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Foreword to amendment A1 

The text of document 37/324/FDIS, future amendment 1 to IEC 60099-4:2004, prepared by IEC TC 37, 
Surge arresters, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as 
amendment A1 to EN 60099-4:2004 on 2006-07-01. 

The following dates were fixed: 
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 implemented at national level by publication of  
 an identical national standard or by endorsement 

 
 
(dop) 
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(dow) 
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The text of amendment 1:2006 to the International Standard IEC 60099-4:2004 was approved by 
CENELEC as an amendment to the European Standard without any modification. 
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Surge arresters, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as 
amendment A2 to EN 60099-4:2004 on 2009-05-01. 
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2012-05-01 
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The text of amendment 2:2009 to the International Standard IEC 60099-4:2004 was approved by 
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INTRODUCTION 

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

Arresters covered by this standard are commonly applied to live/front overhead installations in 
place of the non-linear resistor-type gapped arresters covered in IEC 60099-1.  
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SURGE ARRESTERS – 
 

Part 4: Metal-oxide surge arresters without gaps 
for a.c. systems 

 
 
 

1 Scope 

This part of IEC 60099 applies to non-linear metal-oxide resistor type surge arresters without 
spark gaps designed to limit voltage surges on a.c. power circuits. 

2 Normative references 

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

IEC 60060-1:1989, High-voltage test techniques – Part 1: General definitions and test 
requirements 

IEC 60060-2:1994, High-voltage test techniques – Part 2: Measuring systems   

IEC 60068-2-11:1981, Environmental testing – Part 2: Tests – Test Ka: Salt mist 

IEC 60068-2-14:1984, Environmental testing – Part 2: Tests – Test N: Change of temperature 

IEC 60068-2-42:2003, Environmental testing – Part 2-42: Tests – Test Kc: Sulphur dioxide 
test for contacts and connections 

IEC 60071-1:1993, Insulation co-ordination – Part 1: Definitions, principles and rules 

IEC 60071-2:1996, Insulation co-ordination – Part 2: Application guide 

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

IEC 60507:1991, Artificial pollution tests on high-voltage insulators to be used on a.c. 
systems 

IEC 60815:1986, Guide for the selection of insulators in respect of polluted conditions 

IEC 61109:1992, Composite insulators for a.c. overhead lines with a nominal voltage greater 
than 1 000 V – Definitions, test methods and acceptance criteria 

IEC 61166:1993, High-voltage alternating current circuit-breakers – Guide for seismic 
qualification of high-voltage alternating current circuit-breakers 

IEC 61330:1995, High-voltage/low-voltage prefabricated substations 
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IEC 62271-200:2003, High-voltage switchgear and controlgear – Part 200: A.C. metal-
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including 
52 kV 

IEC 62271-203:2003, High-voltage switchgear and controlgear – Part 203: Gas-insulated 
metal-enclosed switchgear for rated voltages above 52 kV 

CISPR 16-1:1999, Specification for radio disturbance and immunity measuring apparatus and 
methods – Part 1: Radio disturbance and immunity measuring apparatus 

CISPR 18-2:1986, Radio interference characteristics of overhead power lines and high-
voltage equipment − Part 2: Methods of measurement and procedure for determining limits 

3 Terms and definitions 

For the purposes of this document, the following definitions apply. 

3.1  
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 

3.2  
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 

3.3  
internal grading system of an arrester 
grading impedances, in particular grading capacitors connected in parallel to one single or to 
a group of non-linear metal-oxide resistors, to control the voltage distribution along the metal-
oxide resistor stack 

3.4  
grading ring of an arrester 
metal part, usually circular in shape, mounted to modify electrostatically the voltage 
distribution along the arrester 

3.5  
section of an arrester 
complete, suitably assembled part of an arrester necessary to represent the behaviour of a 
complete arrester with respect to a particular test 

NOTE A section of an arrester is not necessarily a unit of an arrester. 

3.6  
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 

NOTE A unit of an arrester is not necessarily a section of an arrester.  
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3.7  
pressure-relief 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 

3.8  
rated voltage of an arrester 
Ur 
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 8.5) 

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 or long-duration impulses. Tests used to establish the voltage rating in IEC 60099-1, as 
well as some national standards, involve the application of repetitive impulses at nominal current with power-
frequency voltage applied. Attention is drawn to the fact that these two methods used to established rating do not 
necessarily produce equivalent values (a resolution to this discrepancy is under consideration).  

3.9  
continuous operating voltage of an arrester 
Uc 
designated permissible r.m.s. value of power-frequency voltage that may be applied 
continuously between the arrester terminals in accordance with 8.5 

3.10  
rated frequency of an arrester 
frequency of the power system on which the arrester is designed to be used 

3.11  
disruptive discharge 
phenomenon associated with the failure of insulation under electric stress, which include a 
collapse of voltage and the passage of current 

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

NOTE 2 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  
puncture 
breakdown 
disruptive discharge through a solid 

3.13  
flashover 
disruptive discharge over a solid surface 

3.14  
impulse 
unidirectional wave of voltage or current which, without appreciable oscillations, rises rapidly 
to a maximum value and falls, usually less rapidly, to zero with small, if any, excursions of 
opposite polarity 

NOTE The parameters which define a voltage or current impulse are polarity, peak value, front time and time to 
half-value on the tail.  
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3.15  
designation of an impulse shape 
combination of two numbers, the first representing the virtual front time (T1) and the second 
the virtual time to half-value on the tail (T2) 

NOTE It is written as T1/T2, both in microseconds, the sign "/ " having no mathematical meaning.  

3.16  
steep current impulse 
current impulse with a virtual front time of 1 μs with limits in the adjustment of equipment such 
that the measured values are from 0,9 μs to 1,1 μs and the virtual time to half-value on the tail 
is not longer than 20 μs 

NOTE The time to half-value on the tail is not critical and may have any tolerance during the residual voltage type 
tests (see 8.3). 

3.17  
lightning current impulse 
8/20 current impulse with limits on the adjustment of equipment such that the measured 
values are from 7 μs to 9 μs for the virtual front time and from 18 μs to 22 μs 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 8.3). 

3.18  
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 

NOTE The parameters which define a rectangular impulse are polarity, peak value, virtual duration of the peak 
and virtual total duration.  

3.19  
peak (crest) value of an impulse 
maximum value of a voltage or current impulse 

NOTE Superimposed oscillations may be disregarded (see 8.4.2c and 8.5.4.2e). 

3.20  
front of an impulse 
part of an impulse which occurs prior to the peak 

3.21  
tail of an impulse 
part of an impulse which occurs after the peak 

3.22  
virtual origin of an impulse 
point on a graph of voltage versus time or current versus time determined by the intersection 
between the time axis at zero voltage or zero current and the straight line drawn through two 
reference points on the front of the impulse 

NOTE 1 For current impulses the reference points shall be 10 % and 90 % of the peak value. 

NOTE 2 This definition applies only when scales of both ordinate and abscissa are linear.  

NOTE 3 If oscillations are present on the front, the reference points at 10 % and 90 % should be taken on the 
mean curve drawn through the oscillations.  
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3.23  
virtual front time of a current impulse 
T1 
time in microseconds equal to 1,25 multiplied by the time in microseconds for the current to 
increase from 10 % to 90 % of its peak value 

NOTE If oscillations are present on the front, the reference points at 10 % and 90 % should be taken on the mean 
curve drawn through the oscillations.  

3.24  
virtual steepness of the front of an impulse 
quotient of the peak value and the virtual front time of an impulse 

3.25  
virtual time to half-value on the tail of an impulse 
T2 
time interval between the virtual origin and the instant when the voltage or current has 
decreased to half its peak value, expressed in microseconds 

3.26  
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 

3.27  
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.  

3.28  
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 

3.29  
discharge current of an arrester 
impulse current which flows through the arrester 

3.30  
nominal discharge current of an arrester 
In 
peak value of lightning current impulse (see 3.17) which is used to classify an arrester 

3.31  
high current impulse of an arrester 
peak value of discharge current having a 4/10 impulse shape which is used to test the stability 
of the arrester on direct lightning strokes 

3.32  
switching current impulse of an arrester 
peak value of discharge current having a virtual front time greater than 30 μs but less than 
100 μs and a virtual time to half-value on the tail of roughly twice the virtual front time 
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3.33  
continuous current of an arrester 
current flowing through the arrester when energized at the continuous operating voltage 

NOTE 1 The continuous current, which consists of a resistive and a capacitive component, may vary with 
temperature, stray capacitance and external pollution effects. The continuous current of a test sample may, 
therefore, not be the same as the continuous current of a complete arrester.  

NOTE 2 The continuous current is, for comparison purposes, expressed either by its r.m.s. or peak value. 

3.34  
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 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 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.  

3.35  
reference voltage of an arrester 
Uref 
peak value of power-frequency voltage divided by 2  which is applied to the arrester to 
obtain the reference current 

NOTE 1 The reference voltage of a multi-unit arrester is the sum of the reference voltages of the individual units. 

NOTE 2 Measurement of the reference voltage is necessary for the selection of a correct test sample in the 
operating duty test (see 8.5).  

3.36  
residual voltage of an arrester 
Ures 
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. 

