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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURGE ARRESTERS -

Part 6: Surge arresters containing both series

and parallel gapped structures —
Rated 52 kV and less
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Full infdrmation on the voting for the approval of this standard can be found in the r¢port on

voting indicated in the above table.

Annexes A, B, C and D form an integral part of this standard.

Annexes E and F are for information only.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged until 2004.

At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
*+ amended.
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INTRODUCTION

This part of IEC 60099 presents the minimum criteria for the requirements and testing of
metal-oxide surge arresters containing gapped structures that are applied to a.c. power
systems.

Arresters covered by this standard can be applied to overhead installations in place of the
non-linear type arresters covered in IEC 60099-1 and IEC 60099-4.

An accelerated ageing procedure is incorporated in the standard to simulate the long-term

effects of voltage and temperature on the arrester. This is necessary since during the
arrester's_service life the gaps and resistor elements will have pnrtinnc ofthe chfpr power

frequengy voltage continuously applied across them.

@%

24
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SURGE ARRESTERS -

Part 6: Surge arresters containing both series
and parallel gapped structures —
Rated 52 kV and less

1 General

1.1 Scope

This patt of IEC 60099 applies to non-linear metal-oxide resistor type _surge “arresters with
spark gaps designed to limit voltage surges on a.c. power circuits.

This stgndard basically applies to all metal-oxide surge arresters used in
either pprcelain or polymeric housings.

This stgndard specifies requirements and tests for metal internal
series gaps, with rated voltages 52 kV and below.

The following arrester types and ratings are pre are not
addressied in this standard. They will not be can be
ascertained on the individual subjects:

* serig¢s gapped arresters above 54 K

* extsg

¢ shunmt gapped arresters, all ratings;

* line|discharge class 2

1.2 Normative referent

The follpwing re cument.
For datgd referencesg I edition
of the re

IEC 60 gnd test
requirer

IEC 600

IEC 600 grresters
for a.c. ystems

IEC 60099-3:1990, Surge arresters — Part 3: Artificial pollution testing of surge arresters

IEC 60099-4:1991, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

Amendment 1 (1998)
Amendment 2 (2001)1

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

1 A consolidated edition 1.2 exists (2001) that includes edition 1.0 (1991), its amendment 1 (1998) and
amendment 2 (2001).
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2 Definitions

For the purposes of this part of IEC 60099, the following definitions apply.

21

metal-oxide surge arrester without gaps

arrester having non-linear metal-oxide resistors connected in series and/or in parallel without
any integrated series or parallel spark gaps

NOTE See 2.55 for metal-oxide surge arrester with series gapped structures.

2.2

non-linear metal-oxide resistor
part of the surge arrester which by its non-linear voltage versus curren
a low rgsistance to overvoltages, thus limiting the voltage across the
as a high resistance at normal power frequency voltage

aracteristicq acts as
inpls, and

2.3
internal grading system of an arrester
grading| impedance, in particular linear/non-linear 2ding capacitors
connected in parallel to one or to a group of non-liy < r series
gap, to|control the voltage distribution along the 3 veen the metpl oxide
resistor$ and gaps

24
grading ring of an arrester
metal part usually circular in shapg
distribufion along the arrester

odify electrostatically the |voltage

2.5
section| of an arreste

complet, suitably~a
comple arrest:@h

NOTE Alsection of an"a

ipur of a

gllel with

pressuierelief device of an arrester
means for relieving internal pressure in an arrester and preventing violent shattering of the
housing following prolonged passage of fault current or internal flashover of the arrester

2.8

rated voltage of an arrester, U,

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, see 7.5

NOTE 1 The rated voltage is used as a reference parameter for the specification of operating characteristics.

NOTE 2 The rated voltage as defined in this standard is the 10 s power frequency voltage used in the operating
duty test after high current. Tests used to establish the voltage rating in the IEC 60099 series, as well as some
national standards, involve the application of repetitive impulses at nominal impulse current with power frequency
voltage applied. Attention is drawn to the fact that these two methods used to establish rating do not necessarily
produce equivalent values. (A resolution to this discrepancy is under consideration.)
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29

continuous operating voltage of an arrester, U,

continuous operating voltage is the designated permissible r.m.s. value of power frequency
voltage that may be applied continuously between the arrester terminals in accordance
with 7.5

2.10
rated frequency of an arrester
frequency of the power system on which the arrester is designed to be used

211
disruptive discharge

phenomlena associated with the failure of insulaiion under eleciric sir clude a
collapsg of voltage and the passage of current

NOTE 1 |The term applies to electrical breakdowns in solid, liquid and gaseous hations of
these.

NOTE 2 |A disruptive discharge in a solid dielectric produces permanent | liquid or
gaseous (lielectric the loss may be only temporary.

212

puncture (breakdown)

disruptiye discharge through a solid

213

flashovler

disruptiye discharge over a solid surface

214

impulse

unidiredtional wave of yoltage oxlcurren out appreciable oscillations rises rapidly to
a maximum value and — to zero with small, if any, excurgions of
opposit

d time to

it¢ polarity
NOTE The parame@/hi
half valugl on the tail.

2.15

designation ogfa

combination second
the virt i ve on the tail (T,), written as T,/T,, both in ys, the sign “/” having no

2.16
steep current impulse
current mputsewithravi nt such
that the measured values are from 0,9 ps to 1,1 ys and the virtual time to half value on the tail
not longer than 20 ps

NOTE The time to half value on the tail is not critical and may have any tolerance during the residual voltage type
tests, see 7.3.1.

217

lightning current impulse

an 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 The time to half value on the tail is not critical and may have any tolerance during the residual voltage type
tests, see 7.3.1.
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218

long duration current impulse

rectangular impulse which rises rapidly to maximum value, remains substantially constant for
a specified period and then falls rapidly to zero. The parameters which define a rectangular
impulse are polarity, peak value, virtual duration of the peak and virtual total duration.

2.19
peak (crest) value of an impulse
maximum value of a voltage or current impulse

NOTE Superimposed oscillations may be disregarded, see 7.4.2 c) and 7.5.3.2 e).

2.20
front off an impulse
part of dn impulse which occurs prior to the peak

2.21
tail of an impulse
part of dn impulse which occurs after the peak

2.22
virtual prigin of an impulse

point or] a graph of voltage versus time or current v
betweer
referend
NOTE 1
NOTE 2

NOTE 3
mean cur

rsis time\determined by the intersection
and t@str'ht line drawn through two

g at 10 % and 90 % should be taken on the

2.23

virtual
time in us equa : pli ne in us for the current to increase from |10 % to
90 % of|its peak

NOTE Ifjoscillations 3 Wé reference points at 10 % and 90 % should be taken on|the mean
curve drapvn through

2.24
virtual $tée
quotient RO gnd the virtual front time of an impulse

2.25

virtual
time in A
decreased to half its peak value, expressed in ps

ent has

2.26
virtual duration of the peak of a rectangular impulse
time during which the amplitude of the impulse is greater than 90 % of its peak value

2.27
virtual total duration of a rectangular impulse
time during which the amplitude of the impulse is greater than 10 % of its peak value

NOTE If small oscillations are present on the front, a mean curve should be drawn in order to determine the time
at which the 10 % value is reached.
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2.28

peak (crest) value of opposite polarity of an impulse

maximum amplitude of opposite polarity reached by a voltage or current impulse when it
oscillates about zero before attaining a permanent zero value

2.29
discharge current of an arrester
impulse current which flows through the arrester

2.30
nominal discharge current of an arrester, I,

peak value of lightning current impulse (see 2.17 and table 1) which is used to classify an
arrester

2.31
high cu1rrent impulse of an arrester

peak vajue of discharge current having a 4/10 impulse shape w
of the afrester on direct lightning strokes

test the|stability

2.32
switchipg current impulse of an arrester
peak vglue of discharge current having a virtual front S ss than
100 ys and a virtual time to half value on the tail '

2.33
continu
continuI
continu
NOTE T

temperaty
therefore|

at the

vary with
ple may,

2.34
referen 3 :
peak vglue (the higf e ) of the
resistivd Itage of
the arre
NOTE 1

reference
manufact

NOTE 2
current w|
arresters.

measured
ed by the

gminal discharge current and/or line discharge class of the arrester, the [reference
e range of 0,05 mA to 1,0 mA per square centimetre of disc area for single column

2.35

reference voltage of the main series metal-oxide resistors

peak value of power frequency voltage divided by \/Eapplied to the main series metal-oxide
resistors of arrester to obtain the reference current

NOTE The reference voltage of a multi-unit arrester is the sum of the reference voltages of the main series metal-
oxide resistors of the individual units.

