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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

___________ 
 

COUPLING CAPACITORS AND CAPACITOR DIVIDERS –  
 

Part 1: General rules  
 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60358-1 has been prepared by IEC Technical Committee 33: Power 
capacitors and their applications. 

This standard cancels and replaces the second edition of IEC 60358 (1990), and constitutes a 
technical revision. 

This edition of IEC 60358-1 includes the following significant technical changes with respect to 
the former edition of IEC 60358: 

– The standard has been split into different parts; Part 1 is the general rules and Parts 2, 3, 4 
will be specific to the PLC, filters and dividers applications. 

– The routine and type test have been reviewed and are presented in Figure 2. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

33/499/FDIS 33/508/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

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

The committee has decided that the contents of this publication will remain unchanged until the 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 
the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

The contents of the corrigendum of July 2013 have been included in this copy. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

For the new re-structured IEC 60358 series, the following parts are envisaged: 

IEC 60358-11,  Coupling capacitors and capacitor dividers – Part 1: General rules 

IEC 60358-22,  Coupling capacitor and capacitor dividers – Part 2: AC or DC single-phase 
coupling capacitor connected between line and ground for power line carrier-
frequency (PLC) application 

IEC 60358-33,  Coupling capacitors and capacitor dividers – Part 3: AC or DC single-phase 
coupling capacitor for harmonic-filters applications 

IEC 60358-44,  Coupling capacitor and capacitor dividers – Part 4: AC or DC single-phase 
capacitor-divider and RC-divider connected between line and ground (except 
for CVT’s which belong to IEC 61869-5) 

___________ 
1  To be published. 

2  To be published. 

3  Under consideration. 

4  Under consideration. 
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COUPLING CAPACITORS AND CAPACITOR DIVIDERS –  
 

Part 1: General rules 
 
 
 

1 Scope 

This part of IEC 60358 applies to: 

• Capacitors, with rated voltage > 1 000 V, connected line to ground with the low voltage 
terminal either permanently earthed or connected to devices, for applications listed 
hereunder and other similar uses.  

This standard serves as basic standard for the coupling capacitor, the different parts of this 
standard will present the supplementary specifications and tests, for example IEC 60358-2, 
IEC 60358-3 or IEC 60358-4.  

NOTE Diagrams of coupling capacitor to which this standard applies are given in Figures A.1. 

2 Normative references  

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

IEC 60038, IEC standard voltages 

IEC 60050-321:1986, International Electrotechnical Vocabulary – Chapter 321: Instrument 
transformers 

IEC 60050-436:1990, International Electrotechnical Vocabulary – Chapter 436: Power 
capacitors 

IEC 60050-601:1985, International Electrotechnical Vocabulary – Chapter 601: Generation, 
transmission and distribution of electricity – General 

IEC 60050-604:1987, International Electrotechnical Vocabulary – Chapter 604: Generation, 
transmission and distribution of electricity – Operation  

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

IEC 60068-2-17, Basic environmental testing procedures – Part 2-17: Tests – Test Q: Sealing 

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

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

IEC 60721 (all parts), Classification of environmental conditions 

IEC 61462, Composite hollow insulators – Pressurized and unpressurized insulators for use in 
electrical equipment with rated voltage greater than 1 000 V – Definitions, test methods, 
acceptance criteria and design recommendations 
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CISPR/TR 18-2, 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 terms and definitions apply.  

NOTE Some of these terms and definitions are identical with or are similar to those of IEC 60050-321:1986, 
IEC 60050-436:1990, IEC 60050-601:1985 and IEC 60050-604:1987. These are indicated by the relevant reference 
in brackets. 

3.1 General terms and definitions 

3.1.1  
equipment 
general term used for this standard, either for complete capacitor, capacitor divider, RC-divider 

3.1.2  
coupling capacitor 
capacitor used for the transmission of signals in a power system  

[SOURCE: IEC 60050-436:1990, 436-02-11] 

3.1.3  
rated frequency of equipment 
frequency for which the coupling capacitor has been designed 

3.1.4  
standard reference range of frequency 
range of frequency which is applicable for the equipment.  

3.1.5  
rated voltage  
UR 
value of the voltage which appears in the designation of the equipment and on which its 
performance is based  

[SOURCE: IEC 60050-321:1986, 321-01-12] 

3.1.6  
highest voltage for equipment  
Um 
a.c.: the highest r.m.s. value of phase-to-phase voltage for which the equipment is designed 
and may be used in respect of its insulation 

d.c.: the highest value of line to ground voltage for which the equipment is designed and may 
be used in respect of its insulation 

3.1.7  
d.c.-system voltage  
UDC 
highest mean or average operating voltage to earth, excluding harmonics and commutation 
overshoots  

[SOURCE: IEC 60071-5] 
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3.1.8  
Maximum d.c.-system voltage  
UDCmax 
maximum D.C.-system voltage is almost a pure d.c. voltage with a magnitude dependent on 
voltage control and measuring tolerance excluding harmonics and commutation overshoots. 