3.37  
power-frequency withstand voltage versus time characteristic of an arrester 
power-frequency withstand voltage versus time characteristic shows the maximum time 
durations for which corresponding power-frequency voltages may be applied to arresters 
without causing damage or thermal instability, under specified conditions in accordance 
with 6.10. 

3.38  
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 

3.39  
protective characteristics of an arrester 
combination of the following: 

a) residual voltage for steep current impulse according to 8.3.1; 
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b) residual voltage versus discharge current characteristic for lightning impulses according to 
8.3.2; 

NOTE 1 The lightning impulse protection level of the arrester is the maximum residual voltage for the nominal 
discharge current. 

c) residual voltage for switching impulse according to 8.3.3  
NOTE 2 The switching impulse protection level of the arrester is the maximum residual voltage at the specified 
switching impulse currents.  

3.40  
thermal runaway of an arrester 
situation when the sustained power loss of an arrester exceeds the thermal dissipation 
capability of the housing and connections, leading to a cumulative increase in the temperature 
of the resistor elements culminating in failure 

3.41  
thermal stability of an arrester 
arrester is thermally stable if, after an operating duty causing temperature rise, the 
temperature of the resistor elements decreases with time when the arrester is energized at 
specified continuous operating voltage and at specified ambient conditions 

3.42  
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 Clearing of the fault current through the arrester during disconnection generally is not a function of the device. 

3.43  
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.  

3.44  
routine tests 
tests made on each arrester, or on parts and materials, as required, to ensure that the 
product meets the design specifications 

3.45  
acceptance tests 
tests made on arresters or representative samples after agreement between manufacturer 
and purchaser  

3.46  
housing and sheds 
3.46.1  
housing 
external insulating part of an arrester, which provides the necessary creepage distance and 
protects the internal parts from the environment. 

NOTE Housing may consist of several parts providing mechanical strength and protection against the 
environment. 

3.46.2  
shed 
insulating part projecting from the housing, intended to increase the creepage distance 
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3.47  
polymer housed surge arrester 
NOTE See definition 3.60. 

3.48  
fault indicator 
device intended to provide an indication that the arrester is faulty and which does not 
disconnect the arrester from the system 

3.49  
electrical unit  
portion of an arrester in which each end of the unit is terminated with an electrode which is 
exposed to the external environment 

NOTE An electrical unit is identical to a "unit of an arrester" as defined in 3.6. 

3.50  
mechanical unit 
portion of an arrester in which the resistors within the unit are mechanically restrained from 
moving in an axial direction 

3.51  
gas-insulated metal enclosed surge arrester 
GIS-arrester 
gas-insulated metal-enclosed metal-oxide surge arrester without any integrated series or 
parallel spark gaps, filled with gas other than air 

NOTE 1 The gas pressure is normally higher than 1 bar = 105Pa. 

NOTE 2 A surge arrester used in gas-insulated switchgear. 

3.52  
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 and systems. 
Electrical connection may be made by sliding contact or by bolted devices; however, all 
separable arresters are dead-break arresters 

NOTE The use of separable arresters is common in Europe. 

3.53  
arrester – dead-front type 
dead-front arrester 
arrester assembled in a shielded housing providing system insulation and conductive ground 
shield, intended to be installed in an enclosure for the protection of underground and pad-
mounted distribution equipment and circuits 

NOTE 1 Most dead-front arresters are load-break arresters. 

NOTE 2 The use of dead-front arresters is common in the USA. 

3.54  
dead-break arrester 
arrester which can be connected and disconnected from the circuit only when the circuit is de-
energized 

3.55  
load-break arrester 
arrester which can be connected and disconnected when the circuit is energized 
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3.56  
arrester – liquid-immersed type 
liquid-immersed arrester 
arrester designed to be immersed in an insulating liquid 

3.57  
fail-open current rating for liquid-immersed arrester 
fault current level above which the arrester is claimed to evolve into an open circuit upon 
failure 

3.58  
fail-short current rating for liquid-immersed arrester 
fault current level below which the arrester is claimed to evolve into a short-circuit upon 
failure 

NOTE Definitions 3.57 and 3.58 are preliminary and may be superseded by more general definitions. 

3.59  
porcelain-housed arrester 
arrester using porcelain as housing material, with fittings and sealing systems 

3.60  
polymer-housed arrester 
arrester using polymeric and composite materials for housing, with fittings. 

NOTE 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. 

3.61  
bending moment 
horizontal force acting on the arrester housing multiplied by the vertical distance between the 
mounting base (lower level of the flange) of the arrester housing and the point of application 
of the force 

3.62  
terminal line force 
force perpendicular to the longitudinal axis of the arrester measured at the centre line of the 
arrester 

3.63  
torsional loading 
each horizontal force at the top of a vertical mounted arrester housing which is not applied to 
the longitudinal axis of the arrester 

3.64  
breaking load 
force perpendicular to the longitudinal axis of a porcelain-housed arrester leading to 
mechanical failure of the arrester housing 

3.65  
damage limit 
lowest value of a force perpendicular to the longitudinal axis of a polymer-housed arrester 
leading to mechanical failure of the arrester housing 
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3.69  
internal parts 
metal-oxide resistor elements with supporting structure 

3.70  
seal (gas/watertightness) 
ability of an arrester to avoid ingress of matter affecting the electrical and/or mechanical 
behaviour into the arrester 

4 Identification and classification 

4.1 Arrester identification 

Metal-oxide surge arresters 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, if other than one of the standard frequencies (see 5.2); 
– nominal discharge current; 
– rated short-circuit withstand current in kiloamperes (kA). For arresters for which no short-

circuit rating is claimed, the sign "–" shall be indicated; 
– the manufacturer's name or trade mark, type and identification of the complete arrester; 
– identification of the assembling position of the unit (for multi-unit arresters only); 
– the year of manufacture; 
– serial number (at least for arresters with rated voltage above 60 kV). 

NOTE If sufficient space is available the nameplate should also contain 

• line discharge class or high lightning duty type (see Annex C);  

• contamination withstand level of the enclosure (see IEC 60815). 

3.66  
specified long-term load 
SLL   
force perpendicular to the longitudinal axis of an arrester, allowed to be continuously applied 
during service without causing any mechanical damage to the arrester 

3.67 
specified short-term load  
SSL 
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 and extreme wind gusts) without causing any mechanical damage to the 
arrester 

NOTE SSL does not relate to mechanical strength requirements for seismic loads. See M.2.  

3.68 
mean breaking load  
MBL 
the average breaking load for porcelain or cast resin-housed arresters determined from tests  

 

                    #

                          $
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4.2 Arrester classification 

Surge arresters are classified by their standard nominal discharge currents and they shall 
meet at least the test requirements and performance characteristics specified in Table 3. 

NOTE For the 10 000 A and 20 000 A arresters, there are five types differentiated by the amplitude and the 
duration of the long-duration current which they are capable of withstanding (see Table 5).  

Table 1 – Arrester classification 

 Standard nominal discharge current a 

 20 000 A 10 000 A 5 000 A 2 500 A 1 500 A 

Rated voltage Ur (kVrms) 360 < Ur ≤ 756 3 ≤ Ur ≤ 360 Ur ≤ 132 Ur ≤ 36 b 

a In some countries it is customary to classify arresters as follows: 
– station for 10 000 A and 20 000 A arresters; 
– intermediate or distribution for 5 000 A arresters; 
– secondary for 1 500 A arresters. 
b This low-voltage range is under consideration. 

 

5 Standard ratings and service conditions 

5.1 Standard rated voltages 

Standard values of rated voltages for arresters (in kilovolts 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 
kV r.m.s. 

Steps of rated voltage 
kV r.m.s. 

  < 3 
 3 – 30 
 30 – 54 
 54 – 96 
 96 – 288 
 288 – 396 
 396 – 756 

Under consideration 
 1 
 3 
 6 
12 
18 
24 

NOTE Other values of rated voltage may be accepted, provided they are multiples of 6. 

5.2 Standard rated frequencies 

The standard rated frequencies are 50 Hz and 60 Hz. 

5.3 Standard nominal discharge currents 

The standard nominal 8/20 discharge currents are: 20 000 A, 10 000 A, 5 000 A, 2 500 A and 
1 500 A (see 3.30).  
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5.4 Service conditions 

5.4.1 Normal service conditions 

Surge arresters which conform to this standard shall be suitable for normal operation under 
the following normal service conditions: 

a) ambient air temperature within the range of –40 °C to +40 °C; 
b) solar radiation; 
NOTE The effects of maximum solar radiation (1,1 kW/m2) have been taken into account by preheating the test 
specimen in the type tests. If there are other heat sources near the arrester, the application of the arrester should 
be subject to an agreement between the manufacturer and the purchaser.  

c) altitude not exceeding 1 000 m; 
d) frequency of the a.c. power supply not less than 48 Hz and not exceeding 62 Hz; 
e) power-frequency voltage applied continuously between the terminals of the arrester not 

exceeding its continuous operating voltage; 
f) mechanical conditions (under consideration); 
g) pollution conditions (no requirement at this time); 

h) wind speeds ≤ 34 m/s; 
i) vertical erection. 

5.4.2 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. 