2.36

residual voltage of an arrester, U, ¢

peak value of voltage that appears between the terminals of an arrester during the passage of
discharge current

NOTE The term “discharge voltage” is used in some countries.
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237

power frequency withstand voltage versus time characteristic of an arrester

(temporary overvoltage, TOV)

power frequency withstand voltage versus time characteristic showing maximum time dura-
tions for which corresponding power frequency voltages may be applied to arresters without
causing damage or thermal instability under specified conditions in accordance with 5.9.

2.38

prospective current of a circuit

current which would flow at a given location in a circuit if it were short-circuited at that
location by a link of negligible impedance

2.39
protectjve characteristics of an arrester

Regard¢d as a combination of the following:

a) residual voltage for steep current impulse and front-of-wave ccording [to 7.3.2
and|[7.3.6.2

b) residqual voltage versus discharge current characteri
1,2/%0 impulse sparkover according to 7.3.3 and 7.

pulses pnd the

c) residual voltage for switching impulse and the
to 73.4 and 7.3.8.2

cording

2.40
thermal runaway of an arrester
situation when the sustained power
capability of the housing and connectigns,
of the resistor elements cytminating-in failure

sipation
berature

2.41

thermal stability ‘ gste

arrester| is the‘v 3 i se, the
temperdture of the/resis creases with time when the arrester is energized

at specified contin

2.42
arrester
device

prevent

NOTE T

lure, to
ster

2.43
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 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.

2.44

routine tests

tests made on each arrester, or on parts and materials, as required, to ensure that the
product meets the design specifications


https://iecnorm.com/api/?name=3e0796e9493ebaba647a978ab9297702

-12 - 60099-6 O IEC:2002(E)

2.45

acceptance tests

tests which are made when it has been agreed between the manufacturer and the purchaser
that the arresters or representative samples of an order are to be tested

2.46
sparkover of an arrester
disruptive discharge between the electrodes of the gaps of an arrester

2.47

follow current of an arrester
current from the connected power source which flows through an arrester following the
passagé€ of discharge current

2.48
average sparkover voltage

This can be sub-divided into two types:

2.48.1

power frequency sparkover voltage
averaggq of at least five successive power frequency

2.48.2
lightning impulse sparkover voltage
averagq of at least five successive lightpi

2.49
impuls¢ sparkover voltage of an arre
highest |value of voltage attained

polarity [applied betwe A

2.50
front-of-wave s 2

impulse| sparkover+y,
with tim

hpe and

linearly

2.51

standar
lowest (]
an arres

plied to

2.52
time to|sparkover of an arrester
time interval between virtual origin and the Instant of sparkover of the arrester, expressed
in us

2.53
impulse sparkover voltage-time curve
curve which relates the impulse sparkover of the voltage to the time to sparkover

2.54
grading current
peak value of current flowing through the arrester while power frequency voltage is applied

2.55

metal-oxide surge arrester with gapped structures

arrester having non-linear metal-oxide resistors connected in series and/or in parallel with any
internal or external series or shunt spark gaps
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2.56
power frequency sparkover voltage

value of the power frequency voltage, measured as the peak value divided by \/E applied
between the terminals of an arrester, which causes sparkover

2.57

line arrester

type of arrester that is commonly applied to power systems to reduce the risk of insulator
flashover during a lightning transient

NOTE It is not generally used to protect the insulator from other types of transients such as switching surges.
Neither is it generally used to protect any equipment other than line insulators.

2.58
impulsé protective levels

These gan be sub-divided into three types:

2.58.1
fast front protective level

highest|of either the steep current residual voltage at
sparkovier voltage

of-wave [impulse

2.58.2
standarnd lightning impulse protective le
highest| of either the residual voltage at\n ) or 1,2/50 lighting |impulse

sparkovier voltage

2.58.3
switchipng impulse protedti
highest|of either the maxi i oltage Yef the specified switching current or the
specified switching img :

2.59

main s¢
resistor$
gaps fo
NOTE M
duty test,

eparate

operating

2.60
series
intentio% g
resistorg,across which all or part of the imparted terminal voltage appears

2.61

shunt gap

intentional gap(s) between spaced electrodes electrically in parallel with one or more main
metal-oxide resistors

2.62
switching voltage impulse
impulse voltage having a virtual front time greater than 30 pys
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3 Identification and classification

3.1 Arrester identification

60099-6 O IEC:2002(E)

Metal-oxide surge arresters containing gapped structures shall be identified by the following
minimum information which shall appear on a nameplate permanently attached to the arrester:

— continuous operating voltage;

— rated voltage;

— rated frequency, only if other than one of the standard frequencies, see 4.2;

— nominal discharge current;

— shont-circuit withstand current rating in kA r.m.s. (for arresters with slort-c

ratings);

— manpufacturer's name or trade mark, type and identification of the

— identification of the assembling position of the unit (for multi>arjt a

— year of manufacture.

3.2 Arrester classification

Surge grresters are classified by their standard

meet at|least the test requirements and perfor

uit-wlithstand

ey shall
1.

5000 A 2500 A 1500 A
1 Rated|voltage U, (kVRMs)r\ w . 3<U,£52 3<U,<52 3J<s U, <52
2 Insulafion withstand test[s M\s@ ho\@}gi 7.2 7.2 7.2 7.2
3 Resid : N/ | TapbleF.1 | TableF.1 | Table F.1 [able F.1
a) steep 7.3.2 7.3.2 7.3.2 7.3.2
b) lightin 7.3.3 7.3.3 7.3.3 7.3.3
c) switch 7.3.4 Not required | Not required | Npt required
4 Spark
a) front- 7.3.6 7.3.6 7.3.6 7.3.6
b) lightni 7.3.7 7.3.7 7.3.7 7.3.7
c) switch 7.3.8 Not required | Not required | Npt required
5 Long gluration current impulse withstand test 7.4.3 7.4.3 7.4.3 Npt required
6 High current impulse operating duty test 7.5.3 and 7.5.3 and 7.5.3 and 7.5.3 and
table 8 table 8 table 8 table 8
7 Power frequency voltage versus time curve 5.9 5.9 5.9 5.9
8 Short-circuit withstand (when it applies) 5.10 5.10 Not required | Not required
9 Arrester disconnector (when fitted) 7.6 7.6 7.6 7.6
10 Power frequency sparkover voltage test 7.7 7.7 7.7 7.7
11 Moisture ingress tests 7.8 7.8 7.8 7.8
12 Weather ageing tests (polymeric housing only) 7.9 and 7.9 and 7.9 and table 7.9 and
table 9 table 9 9 table 9
13 Artificial pollution test Annex D Annex D Annex D Annex D
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4 Standard ratings

4.1 Standard rated voltages

Standard values of rated voltages for arresters (in kV r.m.s.) are specified in table 2 in equal
voltage steps within specified voltage ranges:

Table 2 — Steps of rated voltages

Range of rated voltage Steps of rated voltage
kV kV r.m.s.
3-30 1 kV

30-52 3 kV /\(

NOTE Al other ratings are considered non-standard but are still subject to conforp

nce to this standa
4.2 Standard rated frequencies

The stapdard rated frequencies are 50 Hz and 60 Hz.

4.3 Standard nominal discharge currents

The stapdard nominal 8/20 discharge currents
see 2.30.

