or
internal material. These arresters’ 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 a
violent shattering."

gas volume is much higher than in the solid material, and "Design B"
higher probability of failure initiated in the solid material. This classj
regard to test requirements, though many cases will remain wheré
both designs will be problematical, but it is not possible to diffe
different makes of actual arresters on the market. Thus both
co-exist.

temperature vulcamzmg) HTV (hig
rubber). These are only generic na svexist. In most cases, these
polymeric materials are doped by chemj 3 such as ATH (aluminium tri-
hydrate) in order to provide sufficien i nvironmental impact. Most important

and LSR (liquid silicone

and tracking and erosion i e. I eforejimportant and required in IEC 60099-4 that
all polymer-housed arrg itt s are exppsed to a weather aging test as part of the
type tests.

The performanc@ g S of”"a polymer-housed arrester without included gas

arfesters the user should be aware that, different from
on deS|gns of extremely high mechamcal strength may be

One different variant of polymer-housed arresters are series-parallel connected designs [48].
These are made up~e.g. from distribution system modules, connected in series to meet the
required voltage rating and in parallel to meet energy handling and protection level
requirements. IEC 60099-4 is not well-prepared to cover all particular aspects of this design
(e.g. with regard to short-circuit and mechanical testing), and the user must therefore be
aware that the performance of the completely assembled device may deviate from the
performance verified in type tests on the individual modules only.

5.2.2.4 Gas-insulated metal enclosed arresters (GIS arresters)

Gas-insulated metal enclosed arresters (GIS arresters) are arresters, which can be directly
connected to a GIS. Their metal enclosure is usually made from aluminium or steel. As the
interfaces of the gas compartments are manufacturer specific and not standardized, the same
applies to the GIS arresters. Therefore, GIS manufacturers usually have their own GIS
arrester designs. But with the help of adaptor flanges it is basically possible, though not very
common, to connect any GIS arrester to any GIS on the market.
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GIS arrester designs may first of all be distinguished by the number of phases in one common
metal enclosure. For system voltages 170 kV and below, three-phase designs are common.
For higher system voltages, one-phase designs are usually applied.

GIS arresters more than AIS arresters are exposed to the strong influence of earth
capacitances affecting the MO resistor column and leading to an extremely non-uniform
voltage distribution along the active part if no countermeasures are taken. The internal
voltage grading system is therefore more complex than the grading ring system of AIS
arresters. Furthermore, for system voltages above 170 kV the internal design of the active
part is a mechanically staggered three-column arrangement but electrically a one-column
design, the purpose being to reduce the geometrical length of the stack (Figure 1). Insulating
plates of extremely high electric strength have to be applied in order to msulate the layers of
MO resistors from each other. These arresters require special dielectri stand tests in
11.8.2.5 of IEC 60099-4:2009.

MO resistor stack(s)

Floor separation insulators

K
1
2
3
4
5
6

Figure 1 — GIS arresters of three mechanical/one electrical column (middle)
and one column (left) design and current path of the three mechanical/one
electrical column design (right)

Metal enclosure (tank)

Recent developments have been that, even for EHV systems, arresters of mechanical and
electrical single column design are used, which make use of high voltage gradient MO
resistors (i.e. MO resistors of more "volts per millimetre length"), and UHV arresters with
extremely low protection levels by connecting four MO resistor columns electrically in parallel,
leading to a staggered active part of twelve parallel MO columns.

In general, the requirements on insulation strength are the same as for AIS arresters (LIWV =

1,3 times Uy, SIWV = 1,25 times U,s, ACWV = 1,06 times U,) though there is 3 o¢seIffients
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any atmospheric correction: the gas density inside the enclosure remains always the same as
long as there is no gas leakage. This is justified by a demand for higher safety margins,
because a dielectric failure of a GIS would have much more severe consequences (power arc
inside the metal enclosure). For three-phase designs, the phase-to-phase withstand voltages
have also to be verified.

The coaxial cylinder configuration is the reason for a much lower self inductance of a GIS
arrester compared to an AIS arrester. Typically, for GIS arresters a value of 0,3 pH/m length
is assumed, while the value for AIS arresters is 1 uH/m (see also Annex C). Therefore, the
protection level of a GIS arrester under steep current impulse stress is lower than that of a
comparable AIS arrester.

If a GIS arrester uses metal enclosures that have been tested according fo IES 62271-200 or
62271-203 and if it has no additional internal pressure relief system, 5 ircuit test has
to be performed during type tests. Otherwise, the internal pressure
tested in a short-circuit test.

[51] [52].

5.2.2.5 Separable and deadfront a

Separable arres tured in either insulated (polymeric) or screened
(metallic or electriga s eric) housings. In all cases, they are dead-break
arresters, which the wower/system has to be de-energized before the arrester may

be connected e.useof separable arresters is common in Europe.
Deadfrop netimes called elbow arresters, common in the USA, always have
shielded as_shown in Figure 2. They are usually installed in underground and

'st bution
i.e. they can be installg

quipment and circuits, and they are always of the load-break type,
d and removed under voltage.

g IEC
Figure 2 — Typical deadfront arrester Documents
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The requirements on insulation withstand are different from those of standard AIS arresters,
and they are different for designs with insulating or shielded/screened housings. The
requirements arise from those of IEC 60071 and IEC 60694 in case of unscreened separable
arresters and from IEEE C62.11 in case of screened separable and dead-front arresters (see
12.8.2 of IEC 60099-4:2009).

Further requirements different from those on standard AIS arresters apply for the short-circuit
behaviour and related test conditions and evaluation. The user should be aware that
separable and dead-front arresters may in case of overload eject arrester parts through the
body of the housing by release of a bottom cap or through other parts specifically designed
for this purpose. The method of installation should take this possibility into account.

5.2.2.6 Liquid immersed arresters

Although [EC 60099-4 addresses arresters in insulation

quantities in the USA since 1980 and in Japan since 1985.
technology has not generally been accepted and adopted.