3.1.9  
rated insulation level 
combination of voltage values which characterises the insulation of the equipment with regard 
to its capability to withstand dielectric stresses 

3.1.10  
isolated neutral system 
system where the neutral point is not intentionally connected to earth, except for high 
impedance connections for protection or measurement purposes  

[SOURCE: IEC 60050-601:1985, 601-02-24] 

3.1.11  
solidly earthed (neutral) system 
system whose neutral point(s) is (are) earthed directly  

[SOURCE: IEC 60050-601:1985, 601-02-25] 

3.1.12  
impedance earthed (neutral) system 
system whose neutral point(s) is (are) earthed through impedances to limit earth fault currents  

[SOURCE: IEC 60050-601:1985, 601-02-26] 

3.1.13  
resonant earthed (neutral) system 
system in which one or more neutral points are connected to earth through reactances which 
approximately compensate the capacitive component of a single-phase-to-earth fault current  

[SOURCE: IEC 60050-601:1985, 601-02-27] 

Note 1 to entry:  With resonant earthing of a system, the residual current in the fault is limited to such an extent 
that an arcing fault in air is self-extinguishing. 

3.1.14  
earth fault factor 
at a given location of a three-phase system, and for a given system configuration, the ratio of 
the highest r.m.s. phase-to-earth power frequency voltage on a healthy phase during a fault to 
earth affecting one or more phases at any point on the system to the r.m.s. value of phase-to-
earth power frequency voltage which would be obtained at the given location in the absence of 
any such fault  

[SOURCE: IEC 60050-604:1987, 604-03-06] 

3.1.15  
earthed neutral system 
system in which the neutral is connected to earth either solidly or through a resistance or 
reactance of sufficiently low value to reduce transient oscillations and to give a current 
sufficient for selective earth fault protection 

a) A three-phase system with effectively earthed neutral at a given location is a system 
characterized by an earth fault factor at this point which does not exceed 1,4 
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Note 1 to entry: This condition is obtained approximately when, for all system configurations, the ratio of zero-
sequence reactance to the positive-sequence reactance is less than 3 and the ratio of zero-sequence 
resistance to positive-sequence reactance is less than one. 

b) A three-phase system with non-effectively earthed neutral at a given location is a system 
characterized by an earth fault factor at this point that may exceed 1,4 

3.1.16  
unified specific creepage distance USCD 
creepage distance of an insulator divider by the r.m.s value of the highest operating voltage 
across the insulator  

Note 1 to entry: This definition differs from that of specific creepage distance where the line-line value of the 
highest voltage for the equipment is used (for a.c. systems usually Um/√3). For line-to-earth insulation, this 
definition will result in a value that √3 times that given by the definition of specific creepage distance in IEC/TR 
60815 (1986). 

Note 2 to entry: For Um see IEC 60050-604:1987, 604-03-01. 

Note 3 to entry: It is generally expressed in mm/KV and usually expressed as a minimum. 

3.1.17  
exposed installation 
installation in which the apparatus is subject to overvoltages of atmospheric origin 

NOTE Such installations are usually connected to overhead transmission lines either directly or through a short 
length of cable. 

3.1.18  
non-exposed installation 
installation in which the apparatus is not subject to overvoltages of atmospheric origin 

Note 1 to entry: Such installations are usually connected to underground cable networks. 

3.1.19  
rated voltage factor  
FV 
multiplying factor to be applied to the rated voltage UR to determine the maximum voltage at 
which equipment must comply with relevant thermal requirements for a specified time 

3.1.20  
rated temperature category of the equipment 
range of temperature of the ambient air or of the cooling medium for which the equipment has 
been designed 

3.1.21  
line terminal 
terminal intended for connection to a line conductor of a network  

[SOURCE: IEC 60050-436:1990, 436-03-01] 

3.1.22  
mechanical stress 
stresses on different parts of the equipment as a function of four main forces:  

– forces on the terminals due to the line connections, 
– forces due to the wind on the cross-section of the equipment with and without line trap 

mounted on the top of a coupling/filter capacitor, 
– seismic forces and 
– electrodynamic forces due to short circuit current 
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3.1.23  
voltage-connected equipment 
equipment which has only one connection to the high voltage line 

Note 1 to entry: Under normal conditions the top connection carries only the current of the equipment. 

3.1.24  
current-connected equipment 
equipment which has two connections to the high voltage line 

Note 1 to entry: The terminals and the top connection are designed to carry the line current under normal 
conditions. 

3.1.25  
line trap-connected coupling/filter capacitor 
coupling/filter capacitor which supports a line trap on its top 

Note 1 to entry: In this case, the two connections to the line trap carry the HV line current and one connection 
from the line trap to the capacitor carries the current of the capacitor 

Note 2 to entry: The pedestal-mounting line traps in two phases generate additional forces during a short circuit in 
more than one phase. 