2 500 A and 1 500 A,

4.4 Slervice conditions

4.4.1 Normal service conditions

Surge grresters that conft hder the

following normal service

a) ambjent air temyera

b) solal radiatio
NOTHE The effects { 3 ar’ragiation (1,1 kW/m?) have been taken into account by prehgating the
test g§pecimen in . ere arg other heat sources near the arrester, the application of the arrester
shall agre v the manufacturer and the purchaser.

c) altity

d) freq a.c. power supply shall not be less than 48 Hz and not exceeding 62 Hz;

e) power fre K age applied continuously between the terminals of the arrester not

eXCH§

f) mechanical conditions (under consideration);

g) pollutionmconditions{no requirement atthistime).

4.4.2 Abnormal service conditions

Surge arresters subject to other than normal application or service conditions may require
special consideration in design, manufacture or application. The use of this standard in case
of abnormal service conditions is subject to agreement between the manufacturer and the
purchaser. A list of possible abnormal service conditions is given in annex A.
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5 Requirements

5.1 Insulation withstand of the arrester housing
The arrester housing shall withstand the following voltages when tested according to 7.2:

— the standard lightning impulse protection level of the arresters (see 2.58.2) multiplied
by 1,3;

NOTE The 1,3 factor covers variations in atmospheric conditions and discharge currents higher than nominal.

- power frequency voltage in wet conditions for arrester housings for outdoor use and in dry

conditions for arresier housings for indoor use.
Housings of 1500 A, 2500A and 5000 A arresters shall withstand a (power<frequency
voltage |with a peak value equal to the standard lightning impulse pgotecti 2.58.2)
multipligd by 0,88 for a duration of 1 min.
Housings of 10 000 A arresters shall withstand a power fre k value
equal to¢ the switching impulse protection level multiplied f 1 min
(see 2.58.3)
5.2 Reference voltage
The reference voltage of each of thetmai [ i ured by
the mapufacturer at the reference c .2. The
minimurn reference voltage of the mai b stated
in the type test report.
5.3 Ilmpulse protectiv
The arr 1 wave-
shape (J/.3. residual
voltage
54 P
When 1 i Imes its
continudus
5.5 Sleal
Arresterl units) with~sgaled housings containing gaseous material shall meet the gas [leakage
requirements of 8.1 c). Arresters with polymeric housings shall be tested per the moisture

ingress fest see 7.8.

5.6 Thermal stability

When agreed between manufacturer and purchaser, a special thermal stability test may be
performed according to 8.2.2.

5.7 Long duration current impulse withstand

Arresters shall withstand long duration currents as verified during type tests, see 7.4.

For 10 000 A arresters, the long duration withstand is demonstrated by a line discharge test
(see 7.4.2) with the line discharge class specified by the user.


https://iecnorm.com/api/?name=3e0796e9493ebaba647a978ab9297702

60099-6 O IEC:2002(E) -17 -

For 5000 A and 2 500 A arresters, the long duration withstand is demonstrated by a long
duration impulse test, see 7.4.3.

The samples shall be considered to have passed if all the following requirements are met:

a) The residual voltage at nominal discharge current has not changed by more than 5 %.

b) The average power frequency sparkover voltage or average standard lightning impulse
sparkover voltage has not changed by more than 5 %.

c) If the manufacturer declares that the resistors may be removed, then visual examination
of the test samples after the test shall reveal no evidence of puncture, flashover, cracking
or other significant damage of the metal-oxide resistors, or the gap structure. In other

cases, visual mspectlon onIy applies to external parts To check the mtegrlty of the

int sample
ha s sample
withstood the nineteenth long duration current impulse with né Cked by
osdillographic records) then the sample has passed the test

5.8

Arrestells shall be able to withstand the combination 5 i vice as

demonsjtrated by the operating duty tests, see 7.5. Thg S 5 mage or

thermal|runaway

For 1§ this is

demonsftrated by the high current impws

The arrgster has passed the test if

a) res|dual voltage has not changed

b) the|average power ffeq Ne olt impulse
sp 5 %;

c) if the manufacturgr de c internal components may be removed, then visual
exgminatio > i e test shall reveal no evidence of plncture,
flaghover, c ignificant damage of the metal-oxide resistors|or gap
stry . 4 . nspection only applies to external parts;

d) thefe i e QSE leakage current, or temperature during the application
of }

e) findli i olJow current occurs not later than at the end of the half cycle
follpwi iniwhish the impulse is applied. There shall be no further sparkover of
the i

5.9 Plower frequengy voltage versus time characteristics of an arrester

The mapufacturer shall supply data on the allowable time duration of power frequency| voltage

and the corresponding voltage value which may be applied to the arrester aiter the arrester
has been preheated to 60 °C and subjected to the high current or line discharge class energy
duty respectively, without damage or thermal runaway.

This information shall be presented, together with initial temperature, as power frequency voltage
versus time curves with the impulse energy absorption prior to this power frequency voltage
application stated on the curve.

NOTE 1 Such curves are necessary for the selection of the arrester rated voltage depending on local system
conditions, such as lightning, switching and temporary overvoltages.
NOTE 2 The curves may be established by calculation.

NOTE 3 The temporary overvoltage curve should cover the time range from 0,1 s to 20 min. For arresters to be
used in isolated neutral or resonant earthed systems without earth fault clearing, the time should be extended to
24 h.

If verification of the power frequency voltage versus time curve is agreed upon by the
manufacturer and the purchaser, the procedure described in annex C shall be used.
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5.10 Short-circuit withstand

When an arrester has short-circuit withstand capabilities, this device shall pass all short-
circuit withstand tests as specified in IEC 60099-4. In these tests, the gap structure shall be
short-circuited by fuse wires and the test carried out with the selected procedure for metal-
oxide arresters without gaps.

5.11 Disconnectors
5.11.1 Disconnector withstand

When an arrester is fitted or associated with a disconnector, this device shall withstand,
without operating. each of the following tests:

— long|duration current impulse test, see 7.6.2.1;
— opeffating duty test, see 7.6.2.2.

5.11.2 | Disconnector operation

The timg delay for the operation of the disconnector is dete ree\yalues of current
accordipg to 7.6.3. There shall be clear evidence of effecti 2 ot disconnection by
the device.

5.12 equirements for internal and e

Under cpnsideration.

5.13 wer frequency sparkover
A powdr frequency sparkove &r ormed on gapped arresters in which the

sparkovier occurs for g bquency
sparkovier voltage of t

5.14 rading (@

5.15

Arrester Cified in

IEC 600

6 General procedures

6.1 Measuring equipment and accuracy

The measuring equipment shall meet the requirements of IEC 60060-2. The values obtained
shall be accepted as accurate for the purpose of compliance with the relevant test clauses.

Unless elsewhere stated, all tests with power frequency voltages shall be made with
an alternating voltage having a frequency between the limits of 48 Hz and 62 Hz and an
approximately sinusoidal waveshape.
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6.2 Reference voltage measurements

The reference voltage of the main metal-oxide elements of an arrester (see 2.35) is measured
at the reference current (see 2.34) on sections and units when required. The measure-
ment shall be performed at an ambient temperature of 20 °C £ 15 °C and this temperature
shall be recorded.

NOTE As an acceptable approximation, the peak value of the resistive component of current may be taken to
correspond to the momentary value of the current at the instant of voltage peak.

6.3 Test samples

Unless ise spec ifi S ; S8 ster sections or
arrester rings if

applicable ice. This
means tjoned at
approximately the same height above the ground planes as uswal < inPservice
(unless arkover
values). at the
minimun es. The
height d istance
from arr

When te gviour of

all poss t.

The sa .5) shall have a chargcteristic

representative of the most critical design, ing ount the variation range dec|ared by

the manufacturer. In order fq compl e following shall be fulfilled

a) Thelratio betweenr omplet arrester to the rated voltage of thg section
is d¢fined as n. The\vo f efements used as test samples shall not be
greater than t * esistor elements used in the complete |arrester
diviged by @ [ équivalent thermal characteristics of the most
therinally disad¥artages jvale gction within the main arrester. The voltage pradient
shal| be the maxin iNg i _ary section of the arrester.