Only arresters which directly protect the transformér wi g { which are therefore

permanently stressed by the operating voltage arg co andard, but not, for
example, MO resistor elements that protect tap ch

Advantages of liquid immersed arresiers\are ze@p otective performance as the
arrester is installed as close as possibl e ) hws avoiding separation effects due

to travelling wave phenomena, ang S protection of the arrester from the
environment.

accelerated aging test € i test) has to be performed for 7 000 hours
(this time may be reducedto s QOO0 hours after agreement between manufacturer
and user), whi@ « > i

1 000 hours test

IEC 60099-4:2009 fo

either “fail-op 3 but it has to be realized that a fail-open design arrester will
not alwa iNi Y it mode for fault currents below its fail-open rating, and that a
fail-shor S yill not always fail in a short-circuit mode for actual fault currents
above its fa ating< Also, the term “fail-open” should not be taken as implying that the

arrester will break ircuit. It only means that, after other devices have cleared the fault, a
fail-open arrester affows re-energization of the protected equipment with of course no
overvoltage protection. The two basically different approaches of short-circuit behaviour
require test procedures and evaluation criteria different from those of all other arrester
designs (see 13.8.7 of IEC 60099-4:2009). [53], [54]

5.2.2.7 Electrical and mechanical characteristic data
5.2.2.71 General

Basic electrical characteristics of metal-oxide surge arresters are the continuous operating
voltage, the rated voltage, the nominal discharge current and the residual voltages at nominal
discharge current, at switching impulse current and at steep front current, see Figure 15. For
given continuous operating and rated voltages, different types of arresters, and therefore
different protection levels, exist. Further characteristics which have to be considered in a
particular application are line discharge class, rated short-circuit current and pollution
withstand capability. Mechanical characteristic data are the specified long-term load and the

specified short-term load. Documents
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5.2.2.7.2 Continuous operating voltage, U,

The continuous operating voltage U, is the maximum permissible value of a sinusoidal power
frequency voltage, which may be continuously applied between the arrester terminals. The
continuous operating voltage of the complete arrester may be lower per section than that used
in the operating duty test, for the ageing procedure, and for verifying thermal stability. The
lower continuous operating voltage may be due to the pollution strength of the arrester
housing or to large non-linearities in the voltage distribution along the MO resistor stack due
to less effective grading caused by proximity effects of other objects. Smaller grading rings
and proximity to earthed objects are other reasons.

5.2.2.7.3 Rated voltage, U,

The rated voltage U, is the maximum power frequency voltage that is applied imthe operating
duty test for ten seconds (see 8.5 of IEC 60099-4:2009). It is, furtfe e_reference
parameter to establish the power frequency voltage versus time ch teristi arrester,
and for defining the test requirements for the line discharge test.

Standard rated voltages are defined in steps of 1 to 24 k \a ordm 00099-4:20009,

5.2.2.7.4 Nominal discharge current, [,

The nominal discharge current / is us assification. Five standard
nominal discharge currents exist acc ) able 1, with an increasing
number indicating increased duties and requirs » (1 00 A/2 500 A, 5 000 A, 10 000 A,
20 000 A). Though the IEC standard giyes S it is common practice to specify
the nominal discharge current in kA (i ' 5 kA, 10 kA, 20 kA). The nominal
discharge current is the i & the “protective characteristics and the energy

insulation coordination
5.2.2.7.5 Prc{:;ti :

The lightning impsg s L (according to IEC 60071-1) or Uy (according to
um residual voltage at nominal d|scharge current. It

is applicable to tKe pxote ipment from fast-front overvoltages.

The switching i ctive level, SIPL or U, is the maximum residual voltage at the

For the protectionpgrformance of metal-oxide surge arresters for very-fast-front overvoltages
the residual voltage is tested in the steep current impulse test.

5.2.2.7.6 Line discharge (LD) class

A number related to the energy absorption capability of 10 kA and 20 kA arresters for the
discharge of long transmission lines. Five classes exist according to IEC 60099-4:2009,
Table 5, with an increasing number indicating increased energy absorption capability.
Required energies for UHV arresters may not be covered by existing LD classes.

For arresters with LD class 2 and above, the resulting discharge current is used in the
operating duty test to verify thermal stability after energy absorption. System events causing
arrester currents with different shapes may be evaluated by comparison with energy and
current of an equivalent line discharge. However, energy handling capability of an arrester is
not a fixed value but depends on current density and time duration of the energy injection. In
general, energy handling capability increases with higher current densities and shorter time
durations. This matter is still under investigation [38] [41] [55].
Documents
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NOTE A change of energy classification system is under consideration for IEC 60099-4:2009.
5.2.2.7.7 Rated short-circuit current, /

The rated short-circuit current /g is an internal fault current after failure of the arrester's active
part which the arrester is able to withstand for 200 ms without violent shattering of the
housing and risk of maintaining fire. In the short-circuit type test, also the short-circuit
performance at lower currents, approximately 50 % and 25 % of the rated short-circuit current,
as well as at a current of only 600 A for one second has to be verified. The reason for testing
also at lower currents is that due to the design lower currents may be more critical. This is in
particular the case for long units of porcelain-housed arresters.

5.2.2.7.8 Pollution withstand characteristics

The pollution withstand capability of an arrester concerns three aspect

series.

b) The arrester has to withstand the possible tempera
changes in voltage distribution caused by the pog > surface of the

the frequency and

@lain>houséd arresters is given in
ters no similar test procedure

For arresters with ke Tong term performance and resistance to
environmental impa pi, rain, electrical surface discharges and solar
(UV) radiation has t “weather aging test”. This test may be either a

1 000 hours salt fog ies/A”) or a 5 000 hours cyclic test (named “series B”).

impact (punctixe of the housing, internal partial discharges) from the radial field stress that
may be imposed™k e permanently changing potential distribution on the housing. This
requirement may be in conflict with available test possibilities, because only few laboratories
will be able to perform such a 5 000 hours cyclic test on a high-voltage arrester unit.
Therefore, if a user requires the 5 000 hours cyclic test on a high-voltage arrester, the
standard allows performance of this test on a short arrester section, and the 1 000 hours salt
fog test has then to be performed on the longest electrical unit of the design in addition.