6 Requirements 

6.1 Insulation withstand of the arrester housing 

The arrester housing shall withstand the following voltages when tested according to 8.2: 

– The lightning impulse protection level of the arresters (see 3.39) multiplied by 1,3. 
NOTE 1 The 1,3 factor covers variations in atmospheric conditions and discharge currents higher than 
nominal. 

– For 10 000 A and 20 000 A arresters with rated voltages of 200 kV and above, switching 
impulse protection level of the arrester (see 3.39) multiplied by 1,25. 
NOTE 2 The 1,25 factor covers variations in atmospheric conditions and discharge currents higher than the 
maximum values of Table 4 (see 8.3.3). 

– Power-frequency voltage in wet conditions for arrester housings for outdoor use and in dry 
conditions for arrester housings for indoor use. 

Housings of 1 500 A, 2 500 A and 5 000 A arresters and high lightning duty arresters (Annex C) 
shall withstand a power-frequency voltage with a peak value equal to the lightning impulse 
protection level multiplied by 0,88 for a duration of 1 min. 

Housings of 10 000 A and 20 000 A arresters with rated voltages less than 200 kV shall 
withstand a power-frequency voltage with a peak value equal to the switching impulse 
protection level multiplied by 1,06 for a duration of 1 min. 
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6.2 Reference voltage 

The reference voltage of each arrester shall be measured by the manufacturer at the 
reference current selected by the manufacturer (see 7.2). The minimum reference voltage of 
the arrester at the reference current used for routine tests shall be specified and published in 
the manufacturer's data. 

6.3 Residual voltages 

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

The maximum residual voltage of a given arrester design for any current and waveshape is 
calculated from the residual voltage of sections tested during type tests multiplied by a 
specific scale factor. This scale factor is equal to the ratio of the declared maximum residual 
voltage, as checked during the routine tests, to the measured residual voltage of the sections 
at the same current and waveshape. 

NOTE For some arresters with a rated voltage of less than 36 kV (see item b) of 9.1), the reference voltage may 
be used for this calculation instead of the residual voltage. 

6.4 Internal partial discharges 

The internal partial discharges in the arrester energized at 1,05 times the continuous 
operating voltage shall be ≤10 pC. 

6.5 Seal leak rate 

For arresters having an enclosed gas volume and a separate sealing system, seal leak rates 
shall be specified as defined in 8.11 and item d) of 9.1. 

6.6 Current distribution in a multi-column arrester 

The manufacturer shall specify the highest value of the current in a column of a multi-column 
arrester, see item e) of 9.1. 

6.7 Thermal stability 

When agreed between manufacturer and purchaser, a special thermal stability test may be 
performed according to 9.2.2. 

6.8 Long-duration current impulse withstand 

Arresters shall withstand long-duration currents as checked during type tests (see 8.4).  

For 20 000 A and 10 000 A arresters the long-duration withstand is demonstrated by a line 
discharge test (see 8.4.2) with the line discharge class specified by the user. 

For 5 000 A and 2 500 A arresters the long-duration withstand is demonstrated by a long- 
duration impulse test (see 8.4.3). 
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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. 

The residual voltage measured before and after the long-duration current test shall not have 
changed by more than 5 %. 

6.9 Operating duty 

Arresters shall be able to withstand the combination of stresses arising in service as 
demonstrated by the operating duty tests (see 8.5). These stresses shall not cause damage 
or thermal runaway. 

For 1 500 A, 2 500 A, 5 000 A and 10 000 A line discharge Class 1 arresters and high 
lightning duty arresters (see Annex C), this is demonstrated by the high current impulse 
operating duty test (see 8.5.4 and Figure 1 or Figure C.1). 

For 10 000 A line discharge Classes 2 and 3 and 20 000 A line discharge Classes 4 and 5 
arresters, this is demonstrated by the switching surge operating duty test (see 8.5.5 and Figure 
2). 

The arrester has passed the test if thermal stability is achieved, if the residual voltage 
measured before and after the test is not changed by more than 5 %, and if examination of 
the test samples after the test reveals no evidence of puncture, flashover or cracking of the 
non-linear metal-oxide resistors. 
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see 8.3.2 

20 °C ± 15 K

Preheat to 60 °C ± 3 K 

see note of 8.5.4.2

20 °C ± 15 K 

see 8.5.4.1 

see 8.5.4.2 

see 8.5.4.2 

see 8.3.2 

IEC   216/04 

 

Figure 1 – Operating duty test on 10 000 A line discharge Class 1, 5 000 A, 2 500 A 
and 1 500 A arresters (see 8.5.4)  
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20 °C ± 15 K

see 8.3.2

Preheat to 60 °C ± 3 K 

50 s to 60 s 

see note of 8.5.5.2

20 °C ± 15 K 

see 8.5.5.1 

see 8.5.5.1 

see 8.4.2

see 8.4.2

see 8.5.5.2 

see 8.3.2

IEC   217/04 

 

Figure 2 – Operating duty test on 10 000 A arresters line discharge Classes 2 and 3 
and 20 000 A arresters line discharge Classes 4 and 5 (see 8.5.5) 
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6.10 Power-frequency voltage versus time characteristics of an arrester 

The manufacturer shall supply data on the allowable time duration of power-frequency voltage 
and the corresponding voltage value which may be applied to the arrester after 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 as power-frequency voltage versus time curves with the 
impulse energy consumption prior to this power-frequency voltage application stated on the 
above-mentioned 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 D shall be used. 

6.11 Short-circuit 

!An arrester for which a short-circuit rating is claimed by the manufacturer shall be 
subjected to a short-circuit test according to 8.7 to show that the arrester will not fail in a 
manner that causes violent shattering of the housing and that self-extinguishing of open 
flames (if any) occurs within a defined period of time." 

6.12 Disconnector 

6.12.1 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 8.6.2.1); 
– operating duty test (see 8.6.2.2); 

!– for surge arresters to be installed in overhead lines with system voltages exceeding 52 
kV, test of the lightning impulse discharge capability (see Annex N)." 

6.12.2 Disconnector operation 

The time delay for the operation of the disconnector is determined for three values of current 
according to 8.6.3. There shall be clear evidence of effective and permanent disconnection by 
the device. 

6.13 Requirements for auxiliary equipment such as grading components 

No requirement at this time. 

6.14 Mechanical loads 

The manufacturer shall specify the maximum permissible terminal loads relevant for 
installation and service, such as cantilever, torque and tensile loads. 
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6.14.1 Bending moment 

The arrester shall be able to withstand the manufacturer's declared values for bending loads 
(see 8.9). 

NOTE 2 Surge arresters enclosed within their package should withstand the transportation loads specified by the 
user in accordance with IEC 60721-3-2, but not less than Class 2M1.  

NOTE 3 Unlike porcelain-housed arresters, polymer-housed arresters may show mechanical deflections in 
service.  

6.14.2 Resistance against environmental stresses 

The arrester shall be able to withstand environmental stresses as defined in 8.10. 

6.14.3 Insulating base 

When an arrester is fitted with an insulating base, this device shall withstand each of the 
following tests without any damage, which could affect its normal function: 

– test of the bending moment (see 8.9); 
– environmental tests (see 8.10). 

6.15 Electromagnetic compatibility 

Arresters are not sensitive to electromagnetic disturbances and therefore no immunity test is 
necessary. 

In normal working operating conditions, surge arresters shall not emit significant 
disturbances. A radio interference voltage test (RIV) shall be applied to arresters having a 
rated voltage of 77 kV and above (see 8.12). The maximum radio interference level of the 
arrester energized at 1,05 times its continuous operating voltage shall not exceed 2 500 μV. 

6.16 End of life 

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

! 
6.17 Lightning impulse discharge capability 

For surge arresters to be installed in overhead lines with system voltages exceeding 52 kV, 
the lightning impulse discharge capability shall be demonstrated by the tests and procedures 
of Annex N." 

7 General testing procedure 

7.1 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. 

NOTE 1 When determining the mechanical load applied to a surge arrester, the user should consider, for 
example, wind, ice and electromagnetic forces likely to affect the installation. 
#

$

6.14.4 Mean value of breaking load (MBL) 

The MBL shall be  1,2 times the specified short-term load (SSL) (see 8.9.4). 

#

$
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7.2 Reference voltage measurements 

The reference voltage of an arrester (see 3.35) is measured at the reference current (see 
3.34) on sections and units when required. The measurement shall be performed at an 
ambient temperature of 20 °C ± 15 K 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.  

7.3 Test samples 

Unless otherwise specified, all tests shall be made on the same arresters, arrester sections or 
arrester units. They shall be new, clean, completely assembled (for example, with grading 
rings if applicable) and arranged to simulate as closely as possible the conditions in service.  

When tests are made on sections it is necessary that the sections represent the behaviour of 
all possible arresters within the manufacturer's tolerances with respect to a specific test.  