The all be recorded in the test report

b) The guency sparkover voltage of the section shall not be¢ higher
than b ini équency sparkover for the complete arrester divided by n. The
mini gncy sparkover shall be the lowest sparkover decided by U, for

the series under test. Grading current measured at U, shall be the lowes} for the
rang esters\being tested. Neither of these characteristics need be applied to the
|e sample, votess the arrester series under test may at some point demonsTate the

compination at the same time. The number of spark gaps in the section shall| not be
greater than the minimum number of spark gaps in the complete arrester divided by n,
except that a minimum of one spark gap shall be used in the test sample. If it is not
possible to fulfil this requirement, then the number of gaps shall be agreed upon between
the manufacturer and the purchaser.

7 Type tests (design tests)

7.1 General
The following type tests shall be carried out, insofar as they are required in table 1:

a) Insulation withstand tests, see 5.1 and 7.2.

These tests demonstrate the ability of the arrester housing to withstand voltage stresses
under dry and wet conditions.
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b) Impulse protective level tests, see 5.3 and 7.3.

These tests demonstrate the protective levels of the arrester.

c) Long duration current impulse withstand test, see 5.7 and 7.4.

2002(E)

These tests demonstrate the ability of the resistor elements and gaps to withstand
possible dielectric and energy stresses.

d) Operating duty tests, see 5.8 and 7.5.

These tests demonstrate the thermal stability and dielectric strength of the arrester and
the ability of the gaps to operate properly under defined conditions.

e) Short-circuit withstand tests, see 5.10.

For

f) Tes
For

the gisconnector.

g) Artif

This
syst
insu

h) Part
This
i) Sea

Sea
and
volu

This
j) Wesd

Arre
tests

insulatid

cial pollution test (see annex D)2.

ation does not flashover.

al discharge test, see 5.4.

ther agei g
Ster des@
as specifiéd

The tes

s\shall be performed in the conditions and with the test voltages specified in

onstrate
ditions.

ation of

grading
external

volume,
of unit

ageing

external

5.1 and

repeated below. The outside surface of insulating parts shall be carefully cleaned and the

internal

7.2.2

parts removed or rendered inoperative to permit these tests.

Tests on individual unit housing

The applicable tests shall be run on the longest arrester housing. If this does not represent
the highest specific voltage stress per unit length, additional tests shall be performed on the
unit housing having the highest specific voltage stress. The internal parts may be replaced by
an equivalent arrangement (e.g. grading elements) to provide approximately the same voltage
distribution along the arrester axis as it would experience with internal components still
installed.

2 Yet to be established.
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7.2.3 Tests on complete arrester housing assemblies

Under consideration.

7.2.4 Ambient air conditions during tests
The voltage to be applied during a withstand test is determined by multiplying the specified

withstand voltage by the correction factor, taking into account density and humidity. See
IEC 60060-1.

Humidity correction shall not be applied for wet tests.

7.2.5 Wet test procedure

The external insulation of outdoor arresters shall be subjected to s under

the test|procedure given in IEC 60060-1.

7.2.6 Standard lightning impulse voltage test

The arrgster shall be subjected to a standard lightning imp g ' rding to
IEC 60060-1.

Fifteen fonsecutive impulses at the test voltage vs S i ity. The
arrester|shall be considered to have pass b j isruptive discharggs occur
and if the number of the external disrtptive dis ) eries of

15 impulses. The test voltage shall be e on level

of the afrester multiplied by 1,3.

If the dny arcing distance ¢ Rard the test
voltage [divided by 500 kV/r ' ire

7.2.7 Power freque
The hoysings of Q 3

arresterps for indoor, &

sings of

Housing and 5000 A arresters shall withstand a power fréquency

voltage P to the standard lightning impulse protection level multiplied
by 0,88

Housing 0 A\ arresters shall withstand a power frequency voltage with a peak value
equal tg the(switching/impulse protection level multiplied by 1,06 for a duration of 1 mip.

7.3

mpulse protective level tests

The purpose of the impulse protective level measurement is to obtain the maximum protective
level for a given design for all specified currents and voltage waveshapes.

The general test procedure shall be as follows:

a) Apply prospective impulse voltage waves, measure the resulting peak arrester voltages
and compare these voltages with the appropriate residual voltage level.

b) Where the maximum arrester voltage resulting from application of these prospective
voltage impulses is less than the arrester residual voltage level, then the protective level
for that waveshape is the arrester residual voltage level.

c) Otherwise, sparkover tests shall be made and the protective level for that waveshape is
the maximum sparkover value. Impulse protective levels shall be established by the
front-of-wave sparkover, 1,2/50 impulse sparkover and switching impulse sparkover tests.
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7.31 Residual voltage tests

The purpose of the residual voltage type test is to obtain the data necessary to derive the
maximum residual voltage. It includes the calculation of the ratio between voltages at
specified impulse currents and the voltage level checked in routine tests. The latter residual
voltage can be either at the nominal discharge current or the residual voltage at a suitable
lightning impulse current in the range 0,01 to 2 times the nominal discharge current,
depending on the manufacturer's choice of routine test procedure.

The maximum residual voltage at a lightning impulse current used for routine tests shall be
specified and published in the manufacturer's data. Maximum residual voltages of the design
for all specmed currents and waveshapes are obtained by multlplymg the measured residual
voltages—e osjdr age at the
routine

ters or
Eamples

All resiqual voltage tests shall be made on the same three sampl
arrester| sections. The time between discharges shall be suffici
to return to within 5 °C of ambient temperature.

7.3.2 Steep current impulse residual voltage test

One stgep current impulse, in accordance with defjniti
nominall discharge current of the arrester £ 5 %

ak value equal to the

of the three samples.
The thrge voltage peaks are recordedAlhe resjdus are determined in acc}rdance
with 5.3. The highest value is define al voltage of the arrester.
The partial response time T of the voltag [ frowj d shall not exceed 20|ns (see
IEC 60060-2). The fast front protective lewel of\the ester is defined as the highest of either
the stedp current residual voltage or thie fr impulse sparkover of the arrestgr
7.3.3
One lig definition 2.17, shall be applied to|each of

the threfe sampleg three peak values of approximately 0,5, 1 and 2

times the nominal digch& A of the arrester. The virtual front time shall be 7 pg to 9 us
while th half valu ime ich™ t critical) may have any tolerance. The residual yoltages
are detg . The maximum values of the determined [residual

voltages voltage verses discharge current curve. The lightning
impulse i & arrester is defined as the highest of the residual voltages read
on such ! ¢ ding to the nominal discharge current or the lightning |impulse
sparkoy| ] g

NOTE If i € dutine test cannot be carried out at one of the above currents, then additjonal type
tests sha| ied out\at a current in the range of 0,01 to 0,25 times the nominal discharge current for
comparisgn with the comp)éte arrester.

7.3.4 Switching impulse residual voltage test

One switching current impulse, in accordance with definition 2.32, of each value as specified
in table 3 shall be applied to each of the three samples with peak values according to table 3
and with a tolerance of +5 %. The residual voltages are determined in accordance with 5.3.
The highest of these three voltages is defined as the switching impulse residual voltage of the
arrester. The switching impulse protection level of the arrester is defined as the highest of the
switching impulse residual voltages, as determined above, or the switching impulse sparkover
of the arrester.

Table 3 — Peak currents for switching impulse residual voltage tests

Arrester classification Peak currents
A

10 000 A line discharge class 1 125 and 500
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7.3.5 Sparkover tests

Sparkover tests shall be made on three samples of complete arresters of each voltage rating
tested. The performance for other voltage ratings of the same design within £20 % (or 3 kV,
whichever is greater) of a test sample rating can be determined by adjusting the voltage level
in proportion to the voltage ratings. In view of the dependency of gap sparkover on
temperature, the tests should be carried out at 20 °C to 25 °C, and an additional test carried
out at an elevated temperature (preferably between 40 °C and 50 °C). If there is a difference
between the results, then the higher of the two results shall be used for subsequent tests and
comparisons.