5.2.2.7.10 Specified long-term load, SLL

The specified long-term load SLL is a force perpendicular to the longitudinal axis of an
arrester, allowed to be continuously applied during service without causing any mechanical
damage to the arrester. It can be given in terms of force (in N) or bending moment (in Nm);
where in the latter case the related force can be calculated by dividing the bending moment
value with the arrester length (in m). For high-voltage polymer-housed arresters, the SLL is
verified by a cyclic load test, followed by evaluation tests that include a leakage seal test
(water immersion test) against moisture ingress. Short arresters, i.e. arresters for system
voltages not exceeding 52 kV, do not need to be type tested in a cyclic manner but by a
simple bending test. The same applies to porcelain-housed arresters in general, wid@guemaents
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the fact that they are not deflected under mechanical loads a simple bending test is
considered sufficient as well.

5.2.2.7.11 Specified short-term load, SSL

The specified short-term load SSL is the greatest force perpendicular to the longitudinal axis
of an arrester, allowed to be applied during service for short periods and for relatively rare
events (for example, short-circuit current loads or extreme wind guts) without causing any
mechanical damage to the arrester. As for the SLL, it is given in terms of force (in N) or
bending moment (in Nm). The SSL is a load that the arrester could be subjected to even after
many years in service, which is taken into consideration by the related type test procedure
(the SSL test follows the SLL test). It is important to note that SSL does not cover any seismic
loads which may require much higher SSL values than usually applied normal service
conditions and which therefore need special consideration by tests @ ig to IEC/TR
62271-300.

5.2.3 Metal-oxide surge arresters with internal series gaps.ace
IEC 60099-6

5.2.3.1 General

porcelain or polymeric housings.

5.2.3.2 Different types and desig

IEC 60099-6 covers series gapped MO surge axres Figure 3 shows an example of this
design. The internally series gap desig i s since the late 1970s in Japan and
USA. The internally gappgd arresters a arrester that combines the characteristics of

Series/parallel gapped
arrester

T
\_/
| -
(@)]
L E =
Ga v | O MO
p : S : Gap v
: A
: O
......... : ) |
MO MO

IEC
Figure 3 — Internally gapped metal-oxide surge arrester designs

The internally gapped MO arrester has two basic components as shown in Figurep?twents
resistor part(s) and the gap. The MO resistor part is a non-linear MO resis.cr stack. 1t has
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roughly the same characteristics as a standard MO arrester. The gap is generally an air gap
in series with the varistor stack and sometimes in parallel with grading elements or another
MO resistor part. The gap section may be a single unit, or several units. This is the same for
the MO resistor part, it may be a single MO resistor element or a plurality of such elements.

Each component of the series gapped MO arrester is significantly different from the earlier
gapped SiC arresters. In the earlier generation SiC arrester designs, the gap section
functioned as the switch that turned on at the moment of the surge, and turned off when the
voltage across the gap was near zero. The gap was used for both turning the arrester on and
turning it off in a sense. The gap of the series gapped MO arrester is used only for initiating
an operation, but not for ending it. The MO resistor part has assumed the function of ending
the surge operation of this design. Due to the extreme nonlinear characteristic of the MO
element there is no follow current through the arrester and gaps, as there was with the
silicone carbide gapped arrester. The elimination of follow curren i
degradation of the gaps.

Because the internal gap withstands most of the voltage acro e i all), the

arrester The MO resistor element voltage need only be p 2 { ilNts function to

less MO material.

5.2.3.3 Electrical and mechanicé

5.2.3.3.1 Rated voltage and contipuous ope

i act ated’voltage (U,) of arresters tested and
designed according to IEC 60099 s.derived_by the 'same means as U, for arresters tested

derived by the same . =Ye |dent|cal in definition and usage as an MO

arrester without gaps i tested\per IEC 60099-4.
5.2.3.3.2 Arre:t S 3 ; .

The protective characteristics of arresters designed and tested according to IEC 60099-6 are
as follows:

a) residual voltage for steep current impulse and front-of-wave sparkover according to 7.3.2
and 7.3.6.2 of IEC 60099-6:2002;

b) residual voltage versus discharge current characteristic for lightning impulses and the
1,2/50 impulse sparkover according to 7.3.3 and 7.3.7.2 of IEC 60099-6:2002;

c) residual voltage for switching impulse and the switching impulse sparkover according to
7.3.4 and 7.3.8.2 of IEC 60099-6:2002.

In all cases, the higher of the two values is reported as the protective characteristic. This
maximum value has to be used in the insulation coordination procedure. The insulation
coordination must also take into account a larger spread in the protection level for this type of
arresters, due to the sparkover of the gaps.

Documents
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5.2.3.3.4 Temporary overvoltage considerations

The temporary overvoltage (TOV) characteristics of arresters designed and tested per
IEC 60099-6 can be considered in the same manner as arresters designed and tested per
IEC 60099-4.

5.2.4 Externally gapped line arresters (EGLA) according to IEC 60099-8:2011
5.2.41 Different types and designs

The purpose of most line surge arresters (LSA) is to prevent insulator flashovers due to direct
lightning strikes to the conductor of an unshielded line, by a shielding failure of a shielded line
or due to back flashovers [15], [58], [59], [62]. Main distinguishing featur f line arresters,
which are in all cases MO arresters today, are

— gapped or gapless;
— porcelain-housed or polymer-housed;
— for distribution or for transmission line application;

— for lightning and/or for switching overvoltage protectio

Vhile the externally

Insulator assembly (insulator
assembly, w/wo arcing horns or
grading elements)

Series varistor uﬁ'{

Externdl seriesygap >
(witho instlator P<
in paralle )/\

re 4\- Components of an EGLA acc. to IEC 60099-8

Conductor

IEC

An EGLA consis series varistor unit (SVU) and an external series gap, as shown in
Figure 4, where one”electrode is installed on one end of the SVU and the other electrode is
fixed to the line insulator. Another solution is to put the electrodes of the external gap across
an insulator in series with the SVU, but this design is not covered by IEC 60099-8.