The samples to be chosen for the line discharge test (see 8.4.2) and operating duty test 
(see 8.5) shall have a reference voltage value at the lowest end of the variation range 
declared by the manufacturer. Furthermore, in case of multi-column arresters, the highest 
value of uneven current distribution shall be considered. In order to comply with this demand 
the following shall be fulfilled. 

a) The ratio between the rated voltage of the complete arrester to the rated voltage of the 
section is defined as n. The volume of the resistor elements used as test samples shall 
not be greater than the minimum volume of all resistor elements used in the complete 
arrester divided by n. 

b) The reference voltage of the test section should be equal to k Ur/n where k is the ratio 
between the minimum reference voltage of the arrester and its rated voltage. If Uref > 
k Ur/n for an available test sample, the factor n shall be reduced correspondingly. (If Uref < 
k Ur/n the arrester may absorb too much energy. Such a section can be used only after 
agreement from the manufacturer.) 

c) For multi-column arresters the distribution of the current between the columns shall be 
measured at the impulse current used for current distribution test (see item e) of 9.1). The 
highest current value shall not be higher than an upper limit specified by the manufacturer. 

8 Type tests (design tests) 

8.1 General 

Type tests defined in this clause apply to porcelain-housed arresters. The tests also apply to 
other types of arrester (polymer-housed, GIS, dead-front and separable, and liquid-immersed) 
unless otherwise noted in 10.8 for polymer-housed arresters, 11.8 for GIS arresters, 12.8 for 
dead-front and separable arresters, or 13.8 for liquid-immersed arresters. 

Type tests shall be made as indicated in Table 3, except for 20 000 A arresters especially 
applicable for high lightning intensity areas with highest system voltage in the range 1 kV to 
52 kV (see Table C.1). 

Unless stated elsewhere, all tests with power-frequency voltages shall be made with an 
alternating voltage having a frequency between the limits of 48 Hz and 62 Hz and an 
approximately sinusoidal waveshape. 
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Table 3 – Arrester type testsa 

 Standard nominal discharge current 

 20 000 A 10 000 A 5 000 A 2 500 A 1 500 A 

Rated voltage Ur (kVrms) 360 < Ur ≤ 756 3 ≤ Ur ≤ 360 Ur ≤ 132 Ur ≤ 36 Under 
consideration 

1 Insulation withstand tests on the 
arrester housingb 

8.2.6, 8.2.7 8.2.6, 8.2.7, 
8.2.8 

8.2.6, 8.2.8 8.2.6, 8.2.8 8.2.6, 8.2.8 

2 Residual voltage testc Table J.1 Table J.1 Table J.2 Table J.2 Table J.2 
a) Steep current impulse residual  
 voltage test 8.3.1 8.3.1 8.3.1 8.3.1 8.3.1 

b) Lightning impulse residual voltage  
 test 8.3.2 8.3.2 8.3.2 8.3.2 8.3.2 

c) Switching impulse residual voltage  
 test 

8.3.3 8.3.3 Not 
required 

Not 
required 

Not 
required 

3 Long-duration current impulse  
 withstand testd 

8.4.2 8.4.2 8.4.3 8.4.3 Not 
required 

4 Operating duty teste      
a) High-current impulse operating  
 duty test 

Not 
required 

8.5.4 
Table 8 

8.5.4 
Table 8 

8.5.4 
Table 8 

8.5.4 
Table 8 

b) Switching surge operating duty  
 test 

8.5.5 
Table 5 

8.5.5 
Table 5 

Not 
required 

Not 
required 

Not 
required 

5 Short circuitf 8.7 8.7 8.7 8.7 8.7 

6 Arrester disconnector/fault  
 indicator (when fitted)g 8.6 8.6 8.6 8.6 8.6 

7 Polluted housing testh Annex F 

8 Internal partial discharge testi 8.8 8.8 8.8 8.8 – 

9 Bending momentj 8.9 8.9 8.9 8.9 8.9 

10 Environmental testsk 8.10 8.10 8.10 8.10 8.10 

11 Seal leak ratel 8.11 8.11 8.11 8.11 8.11 

12 Radio interference voltage (RIV)m 8.12 8.12 8.12 8.12 8.12 
a  Numbers in rows 1-12 refer to clauses and subclauses in this standard. 
b Insulation withstand tests, see also 6.1. 
 These tests demonstrate the ability of the arrester housing to withstand voltage stresses under dry and wet 

conditions. 
c  Residual voltage tests, see also 6.3.  
 These tests demonstrate the protective levels of the arrester. 
d  For long-duration current impulse withstand test, see also 6.8.  
 These tests demonstrate the ability of the resistor elements to withstand possible dielectric and energy 

stresses without puncture or flashover. 
e Operating duty tests, see also 6.9. 
 These tests demonstrate the thermal stability of the arrester under defined conditions. 
f  Short-circuit tests: see also 6.11. 
g Tests of arrester disconnectors, see also 6.12.  
 For arresters fitted with disconnectors these tests demonstrate the correct operation of the disconnector. 
h  Artificial pollution test for porcelain-housed multi-unit surge arresters.  
 This test is made to evaluate the temperature rise of the internal parts due to a non-linear and transient 

voltage grading caused by the pollution layer on the surface of the arrester housing. 
 A preliminary calculation of the maximum theoretical temperature rise shall be performed according to Clause 

F.5. If the result of the calculation is less than 40 K, no test is required. If the result of the calculation is 40 K 
or higher, a test according to Annex F shall be performed unless, by agreement between user and 
manufacturer (for example, based on service experience in specified environments), the test can be omitted. 

I  Internal partial discharge test: see also 6.4.  
 This test measures the internal partial discharges. 
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Table 3 (continued) 

j  Bending moment test.  
 This test demonstrates the ability of the arrester to withstand the manufacturer's declared values for bending 

loads. 
k  Environmental tests 
  These tests demonstrate by accelerated test procedures that the sealing mechanism and the exposed metal 

combinations of the arrester are not impaired by environmental conditions. 
l  Seal leak rate test, see also 6.5. 
  This test demonstrates the gas/water-tightness of the complete system.It applies to all arresters employing 

porcelain housings and to arresters with polymer housings having seals and associated components essential 
for the maintenance of a controlled atmosphere within the housing (arresters with enclosed gas volume and a 
separate sealing system). 

m  Radio interference voltage test : see also 6.15. 

 
The required numbers of samples and their conditions are specified in the individual clauses. 
Arresters which differ only in methods of mounting or arrangement of the supporting structure 
and which are otherwise based on the same components and similar construction resulting in 
the same performance characteristics including their heat dissipation conditions and internal 
atmosphere, are considered to be of the same design.  

8.2 Insulation withstand tests on the arrester housing 

8.2.1 General 

The voltage withstand tests demonstrate the voltage withstand capability of the external 
insulation of the arrester housing. For other designs the test has to be agreed upon between 
the manufacturer and the purchaser.  

The tests shall be performed in the conditions and with the test voltages specified in 6.1 and 
repeated below. The outside surface of insulating parts shall be carefully cleaned and the 
internal parts removed or rendered inoperative to permit these tests. 

8.2.2 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 (for example, grading elements) to provide linear voltage 
distribution along the arrester axis.  

8.2.3 Tests on complete arrester housing assemblies 

Under consideration.  

8.2.4 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.  
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8.2.5 Wet test procedure 

The external insulation of outdoor arresters shall be subjected to wet withstand tests under 
the test procedure given in IEC 60060-1. 

8.2.6 Lightning impulse voltage test 

The arrester shall be subjected to a standard lightning impulse voltage dry test according to 
IEC 60060-1. 

Fifteen consecutive impulses at the test voltage value shall be applied for each polarity. The 
arrester shall be considered to have passed the test if no internal disruptive discharges occur 
and if the number of the external disruptive discharges does not exceed two in each series of 
15 impulses. The test voltage shall be equal to the lightning impulse protection level of the 
arrester multiplied by 1,3.  

If the dry arcing distance or the sum of the partial dry arcing distances is larger than the test 
voltage divided by 500 kV/m, this test is not required.  

8.2.7 Switching impulse voltage test 

The 10 000 A and 20 000 A arresters with rated voltages of 200 kV and above shall be 
subjected to a standard switching impulse voltage test according to IEC 60060-1. Arresters for 
outdoor use shall be tested in wet conditions, arresters for indoor use in dry conditions. 

Fifteen consecutive impulses at the test voltage value shall be applied for each polarity. The 
arrester shall be considered to have passed the test if no internal disruptive discharges occur 
and if the number of the external disruptive discharges does not exceed two in each series of 
15 impulses. The test voltage shall be equal to the switching impulse protection level of the 
arrester multiplied by 1,25.  

8.2.8 Power-frequency voltage test  

The housings of arresters for outdoor use shall be tested in wet conditions, and housings of 
arresters for indoor use, in dry conditions. 

Housings of 1 500 A, 2 500 A and 5 000 A arresters and high lightning duty arresters (Annex C) 
shall withstand a power-frequency voltage with a peak value equal to the lightning impulse 
protection level multiplied by 0,88 for a duration of 1 min. 

Housings of 10 000 A and 20 000 A arresters with rated voltages less than 200 kV shall withstand 
a power-frequency voltage with a peak value equal to the switching impulse protection level 
multiplied by 1,06 for a duration of 1 min. 

8.3 Residual voltage tests 

The purpose of the residual voltage type test is to obtain the data necessary to derive the 
maximum residual voltage as explained in 6.3. It includes the calculation of the ratio between 
voltages at specified impulse currents and the voltage level checked in routine tests. The 
latter voltage can be either the reference voltage 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. 
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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 specified currents and wave-shapes are obtained by multiplying the measured residual 
voltages of the test sections by the ratio of the declared maximum residual voltage at the 
routine test current to the measured residual voltage for the section at the same current. 