7.3.6 Fast front protective level

This teét determines whether the arrester sparkover for a front-of-wave lightnin impI|J|SG can
exceed |its steep current residual voltage.

7.3.6.1 Front-of-wave impulse sparkover determination test

This teg \ . spective
magnitufde of the test wave shall be a minimum of 1,2 time : e residual
voltage.|At least five discharges shall be measured for ¢ i QMU f rise of

the test wave front shall be 8,33 kV/us for each kilovolt

The maximum arrester voltage record i i i polarity
impulsep shall be compared to the ste & : ¢ residual
voltage |exceeds the voltage values m bve, the
steep current residual voltage is the evel and no further tgsting is
required on this waveshape. If the v during the impulse test excegeds the
steep cuirrent residual voltage, proceea 2-to.determine the fast front protective level.

7.3.6.2 Front-of-wave Ix

This tedt shall bexa i ' Jositive 'gnd negative polarity impulses. The progspective
crest vdlue of t A S \gh\eghough that the sparkover of the arrester occurs
before 90 % of the/cr e _test wave is reached. At least five sparkovers ghall be
recorde PNghest crest value so recorded shall be reported as the
maximu g lue of the test arrester and taken as the fgst front
protecti : ate of rise of the test wave front shall be the same as déscribed
in7.3.6

7.3.7 Standa igh g impulse protective level test

This teg
impulse|can exceed
shown ihtabhle 1

he residual voltage obtained from an 8/20 impulse at nominal current as

mnines whether the arrester sparkover voltage for a standard :Iightning

7.3.71 Standard lightning impulse sparkover determination test

The test is performed using at least five positive and five negative waves. A minimum
prospective magnitude of 1,2 times the arrester's residual voltage at the nominal discharge
current as indicated in table 1 shall be used. The maximum arrester voltage recorded during
the five positive and five negative polarity standard lightning impulses shall be compared to
the residual voltage obtained with the nominal discharge currents in table 1. If the nominal
discharge current residual voltage exceeds the voltage values measured during the standard
lightning impulse sparkover voltage test described earlier, the nominal discharge current
residual voltage is the standard lightning protective level and no further testing is required on
this waveshape. If the voltage measured during the standard lightning impulse test exceeds
the nominal discharge current residual voltage, proceed to 7.3.7.2, the standard lightning
impulse sparkover voltage test, to determine the standard lightning impulse protective level.
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7.3.7.2 The standard lightning impulse sparkover test

The purpose of this test is to determine the highest standard lightning impulse voltage greater
than 3 ys duration that the arrester will withstand without sparkover.

For each polarity, the test procedure shall be as follows:

a) Determine the base generator charge voltage, Vg, according to the method described in
the following note and record crest voltage and time to sparkover (where sparkover
occurs) for each of the 20 impulses used for establishing V.

NOTE The procedure for establishing Vs is as follows: Start by applying an impulse having a prospective
crest voltage somewhat lower than the expected sparkover voltage of the arrester, raising the generator
charge voltage in approximately 5 % steps for subsequent impulses until sparkover-eccurs. Then apply a
serie$ of 20 impulses, decreasing the prospective crest voltage by about 5 % affer ev sparfover and
incregsing the prospective crest voltage by about 5 % after every withstand. VgNg the avegages|generator
charde voltage used during the series of 20 impulses.

b) Apply five impulses using a generator charge voltage not moré record
crest voltage and time to sparkover. If sparkover does no fter the
virtulal zero point on each of the five impulses, raise geners adlditional
incrgments not greater than 0,05 Vg until a level is rea r within
3,0 ps after the virtual zero point on each of the five applicati igher prospective
crest voltage of either polarity required to obtat c five sugcessive
appl shall be repgprted as
the s

7.3.8

This te arkover

voltage ple 3.

7.3.8.1

The malgnitude of the HCRing i 9 bll be a

minimum of 1, g surge

current gpecifie e wave
applicat Ise:

« 30Y
« 150
- 100

The tim 3 the tail should be appreciably longer than the virtual front time. The
exact value (is,notaf critical importance.

The maximum arrester voltage recorded during the iive positive and five negative polarity
impulses for each switching surge waveshape shall be compared to the switching impulse
residual voltage. If the switching impulse residual voltage exceeds the voltage values
measured during each of the specified switching impulse sparkover tests described earlier,
the switching surge classifying current residual voltage is the switching impulse protective
level and no further switching surge testing is required. If the voltage measured during any of
the switching surge impulse tests exceeds the switching surge classifying current residual
voltage, proceed to 7.3.8.2 and perform sparkover tests on only the waveshape or
waveshapes that demonstrated high switching surge impulse test voltages.
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7.3.8.2 Switching impulse sparkover voltage-time characteristics

Sparkover tests shall be made using the following test waves (but not necessarily in the order
given), having virtual front times of

e 30 us to 60 ps,

e 150 ps to 300 ps,

e 1000 ps to 2000 ps.

The times to half value on the tail should be appreciably longer than twice the virtual front
time but the exact value is not of critical importance.

For each polarity, the waveshape shall be checked with the arrester in ditpt a test

voltage [that does not cause arrester sparkover in at least one of five

For each waveshape and polarity, the test procedure shall be a

a) Detgrmine the base generator charge voltage, Vg, agcqrai 5 ethéd described
in 73.7.2, recording crest voltage and time to spar R sparkover ocdurs) for
each of the 20 impulses used for establishing V.

b) Apply 10 impulses using a generator charge vplta \ i rd crest
voltage and time to sparkover.

c) Apply 10 impulses using a gene rd crest

voltage and time to sparkover.

The hig i \ greater than 30 us recorded during
these tg it ' the test
arresterfand taken as the g

7.4 Long duration ¢

7.4.1 Genera@

Before the tests, sg¢/residual voltage at nominal discharge current and
averags over voltage, or average standard lightning |impulse
sparkoy| S wple shall be measured for evaluation purposes.

Each Iqg i 2 fipulse withstand test shall be made in accordance with 6.3
and 7.1 € samyles of complete arresters, arrester sections, resistor elements or
resistor ith gags which have not been subjected previously to any test exdept that
specified above aluation purposes. The non-linear metal-oxide resistors and gaps may

be expgsed‘toe the open air at a still air temperature of 20 °C + 15 °C during these tepts. The
rated vqltage of the test samples shall be at least 3 kV if the rated voltage of the arfester is
not less than this and need not exceed 6 kV. If an arrester disconnector is built into the design
of the arrester under consideration, these tests shall be made with the disconnector in
operable condition, see 7.6.

Each long duration current impulse test shall consist of 18 discharge operations divided into
six groups of three operations. Intervals between operations shall be 50s to 60s and
between groups such that the sample cools to within 5 °C of ambient temperature.

Following the long duration current test and after the sample has cooled to near ambient
temperature, the sample shall be considered as having passed if
e) the residual voltage shall not have changed by more than 5 %,

e) the average power frequency sparkover values or the average standard lightning impulse
sparkover values shall not have changed by more than +5 %,
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providing the manufacturer declares that the internal components may be removed, visual
examination of the test samples after the test reveal no evidence of puncture, flashover,
cracking or other significant damage of the metal-oxide resistors or gap components. In
other cases, visual inspection only applies to external parts. Pre- and post-residual
voltage oscillograms shall be compared for evidence of internal damage.

7.4.2 Line discharge test requirements for 10 000 A arresters

This test involves the application of current impulses to the test sample, simulating discharges
through it of a precharged line as defined by the parameters given in table 4.