5.2.4.2 Electrical and mechanical characteristic data
5.2.4.21 General

EGLA protect only against the impact of lightning overvoltages, therefore, the following issues
relevant to gapless station arresters or line arresters against the effects of switching
overvoltages are not relevant for EGLA:

residual voltage at switching impulse current;

thermal stability;

long duration current impulse withstand duty;

power-frequency voltage vs. time characteristics; Documents
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— ageing duties by power-frequency voltage.

EGLA do not have operating duties for slow-front surges and power-frequency overvoltages.
Therefore, they need not and cannot be classified by energy handling characteristics. The
classification is exclusively based on the nominal discharge current and the high-current
impulse withstand capability. As there is a long tradition in EGLA application in Japan,
IEC 60099-8 includes two classification systems: Series "X" (ranging from "X1" to "X4") and
Series "Y" (ranging from "Y1" to "Y4") arresters. The first should preferably be used for new
applications, the latter takes the Japanese practice into consideration. As a particularity, for
the "Y" series both the nominal discharge current and the high current impulse have a current
shape 2/20, which is calculated as a typical shielding failure current in shielded transmission
lines and has been agreed as a common practice in Japan.

rated short-circuit current.

The mechanical characteristic data are subject to agrée
purchaser. As a minimum requirement, the EGLA
loads expected in service.

The following subclauses address the

5.2.4.2.2 Rated voltage, U,

higher than the maximu
intended installation.
specification of operati

5.2.4.2.3 EG@ :

which may be "X" or "Y". Within each series, there are
to "Y4", respectively. Each sub-class stands for a
scharge current and the high current impulse withstand. The

The lightning dischapde current was introduced especially to test line arresters and is also
specified in Annex N of IEC 60099-4:2009. The current wave shape is approximately
sinusoidal with a time duration of 200 to 230 us, which results in a current wave shape of
about 90/200 ps. Eighteen impulses have to be injected to each test sample (single MO
resistor elements in still air) during the type test, making the test a durability test. The
lightning discharge capability of the EGLA is specified by three different parameters:

— current peak value in kA,

— energy handling capability in kJ/kV of U,,
— charge transfer capability in C (this value has to appear on the EGLA nameplate).

5.2.4.2.5 Insulation withstand

An external series gap normally isolates SVU from the line and sparks over only when
lightning overvoltages occur. Therefore the external series gap shall withstand temporary
overvoltages and slow-front overvoltages (earth-fault overvoltages, energization and re-
energization overvoltages etc.) in the line and the SVU shall withstand its resida@gt@ients
when lightning current flows after sparkover of the external series gap. Thz gap | [
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be designed on condition that the SVU has failed and is shorted and all of the overvoltages
are applied to the external series gap.

5.2.4.2.6 Co-ordination between insulator withstand and EGLA protective level

The correct coordination between flashover characteristics of the insulator assembly, the
sparkover voltage of the EGLA with front-of-wave and standard lightning impulses and the
residual voltage of the EGLA at nominal discharge current has to be demonstrated either in a
type test (with a "generic" gap assembly) or in an acceptance test (with the spark gap and
insulator assembly specific for the intended application). Any sparkover operation for lightning
impulse voltage must occur in the external series gap, without causing any flashover of the
insulator assembly to be protected. Two different approaches for verification are allowed: the
demonstration may be performed either as a type test, without the insul assembly, or as

coordination with the insulator assembly is performed by statistical ér case,
correct operation of the configuration (reliable sparkover of 3 lashover of the
insulator assembly) comes out directly, and only safety margi ] d By statistical

means.

Switching impulse wet withstand tests and power ystand tests must be
performed W|th the SVU shortened to determine the in gap length for which no
i flashovers are across the

The follow current interruptjon operatio oGL npder wet and under polluted conditions
is required to be demonstfated i S Qr acceptance test. In real service, no flash-over
of the SVU surface i llow clirfent in the external series gap must be
reliably interrupted.

IEC 60099-8 sp shes for a "follow current interrupting test", named

"Test method A" ‘ap S ¢ If the pollution severity on site is "Very heavy”
according to the déf¥| in 1§ 60815, "Test method B" shall be applied. Otherwise, the

in case the full line-to-earth voltage is applied to its terminals.
"Test method B" is a test under artificial pollution conditions.

For both methods, the test setup is energized at power-frequency voltage equal to the EGLA
rated voltage, and then five sparkovers at each polarity are initiated by lightning impulse
voltage application. The developing follow current is required to be interrupted within the first
half cycle of the power-frequency during each of the ten operations, and no further sparkover
shall occur in any subsequent half cycle.

5.2.4.2.8 Rated short-circuit current, /g

In the type test, basically the short-circuit test procedure of IEC 60099-4 applies. It is up to
the manufacturer if the test samples are mounted standing upright or hanging (according to
the intended installation). It is noted — but not required — that special mechanical requirements
after the test may apply, e.g. that the SVU remains mechanically intact and can bgqaments
removed by its top end. A problem, also for other tests on EGLA, is that the sperk
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SVU are independent devices, and that the gap may be of many different designs for each
individual application. Therefore, the gap is not included in the short-circuit test, but has to be
tested elsewhere.

Short-circuit tests according to IEC 60099-8 allow arresters to fall apart as long as the pieces
fall within specific areas below. This allowance in the present standards should be noted as
for many areas below a transmission or distribution line the public have access. It should also
be noted that a failed SVU of an EGLA may be exposed to several short-circuit current events
before it is exchanged as this will occur for every sparkover of the gap thereafter.

5.2.4.2.9 Mechanical performance

As for station arresters, specified long-term load (SLL) and a specified sphort-term load (SSL)
shall be specified. Besides the mechanical tests as per IEC 60099-4, an additional vibration
test has been introduced to IEC 60099-8. Basic requirement is
oscillations of 1 x g at the arrester top terminal. It is also mentione
should also be performed on the gap assembly.