For arresters with rated voltages below 36 kV (see item b) of 9.1), the manufacturer may 
choose to check only the reference voltage by routine test. The maximum reference voltage 
shall then be specified. The measured residual voltages of the test sections are multiplied by 
the ratio of this maximum arrester reference voltage to the measured reference voltage of the 
test sections to obtain maximum residual voltages for all specified currents and wave shapes.  

All residual voltage tests shall be made on the same three samples of complete arresters or 
arrester sections. The time between discharges shall be sufficient to permit the samples to 
return to approximately ambient temperature. For multi-column arresters the test may be 
performed on sections made of only one column; the residual voltages are then measured for 
currents obtained from the total currents in the complete arrester divided by the number of 
columns.  

8.3.1 Steep current impulse residual voltage test 

One steep current impulse in accordance with 3.16 with a peak value equal to the nominal 
discharge current of the arrester ±5 % shall be applied to each of the three samples. The 
peak value and the impulse shape of the voltage appearing across the three samples shall be 
recorded and, if necessary, corrected for inductive effects of the voltage measuring circuit as 
well as the geometry of the test sample and the test circuit.  

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

NOTE A possible way to achieve identical current wave shapes during all measurements is to perform them with 
both the test sample and the metal block in series in the test circuit. Only their positions relative to each other need 
to be interchanged for measuring the voltage drop on the metal block or on the test sample.  

The sample impulse voltage wave shape (corrected if necessary) with the highest peak value 
shall be used to determine the steep current impulse residual voltage of the arrester 
according to one of the following procedures a) or b). 
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Procedure a) 

1) Multiply the sample impulse voltage waveshape by the scale factor (see 6.3). 
2) From the waveshape of the steep current impulse, determine the rate of change of current 

(di/dt) over the entire waveshape and multiply it by the inductance in order to determine 
the inductive voltage drop: 

u(t) = L di/dt = L’ h di/dt 
 where 
 u(t) is the inductive voltage drop as a function of time (kV); 

 L’ is the inductivity per unit length (μH/m); 
L’ = 1 for outdoor arresters; 
L’ = 0,3 for GIS arresters; 

 h is the terminal-to-terminal length of the arrester (m); 

 di/dt is the rate of change of current with time (kA/μs). 
3) Add the results of 1) and 2) on a waveshape basis; the peak value of the resulting 

waveshape is the steep current impulse residual voltage of the arrester. 

Procedure b) 

1) Multiply the peak value of the sample impulse voltage by the scale factor (see 6.3). 
2) Determine the inductive voltage drop between the arrester terminals using the following 

formula: 

UL = L di/dt = L’ h In/Tf 

 where 
 UL is the peak value of the inductive voltage drop (kV); 

 L’ is the inductivity per unit length (μH/m); 
  L’ = 1 for outdoor arresters; 
  L’ = 0,3 for GIS arresters; 

 h is the terminal-to-terminal length of the arrester (m); 

 Tf is the front time of the steep current impulse; equal to 1 μs; 
 In is the nominal discharge current (kA). 

3) Add the results of 1) and 2); the resulting value is the steep current impulse residual 
voltage of the arrester. 

8.3.2 Lightning impulse residual voltage test 

One lightning current impulse in accordance with 3.17 shall be applied to each of the three 
samples for each of the following three peak values of approximately 0,5, 1 and 2 times the 
nominal discharge current of the arrester. Virtual front time shall be within 7 µs to 9 μs while 
the half-value time (which is not critical) may have any tolerance. The residual voltages are 
determined in accordance with 6.3. The maximum values of the determined residual voltages 
shall be drawn in a residual voltage versus discharge current curve. The residual voltage read 
on such a curve corresponding to the nominal discharge current is defined as the lightning 
impulse protection level of the arrester. 

NOTE If a complete arrester routine test cannot be carried out at one of the above currents, then additional type 
tests should be carried out at a current in the range of 0,01 to 0,25 times nominal discharge current for comparison 
to the complete arrester.  
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8.3.3 Switching impulse residual voltage test 

One switching current impulse in accordance with 3.32 of each specified value in Table 4 
shall be applied to each of the three samples with peak values according to Table 4 with a 
tolerance of ±5 %. The residual voltages are determined in accordance with 6.3. The highest 
of these three voltages is defined as the switching impulse residual voltage of the arrester at 
the respective current. The switching impulse protection level of the arrester is defined as the 
highest voltage measured at the currents specified in Table 4. 

Table 4 – Peak currents for switching impulse residual voltage test 

Arrester 
classification 

Peak currents 
A 

20 000 A, line discharge Classes 4 and 5 500 and 2 000 

10 000 A, line discharge Class 3 250 and 1 000 

10 000 A, line discharge Classes 1 and 2 125 and 500 

 
8.4 Long-duration current impulse withstand test 

8.4.1 General 

Before the tests the lightning impulse residual voltage at nominal discharge current of each 
test sample shall be measured for evaluation purposes.  

Each long-duration current impulse withstand test shall be made in accordance with 7.3 and 
8.1 on three new samples of complete arresters, arrester sections or resistor elements which 
have not been subjected previously to any test except that specified above for evaluation 
purposes. The non-linear metal-oxide resistors may be exposed to the open air at a still air 
temperature of 20 °C ± 15 K during these tests. The rated voltage of the test samples shall be 
at least 3 kV if the rated voltage of the arrester is not less than this and need not exceed 
6 kV. If an arrester disconnector/fault indicator is built into the design of the arrester under 
consideration, these tests shall be made with the disconnector/fault indicator in operable 
condition (see 8.6). 

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

Following the long-duration current test and after the sample has cooled to near ambient 
temperature, the residual voltage tests which were made before the long-duration current test 
shall be repeated for comparison with the values obtained before the test, and the values 
shall not have changed by more than 5 %.  

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.  

8.4.2 Line discharge test requirements for 20 000 A and 10 000 A arresters 

This test consists in 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 5. 
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Table 5 – Parameters for the line discharge test  
on 20 000 A and 10 000 A arresters 

Arrester 
classification Line discharge 

class 

Surge impedance 
of the line Z 

Ω 

Virtual duration 
of peak T 

μs 

Charging voltage 
 UL 

kV d.c. 

10 000 A 1 4,9 Ur 2 000 3,2 Ur  

10 000 A 2 2,4 Ur 2 000 3,2 Ur 

10 000 A 3 1,3 Ur 2 400 2,8 Ur 

20 000 A 4 0,8 Ur 2 800 2,6 Ur 

20 000 A 5 0,5 Ur 3 200 2,4 Ur 

Ur is the rated voltage of the test sample in kilovolts r.m.s.  

NOTE Classes 1 to 5 correspond to increasing discharge requirements. The selection of the appropriate 
discharge class is based on system requirements and is dealt with in Annex E.  

 
The energy (W) injected into the test sample is determined from the parameters of Table 5 by 
the formula: 

W = Ures × (UL – Ures) × 1/Z  × T 
where Ures is the lowest value of the switching impulse residual voltage measured on the 
three test samples for the lower current value of Table 4.  

The test may be carried out with any generator fulfilling the following requirements. 

a) The virtual duration of the peak of the current impulse shall be between 100 % and 120 % 
of the value specified in Table 5. 

b) The virtual total duration of the current impulse shall not exceed 150 % of the virtual 
duration of the peak. 

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

d) The energy for each impulse on each tested sample shall lie between 90 % and 110 % of 
the above calculated value for the first impulse and between 100 % and 110 % of this 
value for the following impulses.  

The current generator shall be disconnected from the test sample later than once and earlier 
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 I.  

8.4.3 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. 

a) The virtual duration of the peak shall lie between 100 % and 120 % of the value specified 
in Table 6. 

b) The virtual total duration shall not exceed 150 % of the virtual duration of the peak. 
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c) 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. 

d) The peak current shall lie between 90 % and 110 % of the value specified in Table 6 for 
the first impulse and between 100 % and 110 % of this value for the following impulses.  

Table 6 – Requirements for the long-duration current impulse test 
on 5 000 A and 2 500 A arresters 

Arrester 
classification 

Peak current 
A 

Virtual duration of peak T 
μs 

5 000 A 
2 500 A 

75 
50 

1 000 
500 

 

8.5 Operating duty tests 

8.5.1 General 

As explained in 6.9, these are tests in which service conditions are simulated by the 
application to the arrester of a stipulated number of specified impulses in combination with 
energization by a power supply of specified voltage and frequency. The voltage should be 
measured with an accuracy of ±1 % and its peak value is not allowed to vary by more than 
1 % from no-load to full-load condition. The ratio of peak voltage to r.m.s. value should not 
deviate from 2  by more than 2 %. During the operating duty tests, the power frequency 
voltage should not deviate from the specified values by more than ±1 %.  

The main requirement to pass these tests is that the arrester is able to cool down during the 
power-frequency voltage application, i.e. thermal runaway does not occur. It is required, 
therefore, that the arrester sections tested shall have both a transient and a steady-state 
heat-dissipation capability equal to or less than for the complete arrester (see 8.5.3).  

The test sequence comprises 

– initial measurements; 
– conditioning; 
– application of impulses; 
– measurements and examination. 