Table 4 — Parameters for the line discharge test (10 000 A arresters)

[
Arfester Surge impedance Virtual duratjidmof | Charging Voltage U
classfification Line discharge class of the line Z peak x -
A Q k\W{.c.
10 000 1 490,° 2008\ 34U,
® U, is the rated voltage of the test sample in kV r.m.s. \ \ \ \/
The engrgy, W, injected into the test sample is dete d mwers of taple 4 by
the formula:
where U, on the
three te
The tes{ may be carried out with
a) the 1 120 %
of the value specifi
b) the pirtual t@j ti 3 impulse shall not exceed 150 % of the virtual
durgtion of the pé
Cc) osci t value.
If os] value;
d) the » Wsg on each tested sample shall lie between 90 % andg 110 %
of thlg” above of this
valu
The cur| ier than
twice the virtual total’duration of the current impulses, after passing through zero.

An example of a suitable test circuit is described in annex J of IEC 60099-4.

7.4.3 Long duration current requirements for 5 000 A and 2 500 A arresters

The generator used in this test shall deliver a current impulse fulfilling the following
requirements:

the virtual duration of the peak shall lie between 100 % and 120 % of the value specified
in table 5;

the virtual total duration shall not exceed 150 % of the virtual duration of the peak;

oscillations or initial overshoot shall not exceed 10 % of the peak current value.
If oscillations occur, a mean curve shall be drawn for the determination of the peak value;

the peak current shall lie between 90 % and 110 % of the value specified in table 5 for the
first impulse and between 100 % and 110 % of this value for the following impulses.
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Table 5 — Requirements for the long-duration current impulse test
on 5 000 A and 2 500 A arresters

Arrester classification Peak current Virtual duration of peak T
A A us
5000 75 1000
2 500 50 500
7.5 Operating duty tests
7.5.1 [Generat
As explpined in 5.8, these are tests in which service conditions are tHe appli-
cation fo the arrester of a stipulated number of specified imp inajon with
energization by a power supply of specified voltage and freguengy. \I all be
measurg¢d to within an accuracy of 1 % as specified in IEC 60999- e is not
allowed to full load
conditio bre than
2 %. DJ deviate from the
specifie
NOTE 1 minimum
voltage rq
The img vat during the flow of follow current
the pea ed at the arrester terminals does not
fall belo
The ma arrester is able to cool during the power
frequen G ay does not occur and that the ggaps can
reseal properly cnrent as well as current impulses caused by
switching operat; b eforesthat the arrester sections tested shall have both
a translent and sad sipation capability equal to or less than|for the
complete arrester, s€
The tes
— initig
— conditi

— mea

- appllscation S

urements arid examination.

This sequence is illustrated in table 10.

The test shall be made on three samples of the most thermally disadvantaged equivalent of
the longest unit of the series in accordance with 6.2, 6.3 and 7.1 at an ambient temperature of
20 °C £ 15 °C. The rated voltage of the test samples shall be at least 3 kV and need not
exceed 12 kV. If an arrester disconnector is built into the design of the arrester under
consideration, these tests shall be made with the disconnector in operable condition, see 7.6.

For arresters rated above 12 kV, it is usually necessary to make this test on an arrester
section because of limitations of existing test facilities. It is important that the voltage across
the test sample and the power frequency current through the sample represent, as closely as
possible, the conditions in the complete arrester.
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The critical arrester parameter for successfully passing the operating duty test is the resistor
power loss and the ability of the gaps to interrupt the follow current. The operating duty test
shall therefore be carried out on new resistors and gap assemblies at elevated test voltages
U,* or U,* that give the same power losses as aged resistors and gap assemblies at
continuous operating and rated voltage, respectively. These elevated test voltages shall be
determined from the accelerated ageing procedure in the way described in 7.5.2.2.

The power frequency test voltages to be applied to the test arrester section shall be the
continuous operating voltage (definition 2.9) and the rated voltage (definition 2.8) of the
complete arrester divided by the total number of similar arrester sections, n, see 6.3. These
voltages, U, equal to U.n and U, equal to U/n are modified according to 7.5.2.2 to
establish the elevated test voltages U.* and U,*.

NOTE 2 |The established preheat temperature of 60 °C + 3 °C specified in tables 10 a ightefl average
that covefs the influence of ambient temperature, solar radiation and some influencé of po{lution ex/thp arrester
housing.

7.5.2 Accelerated ageing procedure

This tegt procedure is designed to determine the volta
operating duty tests (see table 10) which allows those

il in the

and gap assemblies at a later time. Table 6 specifies whic gn type
must conform to.
Table 6 — Arrester @gn\@/a%m te@r irements
Surge arrester Testsl
Gap positi e otgreding | Acceleratediageing

Porcelaip \N\ter}ad >~ \%eé 7.5.2

Porcelaip In e\x\aI (\ No Not required

Porcelain /\ \ Exte>1\ \ > Under consideration Under considergdtion

Polymerjc \Ker@ \ Yes 7.5.2
Polymerjc /\\ \the at \/\ No Not required
Polymerjc Ex}ewal Under consideration Under considergtion

7.5.2.1

The disfribufion of\U_¢across the resistors and gap assemblies shall be determined gt 40 °C
with a measuring device or the voltage distribution may be determined by passing the same
peak current-threugh—the—individual-assemblies—as—measuredatt—of-the—fulassembly and

measuring the resulting voltage.

The voltage metering impedance shall be high enough so as not affect the voltage distribution
measurement. The values of U for the resistor and gap assemblies shall be adjusted to
reflect the real voltage applied across that element as determined in the voltage distribution
tests above.

Three resistors and gap assemblies samples shall be stressed at a voltage equal to the
corrected maximum continuous operating voltage U, (see below) of the samples for 1 000 h,
during which the temperature shall be controlled to keep the surface temperature of the
resistors and gap assemblies at 115 °C + 4 °C. All material (solid or liquid) in direct contact
with the resistors shall, for the ageing test, present the same design as for a complete
arrester.
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During this accelerated ageing, the resistors and gap assemblies shall be in the surrounding
medium used in the arrester. In this case, the procedure shall be carried out on single
resistors and gap assemblies in a closed chamber where the volume of the chamber is at
least twice the volume of the resistors and gap assemblies and where the density of the
medium in the chamber is not less than the density of the medium in the arrester.

NOTE 1 If the manufacturer can prove that the test carried out in open air is equivalent to that carried out in the
actual medium, the ageing procedure can be carried out in open air.

NOTE 2 The medium surrounding the resistor within the arrester may be subject to a modification during the
normal life of the arrester including the effects of the internal gap sparkover. A suitable test procedure taking
account of such modifications is under consideration.

The relevant voltage for this procedure is the corrected maximum continuous operating voltage, U, which the
resistors shall support in the arrester including voltage unbalance effects. This voltage should be determined from
the formuta:

b

Uys=U,(1+0,151L)

where L i$ the total Iength of the arrester in metres.

If lower v gurements
or compul Imined by
measuren
NOTE 4 edure for
determindti bking into
account p
The agqgi resistor
and gap assemblies with a reference i irg 3. P power
frequeng \ 15.1.
7.5.2.2
The three test samples sk ; b power
losses P4t shall be meas ) i on. The
arresters power losses 2 i he first
measurgment giving S ed after
he’same conditions. Accidental intermed|ate de-

1000 h{(0h + X000

energizing of theNest s
permissfble. The i
measur¢ment sha
the temperature
+1°C. ] 9
span sh

g a total duration of 24 h during the test pgriod, is
be counted in the test's duration. The final
not less than 100 h of continuous energizing. Within
easurements shall be made at the same temperature
es value among those measured at least every 100 h time
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Power
loss
P1ct

P 2ct

3ct

— if Py is equal to or below 1,1 times P5, then the shall be

perfprmed on new arresters;

— if Py

— if Py
The ambient
tem bctively.
The and P,

As gn altern , ser and
the purchase

bllowing

tests but only
aftef greater
than rding to
7.5.1
Tab pation of elevated rated and continuous operating voltagés
Power IoMeasured Test samples and test voltage for the operating drty test
]
Pyt less than or equat to 1,1 X Pac
ot d ot New samples at Ug, and Ug,
and Py less than or equal to Pigt
P> less than or equal to 1,1 x P
2t g ot New samples at Ug.* and Ug,*
and Py greater than Py
P reater than 1,1 x P,
2t 8 ot Aged samples at Ug, and Uy,
and P less than Py
Pyt greater than 1,1 x Pjgy Aged samples at Uy, and Ug, (or new samples at Ug.* and Ug,”
and Py greater than or equal to Pi after agreement between the purchaser and the manufacturer)

In cases where aged arresters are used in the operating duty test, it is recommended that
the time delay between the ageing test and the operating duty test be reduced to 24 h.