5.3 Installation considerations for arresters

5.3.1 High-voltage station arresters

5.3.1.1 Installation considerations

An arrester, compared with other eq e gentially a simple device. In
fact, there are not too many requirements r on\{ransportation, storage and erection
of an arrester. However, d” that an arrester with all its
accessories such as grading and coronfa ri covers or insulating base, contains semi
conducting, highly non-line are continuously connected to the
line for the full arresterg lifetime. been very carefully optimized by the
manufacturer for a good q able operation under continuous operating
voltage and environmeg and low protection levels and high energy

omitted or as it is essential to read and follow the

handling capability o Qr. is\balaqnce is easily disturbed if any accessories are
manufacturer's in@i

The precautions f e_manufacturer for transportation and storage should strictly
be followed. s ain-housed arresters are usually very sensitive to transportation
stress, whic \ he highest mechanical stress during an arrester's lifetime. In

For polymer-heused arresters it is particularly important to ensure a controlled climate during
storage. Biological_growth, e.g. of moss and fungi, on the housing may be initiated or
supported if the arresters are stored in the wrapping enclosure as used for transportation. The
manufacturer usually gives clear instructions if the transportation enclosure shall be removed
for storage or not.

Multi-unit arresters are usually delivered in individual units, which need to be assembled
during erection on site. Again, it is important here to follow the manufacturer's mounting
instructions. The units need to be assembled strictly in the correct order as they may have
different voltage ratings and housing lengths. A wrong arrangement may cause e.g. external
flashovers to the intermediate flanges or poor performance in polluted environment. If straps
are used in order to lift the units care must be taken not to damage the insulating sheds in
case of polymer-housed arresters.

Some types of surge arresters (usually porcelain-housed or polymer-housed arresters of "tube
design") require mounting of metallic top cover plates and intermediate plates between the
individual units. If these plates are left out the short-circuit (pressure relief) performance of

the complete arrester may be affected.
Documents
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Beginning with a height of about 1,5 m to 2 m, MO surge arresters are equipped with grading
rings. These rings serve for continuous operating voltage grading along the arrester axis. As a
matter of course, these rings should not be omitted. It is also important that rings of exactly
those dimensions as specified by the manufacturer are used. The number of rings, their
diameter and the length of their supporting struts are carefully optimized with respect to
voltage and temperature distribution within the arrester. Leaving out the grading rings or using
such of wrong dimensions may lead to a complete failure of the arrester within short time.

Usually the highest stress due to uneven voltage distribution along the arrester, caused by
earth capacitances, occurs when the arrester is erected directly on the ground. The delivered
grading rings are dimensioned in order to handle this worst case situation. In addition, if the
arrester is installed on top of a pedestal, which reduces the impact of earth capacitances, the
grading rings must not be omitted or changed. For further details o Rijs subject see
IEC 60099-4:2009, Annex L.

mounted on top of the arrester in order to electri
serve to limit corona effects and the f :

during assembly not to mix up gradin
dimensions. Figure 5 shows examples
rings.

Figure 5 — Examples of UHV and HV arresters with grading and corona rings

The manufacturer also gives clear instructions on the possible mounting positions of the
arrester (standing upright, suspended, inclined). In a suspended installation the orientation of
the weather sheds shall not be changed, i.e. the upper surface of the sheds shall be directed
upwards. Similar considerations with regard to orientation of the weather sheds apply for
mounting the arrester at a certain angle (if this is allowed by the manufacturer).

When mounted suspended from an earthed structure the functions of arrester top and base
are exchanged: the top flange is earthed, and the base acts as high-voltage terminal. In this
case the grading rings must be connected to the base (i.e. the high-voltage twmrhents
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however, the arrester is suspended from a line conductor, the top terminal is the high-voltage
terminal, and the arrester is installed as on a pedestal. Figure 6 gives examples for different
kinds of installations. As aforementioned, the individual units of an arrester may have different
voltage ratings and therefore have to be assembled in a predefined order from bottom to top,
or, more precisely, from the earthed to the live end. In a suspended installation this order
might thus be affected as the bottom flange represents the high-voltage terminal and the top
flange is the earthed end. It should be carefully checked from the data sheet or the installation
instruction if suspended installation is generally allowed or not, or whether it is allowed only if
changes in the order of the individual units are applied. Usually, for that reason, intended
installation other than standing upright should be specified at the time when the arrester is
ordered. If there is any doubt during erection on site, the manufacturer should be contacted.

i % IEC

of arrester mounted on a pedestal (left),
an earthed steel structure (middie)

R

QXXX XX

If the arrester SN ted with an insulating base in order to allow connection of monitoring
devices (such.as couyntefs or leakage current indicators) the insulating base must not be
short-circuited in~the pew as well as in aged condition. This implies the need for occasional
cleaning during service life. Although a short-circuited or bypassed insulating base will not
affect the arrester's function this may lead to a malfunction of the connected monitoring
devices.

If the arrester is equipped with pressure relief devices and vents (which usually is the case
with porcelain-housed or polymer-housed arresters of the "tube design") the position of the
vents should be carefully chosen. First of all, personnel have to be protected. A good
compromise should be found to protect primarily people but also valuable equipment from the
impact of a burning arc in case of pressure relief. It is important to mention that not only the
direction of the venting outlet but moreover the direction of the acting electrodynamic
(Lorentz) forces caused by the short-circuit current will decide on which way the burning arc is
travelling. In this sense also the arrester itself should be protected from direct contact with the
arc in order to avoid possible thermal breaking (in case of porcelain) or burning (in case of
polymer) of its housing and thus to minimize damage after failure.
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5.3.1.2 Separation distance and protective zone

Due to their possible high rate-of-rise, travelling wave effects between arrester and equipment
cannot be neglected for fast-front overvoltages (they do not play a role for slow-front
overvoltages). Generally, fast-front overvoltages at the protected equipment are expected to
be higher than the arrester residual voltage. The overvoltage at an open terminal with a high
surge impedance will rise with two times the steepness of the original surge until, after two
travelling times of the surge from the arrester to the apparatus terminal, the arrester will
effectively reduce the voltage. A damped oscillation having an amplitude of up to two times
the arrester's lightning impulse protective level U, and a cycle time of four times the travelling
time from the arrester to the apparatus will be tﬁe result. The shorter the travelling distance
is, the lower the amplitude of the resulting overvoltage. Therefore, it is always good practice
to minimize separation distances between arrester and major equipment—Sometimes, it is
possible to protect more than one apparatus with a single arrester inst provided that
rates of rise can be limited as in the case where both the station g ad lines are
adequately shielded.