This sequence is illustrated in Figures 1 and 2 and in Figure C.1. 

The test shall be made on three samples of complete arresters or arrester sections in 
accordance with 7.2, 7.3 and 8.1 at an ambient temperature of 20 °C ± 15 K. The rated 
voltage of the test samples shall be at least 3 kV if the rated voltage of the arrester is not 
lower than this and need not exceed 12 kV. If an arrester disconnector/fault indicator is built 
into the design of arrester under consideration, these tests shall be made with the 
disconnector/fault indicator in operable condition, see 8.6.  

For arresters rated above 12 kV it is usually necessary to make this test on an arrester 
section because of the 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. The operating duty test shall, therefore, be carried out on new resistors at 
elevated test voltages Uc

*  and Ur
*  that give the same power losses as aged resistors at 

continuous operating and rated voltage respectively. These elevated test voltages shall be 
determined from the accelerated ageing procedure in the way described in 8.5.2.2.  

The power-frequency test voltages to be applied to the test arrester section shall be the 
continuous operating (see 3.9) and rated (see 3.8) voltages of the complete arrester divided 
by the total number of similar arrester sections n (see 7.3). These voltages, Usc equal to Uc/n 
and Usr equal to Ur/n are modified according to 8.5.2.2 to establish the elevated test voltages 
Uc

*  and Ur
* . 

NOTE The established preheat temperature of 60 °C ± 3 K specified in Figures 1 and 2 is a weighted average that 
covers the influence of ambient temperature, solar radiation and some influence of pollution on the arrester 
housing.  

8.5.2 Accelerated ageing procedure 

This test procedure is designed to determine the voltage values Uc
*  and Ur

* used in the 
operating duty tests (see Figures 1 and 2 and Table C.1) which will allow those tests to be 
carried out on new resistors. 

NOTE An alternate test procedure for resistors stressed close to or above the reference voltage Uref is under 
consideration. 

8.5.2.1 Test procedure 

Three resistor samples shall be stressed at a voltage equal to the corrected maximum 
continuous operating voltage Uct (see below) of the sample for 1 000 h, during which the 
temperature shall be controlled to keep the surface temperature of the resistor at 115 °C ± 4 K. 

All material (solid or liquid) in direct contact with the resistors shall be present during the 
ageing test with the same design as used in the complete arrester. 

During this accelerated ageing, the resistor shall be in the surrounding medium used in the 
arrester. In this case, the procedure shall be carried out on single resistors in a closed 
chamber where the volume of the chamber is at least twice the volume of the resistor and 
where the density of the medium in the chamber shall not be less than the density of the 
medium in the arrester. 

NOTE 1 The medium surrounding the resistor within the arrester may be subject to a modification during the 
normal life of the arrester due to internal partial discharges. Possible change of the medium surrounding the 
resistor in the field can significantly increase the power losses. 

A suitable test procedure taking into account such modifications is under consideration. During this time an 
alternative procedure consists in performing the test in N2 or SF6 (for GIS-arresters) with a low oxygen 
concentration (less than 0,1 % in volume). This ensures that even in the total absence of oxygen, the arrester will 
not age. 

If the manufacturer can prove that the test carried out in the open air is equivalent to that 
carried out in the actual medium, the ageing procedure can be carried out in the open air. The 
relevant voltage for this procedure is the corrected maximum continuous operating voltage 
(Uct), which the resistors support in the arrester including voltage unbalance effects. This 
voltage should be determined by voltage distribution measurements or computations. 

NOTE 2 Information on procedures for voltage distribution calculations are given in Annex L. 
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For arresters with a length H of less than 1 m, except for arresters with conductive, grounded enclosures such as 
GIS-arresters, liquid-immersed, dead-front or separable arresters, the voltage may be determined from the 
following formula: 

Uct = Uc (1 + 0,15 H) 

where H is the total length of the arrester (m). 

The ageing procedure described above shall be carried out on three typical samples of 
resistor elements with a reference voltage fulfilling the requirements of 7.3. The power 
frequency voltage shall fulfil the requirements stated for the operating duty test (see 8.5.1).  

8.5.2.2 Determination of elevated rated and continuous operating voltages 

The three test samples shall be heated to 115 °C ± 4 K and the resistor power losses P1ct 
shall be measured at a voltage of Uct 1 h to 2 h after the voltage application. The resistor 
power losses shall be measured once in every 100 h time span after the first measurement 
giving P1ct. Finally, the resistor power losses P2ct shall be measured after 1 000

0
100+  h of 

ageing under the same conditions. Accidental intermediate de-energizing of the test samples, 
not exceeding a total duration of 24 h during the test period is permissible. The interruption 
will not be counted in the duration of the test. The final measurement should be performed 
after not less than 100 h of continuous energizing. Within the temperature range allowed, all 
measurements shall be made at the same temperature ±1 K. 

The minimum power losses value among those measured at least every 100 h time span shall 
be called P3ct. This is summarized in Figure 3. 

P
ow

er
 lo

ss

P1ct

P3ct

P2ct

1 000 h0

Time
IEC   1781/01  

Figure 3 – Power losses of the arrester at elevated temperatures versus time 
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• If P2ct is equal to, or below, 1,1 times P3ct, then the test according to 8.5.4.2 and 
8.5.5.2 shall be performed on new resistors 

– if P2ct is equal to, or less than, P1ct, Usc and Usr are used without any modification; 
– if P2ct is greater than P1ct, the ratio P2ct/P1ct is determined for each sample. The 
highest of these three ratios is called Kct. On three new resistors at ambient temperature, 
the power losses P1c and P1r are measured at Usc and Usr respectively. Thereafter, the 
voltages are increased so that the corresponding power losses P2c and P2r fill the relation: 

ct
c1

c2 K
P

P
= ; ct

r1

r2 K
P

P =  

Uc
*  and Ur

* are the highest of the three increased voltages obtained. As an alternative, 
aged resistors may also be used after agreement between the user and the manufacturer. 

• If P2ct is greater than 1,1 times P3ct, and P2ct is greater than or equal to P1ct then 
aged resistors shall be used for the following tests of 8.5.4.2 and 8.5.5.2. New 
resistors with corrected values Uc

*  and Ur
*  can be used, but only after agreement 

between the user and the manufacturer. 

Aged resistors are, by definition, resistors tested according to 8.5.2.1.  

Table 7 summarizes these cases. 

Table 7 – Determination of elevated rated and continuous operating voltages 

Power losses measured Test samples and test voltage for the operating duty test 

P2ct ≤ 1,1 × P3ct and P2ct ≤P1ct New samples at Usc and Usr 

P2ct ≤ 1,1 × P3ct and P2ct >P1ct New samples at Usc* and Usr * 

P2ct > 1,1 × P3ct and P2ct <P1ct Aged samples at Usc and Usr  

P2ct > 1,1 × P3ct and P2ct ≥P1ct  
Aged samples at Usc and Usr (or new samples at Usc* and Usr * 
after agreement between the user and the manufacturer) 

 
Where aged resistors are used in the operating duty test, it is recommended that the time 
delay between the ageing test and the operating duty test be not more than 24 h. 

The measuring time should be short enough to avoid increased power loss due to heating. 

! 
8.5.2.3 Test procedure for resistor elements stressed at or above the reference voltage 

If Uct is close to or above the reference voltage, it may not be possible to perform an 
accelerated ageing test at Uct, due to the extreme voltage dependence for the power losses 
and stability of available voltage source. If Uct ≥ 0,95*Uref and if it is not possible to perform 
an accelerated ageing test according to 8.5.2.1, this alternative test procedure shall apply and 
replaces 8.5.2.1 and 8.5.2.2. 

NOTE To provide an overview and to serve as an aid to understanding the procedure, the steps required are as 
follows. 

1) Calculate power loss, Pct, for the highest stressed resistor (at Ta = 40 °C and U = Uc)." 
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2) !Determine the steady-state temperature, Tst, for the highest stressed part of the arrester by using one of 
the three alternative procedures of 8.5.2.3.1. 

3) At a voltage Uct, determine the ratio, kx, of power loss at 115 °C to power loss at Tst for the type of resistor 
elements used. 

4) Perform an accelerated ageing test at constant power loss, kx * Pct. 

5) Interrupt the test for a short time and take measurements of power loss at specified time intervals. 

6) If Tst > 60 °C, increase test temperature or test time. 

7) Evaluate the power losses of step 5) according to 8.5.2.3.3. 

8.5.2.3.1 Determination of test parameters 

Calculate the power losses, Pct, per resistor element at the maximum ambient temperature of 
40 °C with the arrester energized at Uc, for the highest voltage stressed resistor according to 
Annex L including the effect of the resistive current.  

NOTE 1 For dead-front and liquid-immersed arresters, 65 °C and 95 °C, respectively, apply as maximum ambient 
temperatures. 

Select one of the three following test procedures to determine the steady-state temperature, 
Tst, of the most stressed part of the arrester at maximum ambient temperature.  

NOTE 2 The test procedures are considered to be conservative in increasing order from 1 to 3.  