NOTE Possible change of the medium surrounding the resistors and gap structure in the field can, in this last
case, increase significantly the power losses.
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The measuring time shall be short enough to avoid increased power loss due to heating.

7.5.2.3 Arrester section requirements

This subclause specifies a thermal model of the arrester section and shall be followed when
thermal equivalence is required:

a) the model shall electrically and thermally represent the most disadvantaged section within
the longest unit of the arrester series;

b) the housing shall meet the following requirements
i) material shall be the same as that of the arrester housing,

o 4 0/
uic daircsicl Lo /o,

H H HIR| H + [ ol o
”) IMISIUc Uidalricicl siidill VT UIc Sdlllic adas Uiat U

iii) | the total mass of the housing shall not be more than 10 % g¢

iv) | the housing shall be long enough to enclose the arrester sectio Rount of
insulation at the two ends shall be adjusted so as to Y irements
described in annex B;

c) the maximum conductor size used for electrical connectio it 5 3 mm
diameter copper wire.

7.5.3 High current impulse operating duty

This tesft applies to 1 500 A, 2 500 A, sters.
The complete test sequence is illustrat

Before {he conditioning te impulse
residual voltage at nomi arkover
voltage |or average sta parkover voltage of each of the three test

sampleg (resistor jem ) is determined at ambient temperature, pee 7.3.
7.5.3.1 Conditioy

The san

ditioning test consisting of twenty 8/20 lightning| current

impulse .17 and having a peak value equal to the nominal discharge
current ¢ . pulses are applied while the test sample is energized at U,*.
The 20 arer-applied” in four groups of five impulses. The interval betwgen the

impulsep>s to 60 s and the interval between groups shall be 25 min to 30 min. It is
not requir sample be energized between groups of impulses. The pdlarity of
the curfent implise shall be the same as that of the half cycle of power frequency|voltage
during which-it occors and it shall be applied at the most onerous time on the voltage wave
with re irst i i + i egrees
before the peak of the power frequency voltage. The timing is then retarded in approximately
10° steps toward voltage peak. For the remaining groups of impulses, the most onerous
timing with respect to follow current found for the first group of impulses is used.

NOTE The intent of this tuning is to find the most onerous time. If the above method does not yield it, then reduce
the retardation steps to 5°.

Final interruption of the follow current shall occur not later than at the end of the half cycle
following that in which the impulse is applied. There shall be no further sparkover of the test
sample in any subsequent half cycle.

If the internal components are not in direct contact with a solid material, the conditioning test
may be carried out on the resistor and gap elements in open air at a still air temperature of
20 °C = 15 °C. In other cases, the conditioning test shall be carried out in the section at a still
air temperature of 20 °C + 15 °C. The measured peak value of the current impulse shall be
within 90 % and 110 % of the specified peak value.
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After this conditioning test, the resistors and gaps are stored for future use in the operating
duty tests, see table 10.

7.5.3.2 Application of impulses

At the beginning of the operating duty test, the temperature of the complete section shall be
20°C £ 15 °C.

The section is subjected to two high current impulses with peak value and impulse shape as
specified in table 8.

Table 8 — Requirements for high current impulses

4
Arrester classification Peak current (4/10)
A A AN
10 000 100

5000 6
2 500 5
1500 10 \

Between the two impulses the section shall be preheated/ in amthat the temperature
at the a ut at an

If a higher temperature is deemed neg service
conditions, then the higher value is used f agreed to between manufactlirer and
purcha

The tolg
the curr

alues of

a) from
b) from
c) from

d) the he peak
valu

e) sma peak of
the purpose
of m ie.

The conditioning test and the following high current impulses shall be applied at tHe same
polarity.

Annex H of IEC 60099-4 describes a typical test circuit which may be used.

As soon as possible, but not later than 100 ms after the last high current impulse, a power
frequency voltage equal to the elevated rated voltage, U,*, and the elevated continuous
operating voltage, U.* (see 7.5.2.2) shall be applied for a time period of 10 s and 30 min,
respectively to prove thermal stability or thermal runaway.

NOTE 1 It is under consideration whether the sample should be energized during the second impulse to show that
the gaps can successfully interrupt current under these conditions.

Final interruption of the follow current shall occur not later than at the end of the half cycle
following that in which the impulse is applied. There shall be no further sparkover of the test
sample in any subsequent half cycle.
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The current and voltage shall be recorded in each impulse and the current records from the
same resistors shall show no difference that indicates puncture or flashover.

The current at the elevated continuous operating voltage, U.*, shall be registered conti-
nuously during the power frequency voltage application.

Non-linear metal-oxide resistor temperature or resistive component of current or power
dissipation shall be monitored during the power frequency voltage application to prove
thermal stability or thermal runaway, see 7.5.3.3.

NOTE 2 As an alternative test procedure when the resources are not sufficient to superimpose high current
impulses as per table 8 on power frequency voltage, it is acceptable to first determine the energy subjected to the
test sample by the high current impulse in a separate test. This test must be performed on the resistors and series
gaps houped in a true model of the arrester in order to verify the insulation withstand for the e5|gnJA current
impulse wWith an amplitude of at least twice the nominal current to the full value of table ufficiently
long to s{ybject the test sample to the same energy as the high current impulse is . i ht is then
used in the high current operating duty test instead of the current given in table 8.

Followinng the complete test sequence and after the test samplé™ha ambient
temperdture, evaluate as specified in 5.8.

7.5.3.3 Evaluation of thermal stability in the operati

The arrpster sections subjected to the operating snsidered to be thermally
stable and to have passed the test if the pea e leakage
current,| or power dissipation, or resi ring the
last 15 min of U*; voltage application.

The pegk of the resistive component gf leakage N [ stability
of the applied voltage and also by t e G i ampbi . of this,

judgement as to whether gble or not may, in some cases| not be
clear at|the end of the U*; Q is the case, the time of the U*|voltage
applicatjon shall be e i ady-decrease in the current or power dissigation or

temperdture is clearlyl confitmad. i asing trend of current or power dissipption or
temperdture is r‘ i i stable.
7.6 T

7.6.1

As note ster dis-
connect e dISC nector assembly alone if its deS|gn is such as to be unaffe¢cted by
the heati

The te iblished
recom shortest

recommended Iength of connecting Iead In the absence of publlshed recommenda’uons the
conductor shall consist of hard drawn bare copper, approximately 5 mm in diameter and
30 cm long, arranged so as to allow freedom of movement of the disconnector when it
operates.

7.6.2 Current impulse and operating duty withstand tests

As noted in 7.4 and 7.5, these tests shall be made at the same time as the tests on the
arrester, for arresters with built-in disconnectors. In the case of disconnectors designed for
attachment to an arrester, or for insertion into the line or ground lead as an accessory, these
tests may be made separately or in conjunction with tests on arrester samples. The
disconnector shall withstand, without operating, each of the following tests. Three new
samples shall be used for each different test.


https://iecnorm.com/api/?name=3e0796e9493ebaba647a978ab9297702

- 34 - 60099-6 O IEC:2002(E)

7.6.2.1 Long duration current impulse test

This test shall be made in accordance with 7.4 with the peak current and duration
corresponding to the highest classification of arrester with which the disconnector is designed
to be used, see tables 4 and 5.