Insulation coordination and arrester selection are further discu

5.3.1.3 Connecting leads

iSsue is particularly sensitive for
portant to keep these lead lengths
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The leads shall be ratedMor the currént\ddring discharge operation and for short-
circuit conditions (kA imexdwation). The leads should see only a few mA of
leakage current during stead dittqns. The connecting lead cable and termination
shall be adequa associated with the rated short circuit current.
Any fixings shal 2 B the ‘mechanical duty necessary to meet the above,
especially if used in@n In inchned from vertical applications.

5.3.1.4

As a gen érs should be located as close as possible to the equipment to
be protected to exsure effective overvoltage protection. The length of HV and earth
connection e short and as straight as practical in order to minimise the loop

earth leads, toget ith the connection points, should be rated to withstand both the high-
magnitude surge currents as well as short circuit current in the event of a flashover at the
arrester or equipment location. A low earth impedance electrode is required to dissipate
safely the high magnitude current into the earth.

The earth side of the arrester is connected to the substation earth. Figures 8 and 9 illustrate
the difference between transmission and distribution models. The earth mat is the reference
point for the effective protective voltage level. It is also the point at which the arrester will
channel current into the mat quickly to provide overvoltage control.
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Key
U incoming surge voltage

d length of conductor between transformer busing
and point of connection of arrester line lead

length of arrester line lead

A arrester

Figure 8 — Installations without e butioh“systems)
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Key
u incoming surge v e da height of arrester
d length of conductor between transformer busing do length of arrester ground lead
and point of connection of arrester line lead

dq length of arrester line lead Z grounding impedance
A arrester T transformer

Figure 9 — Installations with earth-mat (high-voltage substations)

The connection between the arrester and the equipment necessitating protection should be
kept as short as possible to minimise voltage drop due to conductor impedance to fast-front
overvoltages. Furthermore, a loop in the earthing connection may cause flashovers of the
arresters insulating base, which usually withstands only a few kilovolts. While direct
connection to the equipment (e.g. transformer tank) is effective, due consideration needs to
be given to the conduction path of high frequency current through the tank. This could cause
potential rise problems else where and introduce safety risks.
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For inverted or under hung arresters the earth connection can be very long, with lengths over
20 m. This shall be taken into account when establishing the design protective margin.

The earthing effectiveness will affect the protection provided by the arrester. Therefore if the
earth system is not solidly earthed, the margin offered for fast-front overvoltages needs to be
considered through a study.

In high voltage systems, in particular, Ug > 245 kV, it is usually difficult to locate the arresters
very close to the equipment. However, every effort shall be made to reduce the separation
distance between the arrester and equipment. As a general rule, and for effective overvoltage
protection, the separation distance should always be less than 10 m. Common practical
separation distances are on average 3 to 5 m, which results in difficulties to establish a direct
short connection between the arrester base and the earth terminal of the eguipment to be
protected. Under such circumstances the arrester is connected to thg"“substatio earth grid
and effectively bonded to the equipment through the grid. However,
low impedance earth connection at these locations, the overvoltag
arrester could be impaired, and high earth potentials couis
connections close to the surge arrester itself and at the equip t i passage of
high magnitude, fast-front surge.

surge current dissipation and reduce
oY’ practical, buried horizontal-conductor
distance is relatively long, the earthing
the high voltage connection between the
& loop inductance.

: = 400 N up to and including Ug =
= 550 kV and Fg,; = 800 N for Ug = 800 kV (Fg, corresponds
to SLL accor' to NEC 60099-4). These values represent absolute minimum requirements
assuming that the arfester is connected by strain relieving conductor loops and a wind
velocity of 34 m/s (= 120 km/h) is not exceeded, which according to IEC 60099-4 belongs to
the "normal service conditions". Regarding forces imposed by wind loads, IEC 60099-4:2009
gives guidance for calculation in its Annex M.5.

Besides the static cantilever loads, which normally cause the arrester few problems, dynamic
requirements must also be considered. These can, for example, occur as a result of short-
circuit currents on the line, or of gusting winds. In this case arresters with porcelain housing
can, because of the brittle properties and statistical behaviour of the porcelain, be strained at
only up to 40 % of its dynamic strength. The specified permissible dynamic head loads (SSL
according to IEC 60099-4) should prove, on the other hand, to have at least a 20 % safety
margin to the mean value of the actual breaking values (MBL according to IEC 60099-4),
ascertained during tests. The cantilever load values mentioned above are accordingly
expanded upon in Table 1.
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Table 1 — Minimum mechanical requirements (for porcelain-housed arresters)

Highest system voltage Fmin’ static (N) Fmin’ dynamic (N) Minimum breaking value
U, (kV) ("SLL") ("SSL™) (mean value) ("MBL") (N)

<420 400 1 000 1200

550 600 1500 1800

800 800 2 000 2 400

Sometimes, mechanical strength is given in terms of cantilever strength. In a 420 kV-system,
for instance, where the arrester height is about 3,5 m, the resulting required_static cantilever
strength is 1,4 KNm. In a 170-kV-system the arrester height is typically (1,7 and thus the
minimum required static cantilever strength is 680 Nm.

cast resin housing, which has brittle characteristics similar to i nd thus, is
considered in exactly the same manner) diverges less in its > teri

as well as for polymer-housed arresters.