1. At an ambient temperature of 25 °C ± 10 K, energize the complete arrester at the claimed 
Uc until steady-state temperature conditions have been attained. The temperature shall be 
measured on resistor elements, at five points as evenly spaced as possible over the most 
highly stressed 20 % portion of the length of each column of the arrester. If this 20 % 
portion contains less than five resistor elements, the number of measuring points may be 
limited to one point on each resistor element. The average temperature rise above 
ambient of the resistor elements shall be added to the maximum ambient temperature to 
obtain the temperature Tst. 

2. At the maximum ambient temperature, energize a thermally pro-rated section representative 
for the arrester type at a voltage level, which results in the same power losses per resistor 
element as determined above. Keep the power losses constant by adjusting the voltage if 
necessary. Measure the temperature of the resistors in steady-state condition and calculate 
the average steady-state temperature, which is set equal to Tst. 

3. At an ambient temperature of 25 °C ± 10 K, energize a thermally pro-rated section 
representative for the arrester type at a voltage level which results in the same power 
losses per resistor element as determined above. Keep the power losses constant by 
adjusting the voltage if necessary. Measure the temperature of the resistors in steady-
state condition and calculate the average steady-state temperature rise, ΔTst, above 
ambient. Determine the temperature, Tst ,by adding ΔTst to the maximum ambient 
temperature. 

The prorated section shall represent the steady-state thermal behaviour of the complete 
arrester. 

NOTE 3 The section may not necessarily be the same as that used for the operating duty test.  

At a voltage Uct, determine the ratio, kx, of power losses at 115 °C to power losses at Tst for 
the type of resistor elements used. For this test the voltage source shall fulfil the requirements 
according to 8.5.1." 
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!8.5.2.3.2 Test procedure 

Three resistor samples shall be subjected to constant power losses equal to kx*Pct (tolerance 

0
30+ %) for 1 000 h. During the test, the temperature shall be controlled to keep the surface 

temperature of the resistor at the required test temperature Tt ± 4 K. The applied test voltage 
at the start of the test shall be not less than 0,95*Uct. 

If the temperature, Tst, is equal to or below 60 °C, Tt shall be 115 °C. If Tst is above 60 °C, 
either the test temperature or the testing time shall be increased as follows. 

a) Increase of the test temperature 

Tt = 115 + (Tst – Ta,max – ΔTn) 

where 
Tt  is the test temperature in °C; 
Tst is the steady-state temperature of the resistors in °C; 
Ta,max  is the maximum ambient temperature in °C; 

ΔTn  = 20 K. 
NOTE 1 For liquid-immersed arresters ΔTn = 25 K, which results from the requirement that the operating duty 
test starting temperature for these arresters (120 °C) is 25 K above the maximum ambient temperature (95 °C), 
while for other arresters the difference between the operating duty test starting temperature and the maximum 
ambient temperature is 20 K. 

b) Increase of the testing time 

t = t0 * 2,5ΔT/10 

where 
t is the testing time in h; 
t0 = 1 000 h;  

ΔT is the temperature above 60 °C. 
NOTE 2 For dead-front and liquid-immersed arresters, t0 is 2 000 h and 7 000 h, respectively, and ΔT is the 
temperature above 85 °C and 120 °C, respectively.  

8.5.2.3.3 Determination of elevated rated and continuous operating voltages 

The three test samples shall be heated to Tt ± 4 K and subjected to the constant power losses 
kx*Pct. One to two hours after the voltage application, the voltage is adjusted to a voltage in 
the range 0,95* Uct to Uct and the power losses, P1ct, are measured. During the test, after 
30 %, 50 % and 70 % of the testing time, the measurement of power losses is repeated under 
the same conditions with respect to temperature and voltage. The minimum power loss values 
at these times are designated as P3ct. At the end of the ageing test, under the same 
conditions with regard to block temperature and at the same voltage, the power losses P2ct 
are determined."  
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!  If P2ct is equal to or below 1,1 times P3ct, then the test according to 8.5.4 and 8.5.5 shall 
         be performed on new resistors: 

– if P2ct is equal to or less than P1ct, Usc and Usr are used without any modification; 
– if P2ct > P1ct, the ratio P2ct/P1ct is determined for each sample. The highest of these 

ratios is called Kct. On three new resistors at ambient temperature, the power losses 
P1c and P1r are measured at Usc and Usr, respectively. Thereafter, the voltages are 
increased so that the corresponding power losses P2c and P2r fill the relation: 

ct
c1

c2 K
P
P

= ;  ct
r1

r2 K
P
P

=  

Uc* and Ur* are the highest of the three increased voltages obtained. As an alternative, 
aged resistors may also be used after agreement between the user and the manufacturer. 

• If P2ct is greater than 1,1 times P3ct, and P2ct is greater than or equal to P1ct, then aged 
resistors shall be used for the following test of 8.5.4 and 8.5.5. New resistors with 
corrected values Uc* and Ur* can be used, but only after agreement between the user 
and the manufacturer. 

Aged resistors are, by definition, resistors tested according to 8.5.2.3.2. 

These cases are summarized in Table 7. 

Where aged resistors are used in the operating duty test, it is recommended that the time 
delay between the ageing test and the operating duty test be not more than 24 h. 

The measuring time should be short enough to avoid increased power loss due to heating." 

8.5.3 Heat dissipation behaviour of test sample 

8.5.3.1 General 

In the operating duty tests the behaviour of the test sample is to a great extent dependent on 
the ability of the sample to dissipate heat, i.e. to cool down after being stressed by a 
discharge. 

Consequently, the test samples shall have a transient and a steady-state heat dissipation 
capability and heat capacity equivalent to the complete arrester if correct information is to be 
obtained from the test. For the same ambient conditions the non-linear metal-oxide resistors 
in the sample and in the complete arrester should in principle reach the same temperature 
when subjected to the same voltage stress.  

•
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8.5.3.2 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 a sliced portion of the active part of 
the arrester being modelled. 

b) The housing shall meet the following requirements: 
1) the material shall be the same as that of the arrester housing; 
2) the inside diameter shall be the same as that of the arrester ±5 %; 
3) the total mass of the housing shall not be more than 10 % greater than the mass of the 

average housing section of the arrester being modelled; 
4) the housing shall be long enough to enclose the arrester section, and the amount of 

insulation at the two ends shall be adjusted so as to meet the thermal requirements 
described in Annex B. 

c) The maximum conductor size used for electrical connections within the sample is a copper 
wire of 3 mm in diameter .  

8.5.4 High current impulse operating duty test 

This test applies to 1 500 A, 2 500 A, 5 000 A and 10 000 A line discharge Class 1 arresters 
and high lightning duty arresters in Annex C, according to 6.9. 

The complete test sequence is illustrated in Figure 1 or in Figure C.1. 

Before the conditioning test, as the first part of the operating duty test, the lightning impulse 
residual voltage at nominal discharge current of each of the three test samples (resistor 
elements) is determined at ambient temperature (see 8.3.2). 

8.5.4.1 Conditioning 

The samples are exposed to a conditioning test consisting of 20 8/20 lightning current 
impulses according to 3.17 and having a peak value equal to the nominal discharge current of 
the arrester. The impulses are applied while the test sample is energized at 1,2 times the 
continuous operating voltage of the sample. The 20 impulses are applied in four groups of five 
impulses. The interval between the impulses shall be 50 s to 60 s and the interval between 
groups shall be 25 min to 30 min. It is not required that the test sample be energized between 
groups of impulses. The polarity of the current impulse shall be the same as that of the half-
cycle of power-frequency voltage during which it occurs, and it shall be applied 60 ± 15 
electrical degrees before the peak of the power-frequency voltage.  

This conditioning test may be carried out on the resistor elements in open air at a still air 
temperature of 20 °C ± 15 K. The measured peak value of the current impulse shall be within 
90 % and 110 % of the specified peak value.  

After this conditioning test, the resistors are stored for future use in the operating duty tests 
(see Figure 1 and Figure C.1).  

8.5.4.2 Application of impulses 

At the beginning of the operating duty test the temperature of the complete section shall be 
20 °C ± 15 K.  
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The section is subjected to two high current impulses with peak value and impulse shape as 
specified in Table 8. High lightning duty arresters specified in Annex C are subjected to three 
30/80 impulses with a peak value of 40 kA. 

Table 8 – Requirements for high current impulses 

Arrester 
classification 

Peak current 
4/10 
kA 

10 000 A 
5 000 A 
2 500 A 
1 500 A 

100 
65 
25 
10 

NOTE  According to service conditions, other values (lower or higher) may 
be adopted for the peak current.  

Between the two impulses the section shall be preheated in an oven so that the temperature 
at the application of the second impulse is 60 °C ± 3 K. The tests shall be carried out at an 
ambient temperature of 20 °C ± 15 K. 

If a higher temperature is deemed necessary because of high pollution or abnormal service 
conditions, then the higher value is used for the test if agreed to between manufacturer and 
purchaser.  

The tolerances on the adjustment of the equipment shall be such that the measured values of 
the current impulses are within the following limits: 

a) from 90 % to 110 % of the specified peak value; 

b) from 3,5 μs to 4,5 μs for virtual front time; 

c) from 9 μs to 11 μs for virtual time to half-value on the tail; 
d) the peak value of any opposite polarity current wave shall be less than 20 % of the peak 

value of the current; 
e) small oscillations on the impulse are permissible provided their amplitude near the peak of 

the impulse is less than 5 % of the peak value. Under these conditions, for the purpose of 
measurement, a mean curve shall be accepted for determination of the peak value.  