7.6.2.2 Operating duty test

This test shall be made in accordance with 7.5 with the sample disconnector in series with
a test sample section of the arrester design having the highest reference current of all
the arresters with which it is designed to be used.

7.6.3 [Disconnector-operation

7.6.3.1 Time versus current curve test

hitiated

Data forl a time versus current curve shall be obtained at three differe
i sample

current [levels — 20 A, 200A and 800A rm.s. + 10% -
disconngectors with or without arresters as required by 7.6.1.

For tesfls on disconnectors affected by internal heati S aciatetharresters, fhe non-
linear resistors and gap structure shall be bypasseg pper wire 0,08 mm to
0,13 mm in diameter in order to start the internal arcing.

For tests on disconnectors unaffec{ed ‘ i | associated arrester, the
arreste - S 3 its non-linear resistors pnd gap
structur f sufficient to ensure that it will not be
melted

The tes i lang’ as it is sufficient to maintain ful| current
flow in the arc over the arrestertel and sufficient to cause and maintain arcing of any

gaps up A ay depend. The test voltage shall nof exceed
the rate estep with which the disconnector is designgd to be
used.

The par it should first be adjusted, with the test sample shun{ed by a
link of produce the required value of current. The closing switch
should ‘ cuit within a few electrical degrees of voltage crest $o as to
produce 8 wmnetricakeurrent. An opening switch may be provided with prov|sion for
adjustin current flow through the test sample. This switch may be omitted when
accuratg co ar the current duration is not necessary. After the test circuit parpmeters
have b e link shunting the test sample shall be removed.

The curfent flow shall be maintained at the required level until operation of the discqgnnector
occurs. At least five new samples shall be tested at each of the three current levels.

The r.m.s. value of current through the specimen and the duration to the first movement of the
disconnector shall be plotted for all the samples tested. The time versus current characteristic
curve of the disconnector shall be drawn as a smooth curve through the points representing
maximum duration.

For disconnectors which operate with an appreciable time delay, the time versus current curve
test shall be made by subjecting the test samples to controlled duration of current flow to
determine the minimum duration for each of the three current levels which will consistently
result in successful operation of the disconnector. For the points to be used for the time
versus current curve, successful operation of the disconnector shall occur in five tests out of
five trials or, if one unsuccessful test occurs, five additional tests at the same current level
and duration shall result in successful operations.
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7.6.3.2 Evaluation of disconnector performance

There shall be clear evidence of effective and permanent disconnection by the device. If there
is no such clear evidence, a power frequency voltage equal to 1,2 times the rated voltage of
the highest rated arrester with which the disconnector is designed to be used shall be applied
for 1 min without current flow in excess of 1 mA r.m.s.

7.7 Power frequency voltage sparkover tests

Dry and wet tests shall be made on three samples of complete arresters of each voltage
rating tested. The performance for other voltage ratings of the same design within £20 %
(or 3 kV, Wh|chever is greater) of a test sample ratlng can be determmed by adjustmg the
voltage eve hall be
esulting
occurs.
e in the
figed by
ver, the
ing and

esistors
igntly low
impeda e limits
specified in IEC 60060-1 and IEC 600¢

The voltage shall be applied not less pbetween

succesgive applications.

The avgrage sparkover arkover

voltage [for purposes o

7.8 Moisture i eSS

Evaluatjon shall be a 30099-4 with the added requirement for passihg:

— The garkover voltage or average standard lightning |impulse

spar change by more than 15 %.
7.9
Arrester specified in table 9 shall pass weather ageing tests as spegified in
IEC 600
Table 9 — Weather ageing test selection
Surge arrester design Tests
Housing material Gap position Presence of grading Weather ageing tests
elements
Porcelain Internal Yes Not required
Porcelain Internal No Not required
Porcelain External Under consideration Under consideration
Polymeric Internal Yes 7.9
Polymeric Internal No 7.9
Polymeric External Under consideration Under consideration
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Evaluation shall be as prescribed in IEC 60099-4 with the added constraint for passing:

— The average power frequency sparkover voltage or average standard lightning impulse
sparkover voltage shall not change by more than 5 %.

8 Routine tests and acceptance tests

8.1 Routine tests

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

a) Application of a residual voltage test. This test is compulsory for l\arreste

with rated
voltage above 1 kV. The test may be performed either on compl ssembled
arrester units or on a sample comprising one or several resig Th¢ manu-
fact i i [ ing i i ) 701 and
2 tir:L i i [ [ . ot| directly
meaured, the residual voltage of the complete arrester j the's the fresidual
voltages of the resistor elements or the individual arréster~units) i age for
the ¢gomplete arrester shall not be higher than the vatue specifie 7 rer.
NOTHE Bl voltage

test may be omitted in the routine tests, if agreed between

b) Satigfactory absence from partial dis ~ bn each
unit |by any sensitive method adof | 3 sée IEC 60270 and §$.2.1 c).
It shiall not exceed 10 pC.

shall be
arrester

c) For
mad
shall meet the manufag

d) The|dry power fre
voltage shall be meg

e) Gradli

or standard lightning impulse spgarkover
e range specified by the manufactyrer.

8.2

8.2.1

When th acceptance tests in the purchase agreement, the following tests
shall be| st lower whole number to the cube root of the number of drresters
to be su

7.3), at
.3, in this
omplied

NOTE The residual voltage of a complete arrester is taken as the sum of the residual voltages of the
individual arrester units. The residual voltage for the complete arrester should not be higher than a value
specified by the manufacturer.

b) The average power frequency sparkover voltage or average standard lightning impulse
sparkover voltage test shall be measured.

c) For the partial discharge test, the power frequency voltage applied to the complete
arrester, or arrester unit, shall be increased up to its rated voltage and after less than 10 s
decreased to 1,05 times its continuous operating voltage. At that voltage, the partial
discharge level according to IEC 60270 shall be measured. The measured values for the
internal partial discharges shall not exceed 10 pC.

Any alteration in number of test samples or type of test shall be negotiated between the
manufacturer and the purchaser.
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8.2.2 Special thermal stability test

The following test requires additional agreement between manufacturer and purchaser prior to
the commencement of arrester assembly, see 5.6.

This test shall be performed on three totally different test sections consisting of metal-oxide
resistors and gap structures taken from current routine production and having the same
dimensions and characteristics as those of the arresters under test. The test consists of a part
of the operating duty test relevant to the type of arrester as indicated in table 11.

Metal-oxide resistor temperature or resistive component of current or power dissipation shall
be monitored during the power frequency voltage application to prove thermal stability. The
test is ] it i ; 5.3 le fails,
agreement shall be reached between the manufacturer and the pu arding any
further flests.
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Table 10 — Summary of high current operating duty test (see 7.5.3)

10 000 A line discharge class 1, 5 000 A, 2 500 A and 1 500 A arresters

Initial tests Residual voltage at /,, 8/20 and sparkover voltage
(power frequency or lightning impulse voltage)
See 7.5.3
Time interval not specified

Conditioning Conditioning test; 4 groups of 5 impulses superimposed

See 7.5.3.1

on a continuous power frequency voltage of U,*

Time interval not specified, 20 °C + 15 °C

(

High current

test section High current impulse, 4/10
Preheat to 60 °C £ 3 °C
High current impulse, 4/10
See 7.5.3.2

erthé@ 100 ms

Elevated rated voltage, U.*

Time interval: As short as ;é\sﬁl‘e\l\{)t

Elevated contlnuou{ opérafing vo \usf/t)or 30 min

copne mopd TR,

Measurement and examination [ Residuakvoltage at /., 8/20 a%/sp rkover voltage (power

frequency htning, imputse voltage)

skl S~

%N mal stability test

@ discharge class 1, 5 000 A,
1 500 A arresters, see 8.2.2

eheatto OWC
curtent impulse, 4/10

@e
Se 3.2

%

eral: As short as possible, not longer than 100 ms
S

7.5.3.2

“Elevated rated voltage U*r10s

Elevated continuous operating voltage U;", Tor sU min
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