Porcelain and cast resin WXcept cast resin)
housings 4 housings
Mean value of breaking load (
(MBL)

Specified short-term load 10N o
(SSL) 100 %

[

Specified long-term load _

IEC
Figure 10 — Definition of mechanical loads according to IEC 60099-4

Polymer housings, in contrast to porcelain housings, are visibly deflected under the influence
of mechanical forces. Generally, this is not a consideration, however, in those cases in which
this sort of behaviour would cause problems, choosing a mechanically stiffer housing must be
considered, which will be less strained under the loads occurring here, and thus be less
deflected.

In particular for polymer-housed arresters, an installation different from the classwﬁééum t
upright" base mounted position may be an option, e.g. suspended mounting of t ents
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requires only a minimum of mechanical strength of the arrester. However in such a case the
whole construction shall be prepared to carry the weight of the arrester, which is often not the
case for existing installations. These mounting alternatives shall therefore be considered just
in the planning phase.

5.3.2 Distribution arresters
5.3.21 General considerations
The manufacturer should give clear instructions about the assembly and installation,

maintenance, transport, storage and disposal of MO arresters, found in the operating
instructions (manual) provided by the manufacturer.

overstressed. They are generally placed on the earth he arrester.
Disconnectors should both isolate the arresters from ea the same time
indicate a faulty arrester that should be replaced. The i be flexible and it
is necessary to have sufficient insulation distarice so that the
disconnected earth connection can hang freely, plied per ng voltage that occurs
at the foot of the arrester does not lead o spark S

The purpose of disconnectors is to sed /arresters from leading to a
permanent short circuit resulting in 3 - . It is thus possible to provide

continuous energy supply without prolonged\inte i . This is obviously an advantage in
inaccessible areas or if the\failed rreter S
that there is no overvolta§e p i s long-as \he

gquickly replaced. The disadvantage is
arrester is disconnected. That is why it

is important to replac are out)of order and were disconnected from the
system as quickly as pp

Insulating brack@ h “disconnectors to facilitate re-energization of the
distribution transforn aildre (Figure 11). Other kinds of brackets may be used

If high volta e d in the same current path as the disconnectors, the response
characteri be coordinated with one another. The
disconnéctor pond, in time before the fuse or at the same time with it. This concept
prevents the shing or0f the current when a new fuse is installed as long as a short circuit

still exists.

Fault indicators indicate with some bright colour material that the arrester has been
overstressed and should be replaced. They do not separate the arrester from earth potential.
These devices are installed either on the high voltage side or on the earth side directly at the
arrester. If the arrester is overstressed, the short circuit is permanent and the system is
switched off, but the damaged arrester can clearly be detected and in this way be quickly
replaced.
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¢tors need to
ge terminal and
or large wildlife

be considered. For short arresters where animals can b
other earthed points on or near the arrester the ipz
protectors can adequately affect this issue.

5.3.2.2 Connecting leads

The location of the distrib iveg to the protected equipment can be very
important when i t isi jghtning surge [17]. When protecting from fast
rising surges the_lead i i the arrester and in parallel with the protected
equipment can geneyé ignifi ge due to its inherent inductance. This lead voltage
is in addition to the aracteristics of the arrester. The connections shall be installed
as short and straight\a ble,”/ This is because inductive voltages appear at each
conductor dug ivity during the flowing of the impulse current. These inducted
voltages arecons g high rate of changes di/dt, such as when lightning currents
occur. The ™ MO\m elf feacts almost instantaneously even with very steep voltage and

connections,there are “dlways inductive voltages and it is necessary to take them into

account. If the~esigual voltages found in the datasheets does not contain an inductive
voltage drop corresponding to 1 uH/m of arrester length, then the arrester height must be
considered.

The additional inductive voltage is consequently calculated as:

Ui:Lx% 2)

A voltage of U; = 10 kV per meter of connection lead results from a steep current impulse with
a rise time of 1us and 10 kA peak value. This means that the connections and the entire loop
shall be executed to the greatest degree possible without inductance. Both the arrester and
the transformer shall of course be connected at the same earthing point.
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When a 6 amp or lower fuse is in series and on the source side of an arrester as a result of
reducing lead length, the fuse rating may need to be increased by a few per cent to avoid
nuisance fuse blowing when the arrester conducts a surge.

5.3.2.3 Earthing of distribution arresters

At distribution voltage levels (Ug normally < 36kV), often arresters can be located very close
to the equipment to be protected, e.g. transformers. In this case, and where possible, the
earth terminal of the arrester and equipment should be bonded with a very short straight
conductor (see Figure 12).

Overhead line /\

||
oll
—
N
Il
oll
—

1 3
IEC
Key:
1 Poor. The arrester and th same earthing point. The incoming overvoltage
reaches first the transfgrimer bushing.
2 Good. The arrester and the tra & Same earthing point. The connections a and b are about the
same length. Q
3 Very good. The arrestex i ly atythe transformer tank. The connection b is almost zero. In this
way, the incoming Q¥ st\tire arrester, which limits the overvoltage without delay.

igure 12 — Examples of good and poor earthing
principles for distribution arresters

Low earth resistances is essential and should be as small as possible in order to limit the
earth potential rise at the earth terminal, and hence mitigate safety hazards and flashover on
the voltage side of the transformer. A value of earth resistance < 10 Q is considered to be
sufficient. This is why specially designed earthing installations are used in order to discharge
the current impulse. Earth resistances are measured mainly with direct current or 50/60 Hz
alternating current; however, in case of high frequency (or current impulse with high
frequency content) the value will in general be different. For pole mounted transformers,
careful consideration needs to be given to the design of the earth electrode in order to
achieve a low earth resistance using rods and horizontal counterpoises. The applicable
earthing standards should be consulted.

5.3.2.4 Mechanical considerations

Static cantilever loads are small on distribution arrester due to their shortness. The maximum
allowed torque during installation may be more important together with the forces due to wind
gusts as distribution arresters are often installed up in poles connected to the over Guments
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5.3.2.5 Oil immersed arresters

There are distribution transformers with built-in distribution MO resistor elements, which give
optimized protection for the transformer. The drawback is that if the arrester has failed due to
lightning or any other reason the whole transformer has to be replaced. Hence, these are only
used when single-phase transformers are used.