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

Annex H 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 ( *

rU ) and the elevated continuous operating 

voltage ( *
cU ) (see 8.5.2) shall be applied for a time period of 10 s and 30 min, respectively, to 

prove thermal stability or thermal runaway.  

NOTE To reproduce actual system conditions the second high current impulse is preferably applied while the 

sample is energized at Ur
* . The 100 ms are permitted in view of practical limitations in the test circuit.  

The current shall be recorded in each impulse and the current records from the same sample 
should show no difference that indicates puncture or flashover of the sample. 
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The current at the elevated continuous operating voltage (Uc
* ) shall be registered 

continuously 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 8.5.6).  

Following the complete test sequence and after the test sample has cooled to near ambient 
temperature, the residual voltage tests which were made at the beginning of the test 
sequence are repeated.  

The arrester has passed the test if thermal stability is achieved, if the change in residual 
voltage measured before and after the test is not more than 5 %, and if examination of the 
test samples after the test reveals no evidence of puncture, flashover or cracking of the non-
linear metal-oxide resistors. 

8.5.5 Switching surge operating duty test 

This test applies to 10 000 A line discharge Classes 2 and 3 and 20 000 A line discharge 
Classes 4 and 5 arresters according to 6.9. 

The complete test sequence is illustrated in Figure 2.  

Before the switching surge operating duty test the lightning impulse residual voltage at 
nominal discharge current of each of the three test samples (resistor elements) is determined 
at ambient temperature (see 8.3.2).  

The test samples shall be suitably marked to ensure the correct polarity of application in the 
following subclauses.  

8.5.5.1 Conditioning 

The samples are exposed to a conditioning test, the first part of which consists of 20 8/20 
current impulses according to 3.17 and a peak value equal to the nominal discharge current of 
the arrester. The impulses are applied while the test sample is energized at 1,2 times the 
continuous operating voltage of the sample. The 20 impulses are applied in four groups of five 
impulses. The interval between the impulses shall be 50 s to 60 s and the interval between 
groups shall be 25 min to 30 min. It is not required that the test sample be energized between 
groups of impulses. The polarity of the current impulse shall be the same as that of the half- 
cycle of power-frequency voltage during which it occurs, and it shall be applied 60 ± 15 
electrical degrees before the peak of the power-frequency voltage.  

This first part of the conditioning may be carried out on the resistor elements in open air at a 
still air temperature of 20 °C ± 15 K.  

The second part of the conditioning is the application of two high current impulses 100 kA 
4/10 (see 3.31). The measured peak value of the current impulses shall be within 90 % and 
110 % of the specified peak value.  

After this conditioning the sections are stored for future use in the switching surge operating 
duty test. 

Page 45
BS EN 60099-4:2004+A2:2009

EN 60099-4:2004+A2:2009

Full document details: BS EN 60099-4:2004+A2:2009

http://www.avadocuments.com/doc/bs-en-60099-4-2004-a2-2009
http://www.avadocuments.com/doc/bs-en-60099-4-2004-a2-2009


8.5.5.2 Application of impulses 

At the beginning of the switching surge operating duty test, that is before the application of 
two long-duration current impulses, the temperature of the complete section shall be 60 °C ± 
3 K at the ambient temperature of 20 °C ± 15 K.  

If a higher temperature is deemed necessary because of high pollution or abnormal service 
conditions, then the higher value may be used for the test if agreed between manufacturer 
and purchaser. 

The arrester section shall be subjected to two long-duration current impulses as specified in 
Table 5 for the relevant line discharge classes. The time interval between the impulses shall 
be 50 s to 60 s. The conditioning impulses and the long-duration current impulses shall be 
applied with the same polarity.  

After the second long-duration current impulse, the section shall be disconnected from the line and 
connected to the power-frequency source as soon as possible but not later than 100 ms after 
the impulse. The elevated rated voltage ( *

rU ) and the elevated continuous operating voltage ( *
cU ), 

determined from the accelerated ageing procedure described in 8.5.2, shall be applied for a 
time period of 10 s and 30 min respectively to prove thermal stability or thermal runaway.  

NOTE To reproduce actual system conditions the second long-duration current impulse should be applied while 

the sample is energized at 
*
rU . The 100 ms are permitted in view of practical limitation in the test circuit.  

Oscillographic records of the voltage across and current through the test sample shall be 
made at the second long-duration current impulse. The energy dissipated by the test sample 
during the second operation shall be determined from the voltage and current oscillograms, 
and the energy value shall be reported in the type test report. The current and voltage shall 
be registered continuously 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 run-away.  

Following the complete test sequence, and after the test sample has cooled to near ambient 
temperature, the residual voltage tests which were made at the beginning of the test 
sequence are repeated.  

The arrester has passed the test if thermal stability is achieved (see 8.5.6), if the change in 
residual voltage measured before and after the test is not more than 5 %, and if visual 
examination of the test samples after the test reveals no evidence of puncture, flashover or 
cracking of the non-linear metal-oxide resistors. 

8.5.6 Evaluation of thermal stability in the operating duty tests  

The arrester sections subjected to the operating duty tests are considered to be thermally 
stable and pass the test if the peak of the resistive component of the leakage current or power 
dissipation or resistor temperature steadily decreases at least during the last 15 min of Uc

*  
voltage application in the procedures shown in Figures 1, 2 and C.1 for the respective types 
of arresters.  
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The peak of the resistive component of leakage current is strongly influenced by the stability 
of the applied voltage and also by the change in ambient temperature. Because of this, the 
judgement whether the arrester is thermally stable or not may in some cases not be clear at 
the end of the *

cU  voltage application. If that is the case, the time of the *
cU  voltage 

application shall be extended until the steady decrease in the current or power dissipation or 
temperature is clearly confirmed. If an increasing trend of current or power dissipation or 
temperature is not observed within 3 h of voltage application the section is considered stable. 

8.6 Tests of arrester disconnectors/fault indicators 

8.6.1 General 

In this procedure, the term “disconnector/fault indicator” shall mean either a disconnector or a 
fault indicator, whichever type of device is used with the arrester.  

These tests shall be made on arresters which are fitted with arrester disconnectors/fault 
indicators or on the disconnector/fault indicator assembly alone if its design is such as to be 
unaffected by the heating of adjacent parts of the arrester in its normally installed position. 
The test sample shall be mounted in accordance with the manufacturer's published 
recommendations using the maximum recommended size and stiffness and the shortest 
recommended length of connecting lead. In the absence of published recommendations, the 
conductor shall be hard-drawn bare copper approximately 5 mm in diameter and 30 cm long, 
arranged to allow freedom of movement of the disconnector/fault indicator when it operates.  

8.6.2 Current impulse and operating duty withstand tests  

As noted in 8.4 and 8.5, these tests will be made at the same time as the tests on the 
arrester, for arresters with built-in disconnector/fault indicators. In the case of 
disconnector/fault indicators 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/fault indicator shall withstand without 
operating each of the following tests. Three new samples shall be used for each different test. 

8.6.2.1 Long-duration current impulse test 

This test shall be made in accordance with 8.4 with the peak current and duration 
corresponding to the highest classification of arrester with which the disconnector/fault 
indicator is designed to be used, see Tables 4 and 5. 

8.6.2.2 Operating duty test 

This test shall be made in accordance with 8.5 with the sample disconnector/fault indicator 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.  

8.6.3 Disconnector operation 

8.6.3.1 Time versus current curve test 

Data for a time-versus-current curve shall be obtained at three different symmetrically initiated 
current levels – 20 A, 200 A and 800 A r.m.s. ± 10 % – flowing through test sample 
disconnectors with or without arresters as required by 8.6.1.  
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For tests on disconnectors affected by internal heating of the associated arresters, the non-
linear resistors shall be bypassed with a bare copper wire 0,08 mm to 0,13 mm in diameter in 
order to start the internal arcing.  

For tests on disconnectors unaffected by the operation of the associated arrester, the 
arrester, if it is used for mounting the disconnector, shall have its non-linear resistors shunted 
or replaced by a conductor of size sufficient to ensure that it will not be melted during the test.  

The test voltage may be any convenient value so long as it is sufficient to maintain full current 
flow in the arc over the arrester elements and sufficient to cause and maintain arcing of any 
gaps upon which operation of the disconnector may depend. The test voltage shall not exceed 
the rated voltage of the lowest rated arrester with which the disconnector is designed to be 
used.  

The parameters of the test circuit should first be adjusted, with the test sample shunted by a 
link of negligible impedance to produce the required value of current. The closing switch 
should be timed to close the circuit within a few electrical degrees of voltage crest so as to 
produce nearly symmetrical current. An opening switch may be provided with provision for 
adjusting the time of current flow through the test sample. This switch may be omitted when 
accurate control over the current duration is not necessary. After the test circuit parameters 
have been adjusted, the link shunting the test sample shall be removed.  

The current flow shall be maintained at the required level until operation of the disconnector 
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 durations 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. 

8.6.3.2 Evaluation of disconnector performance 

There shall be clear evidence of effective and permanent disconnection by the device. If there 
is no clear evidence of effective and permanent disconnection by the device, 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 1mA r.m.s. 
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