5.3.3 Line surge arresters (LSA)
5.3.3.1 Installation considerations

LSA are directly installed in the overhead line. In the majority, LSA are polymer-housed
arresters and serve for protection against lightning overvoltages only. Polymer, compared with
porcelain-housed arresters, offer lower weight and easier handling, and theyoften have a
better overload performance. It is important to note that safety issueg”(n ean|l strength,

Usually, installation of non-gapped line arresters (NGLA)
simplest case, an LSA in a distribution system is just a

switching overvoltage events; on the other™hand it K i r as the charge transfer (and
thus energy dissipation) is not necessaxily 3 i o’ parallel connected arresters.
Requirements on polymer housing m er for the EGLA, as the Svu |s not
contmuously energized. On the other

NGLA for transmis
from the line co
steel structure. FO

characteristics of

connected to theNipe ipsulator. In this case the SVU may be installed in a horizontal position.

The grading rings should not be omitted under any circumstances.

5.3.3.2 Connecting leads and earthing

The length of the earth lead shall on one hand be large enough to allow for movements of the
arrester due to wind forces. On the other hand it should be as short as possible in order to
minimize the current loop and the related inductive voltage drop under fast-front overvoltages.
NGLA usually have a disconnector in the earth lead.

5.3.3.3 Mechanical considerations

It has become apparent that the long term performance of the mounting hardware is in many
cases much more critical than that of the arrester itself. Special care should therefore be
taken when specifying the hardware. A design should be chosen that imposes least
mechanical stress to the components, and the quality should take the extreme mechanical
and environmental operating conditions into account. Documents
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In case the arrester is installed directly on the tower (e.g. standing upright vertically or
inclined on a cross arm, or horizontally at the tower's main structure) it should be ensured that
the arrester has sufficient mechanical strength. It should not be underestimated that vibration,
wind and ice loads are much more of an issue in this application than in standard substation
applications. If the arrester hangs down from the cross arm, the correct orientation of the
weather sheds shall be regarded (see Figure 6).

EGLA installations need overall assemblies that allow movements of the SVU and the line
conductor, respectively, without affecting the sparkover voltage of the gap. In all cases it has
to be considered that EGLA (as well as all LSA in general) are exposed to wind and possibly
ice loads much more than arresters in substation applications. Therefore, mechanical
requirements may be higher and different from substation applications.

transmission line.

5.3.34 Fault clearing

The risk of electrical overloading of LSA and subs
from lightning strikes may be higher for LS
substations due to the absence of the event direct strikes of high
current amplitudes. As overhead line q 3 gstoring, a failed LSA needs
to facilitate fast reclosing. This can be done ti e ling arresters from the line in the

p excessive energies
arresters applied in

event of overloading by the use of a dise - LA as they may fail short. In the case
of EGLA, the sparkover voltage of ifs g ordinated with maximum switching
|mpulse W|thstand voltage (& i C that the line can be energized again

6 Insulation Cjor
6.1

General

Insulation coordifiation 2 dielectric withstand and the characteristic response of
power syste \ etic stresses. This requires selection of the dielectric strength
of equipmeny i ati 3 e voltages that can appear on the system for which the
equipmemt\is\i into account the service environment and the

The first part of this section outlines the basic principles and insulation coordination practice,
which specifically affect or determine surge arrester characteristics. This includes the
procedure for establishing equipment protection margins, the different types of overvoltages
and application of surge arresters to both equipment and the network.

The remaining parts of this section provide recommendations for the selection and application
of surge arresters to be used in three-phase systems with nominal voltages above 1 kV. It
applies to gapless metal-oxide surge arresters as defined in IEC 60099-4, to surge arresters
containing series gapped structure — rated 52 kV and less as defined in IEC 60099-6 and
EGLA for overhead transmission and distribution lines as defined in IEC 60099-8.

6.2 Insulation coordination overview
6.2.1 General

The process of insulation coordination is defined in IEC 60071-1, Insulation coordination:
Part 1 — Definitions, principles and rules. This is supported in greater detail by IEC 60071-2,
Insulation coordination: Part 2 — Application guide, which expands on the pnnmpleDB‘munl’]ents
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Part 1. The standard deals with the selection of insulation and the determination of rated
withstand voltage for equipment in range | (up to 245 kV) and range Il (above 245 kV).

Insulation coordination practices in power systems can be divided into two basic categories;
line and station. Line insulation coordination deals primarily with prevention of line faults from
lightning and line switching operations, while station coordination deals predominantly with
protection of station equipment from incoming lightning surges on lines and impact on local
and remote equipment during station switching operations. In modern insulation coordination
practices, application of surge arresters is considered a fundamental and economical method
of achieving the desired equipment protection and/or system performance [1] [2] [3] [4] [5] [6]
[71 (8] [9]1 [10] [11] [12] [13] [14].

6.2.2 IEC insulation coordination procedure

A typical insulation coordination procedure adopts the following forma

e Selection of arrester protective characteristics and locatiQ
2) Determination of coordination withstand voltage (U,,,)

o Selection of arrester protective characteristics &
step 1 is left out)

P>ffont overvoltages,

3) Determination of required withstand voltages
4) Selection of the rated insulation leyel

—These selection and application
ng the selection of arrester protective
termine the coordination withstand

. These can stress equipment beyond their design
stem performance The type of overvoltage is important

Relationship ypical overvoltage stress with and without surge arrester protection
and insulation h encountered in power system is illustrated in Figure 13. Some
examples of overvottages typically encountered in power system which are available from
numerous publications on related overvoltage phenomena are summarized in Figure 14 [7]
[24] [25] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74]. The
standard power equipment is expected to have sufficient natural insulation strength in the
power frequency and temporary overvoltage range. Although insulation strength usually
increases steadily as surge fronts gets faster, critical overvoltages can still be expected from
lightning surges and uncontrolled switching operations such that arrester protection is usually
required [27].
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