3.2 Coupling capacitor terms and definitions 

3.2.1  
coupling capacitor  
capacitor used for the transmission of signals in a power system  

[SOURCE: IEC 60050-436:1990, 436-02-11] 

3.2.2  
(capacitor) element 
device consisting essentially of two electrodes separated by a dielectric 

3.2.3  
(capacitor) unit 
assembly of one or more capacitor elements in the same container with terminals brought out  

[SOURCE: IEC 60050-436:1990, 436-01-04] 

3.2.4  
(capacitor) stack 
assembly of capacitor units connected in series  

[SOURCE: IEC 60050-436:1990, 436-01-05] 

3.2.5  
capacitor 
general term used when it is not necessary to state whether reference is made to a capacitor 
unit or to a capacitor stack 

3.2.6  
rated capacitance of a capacitor CR 
capacitance value for which the capacitor has been designed 

Note 1 to entry: This definition applies: 

• for a capacitor unit, to the capacitance between the terminals of the unit; 

• for a capacitor stack, to the capacitance between line and low voltage terminals or between line and earth 
terminals of the stack 
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3.2.7  
low voltage terminal of a coupling capacitor 
terminal (NHF) intended for connection to earth either directly or via a drain coil of negligible 
value of impedance, at rated frequency, for power line carrier (PLC) application  

[SOURCE: IEC 60050-436:1990, 436-03-04, modified] 

3.2.8  
capacitance tolerance 
permissible difference between the actual capacitance and the rated capacitance under 
specified conditions  

[SOURCE: IEC 60050-436:1990, 436-04-01] 

3.2.9  
equivalent series resistance of a capacitor 
virtual resistance which, if connected in series with an ideal capacitor of capacitance value 
equal to that of the capacitor in question, would have a power loss equal to the active power 
dissipated in that capacitor under specified operating conditions at a given high frequency 

3.2.10  
capacitor losses 
active power dissipated in the capacitor  

[SOURCE: IEC 60050-436:1990, 436-04-10] 

3.2.11  
tangent of the loss angle (tanδ) of a capacitor 
ratio between the active power Pa and the reactive power Pr: tanδ = Pa/Pr 

3.2.12  
temperature coefficient of capacitance TC 
fractional change of the capacitance for a given change in temperature:  

C
or

KTCo
CTK °∆

∆
=

11  

∆C  represents the observed change in capacitance over the temperature interval ∆T 

C20 °C  represents the capacitance measured at 20 °C 

Note 1 to entry: The term ∆C/∆T according to this definition is usable only if the capacitance is an approximate 
linear function of the temperature in the range under consideration. If not, the temperature dependency of the 
capacitance should be shown in a graph or a table. 

3.2.13  
dielectric of a capacitor 
insulating material between the electrodes 

Note 1 to entry: The major insulation generally consists of paper, plastic film, or a mixed of paper and plastic film 
subsequently treated and impregnated with oil or gas at atmospheric pressure or higher. 

4 Service conditions 

4.1 General 

Detailed information concerning classification of environmental conditions is given in the 
IEC 60721 series. 
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4.2 Normal service conditions 

4.2.1 Ambient air temperature 

The equipment is classified in three categories as given in Table 1. 

Table 1 – Rated ambient temperature categories 

Category Minimum temperature 
 °C 

Maximum temperature 
 °C 

–5/40 –5 40 

–25/40 –25 40 

–40/40 –40 40 

NOTE In the choice of the temperature category, storage and transportation 
conditions should also be considered. 

 

4.2.2 Altitude 

The altitude does not exceed 1 000 m. 

4.2.3 Vibrations or earthquakes 

Vibrations due to causes external to the equipment or earthquakes are negligible. 

4.2.4 Other service conditions for indoor equipment 

Other considered service conditions are the following: 

a) the influence of solar radiation may be neglected; 
b) the ambient air is not significantly polluted by dust, smoke, corrosive gases, vapours or 

salt; 
c) the conditions of humidity are as follows: 

1) the average value of the relative humidity, measured during a period of 24 h, does not 
exceed 95 %; 

2) the average value of the water vapour pressure for a period of 24 h, does not exceed  
2,2 kPa; 

3) the average value of the relative humidity, for a period of one month, does not exceed 
90 %; 

4) the average value of the water vapour pressure, for a period of one month, does not 
exceed 1,8 kPa. 

For these conditions, condensation may occasionally occur. 

NOTE 1 Condensation be expected where sudden temperature changes occur in periods of high humidity. 

NOTE 2 To withstand the effects of high humidity and condensation, such as breakdown of insulation or corrosion 
of metallic parts, equipment designed for such conditions should be used. 

NOTE 3 Condensation may be prevented by special design of the housing, by suitable ventilation and heating or 
by the use of dehumidifying equipment. 

4.2.5 Other service conditions for outdoor equipment 

Other considered service conditions are the following: 

a) average value of the ambient air temperature, measured over a period of 24 h, does not 
exceed 35 °C; 
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b) solar radiation up to a level of 1 000 W/m2 (on a clear day at noon) should be considered; 
c) the ambient air may be polluted by dust, smoke, corrosive gases, vapours or salt. The 

pollution does not exceed the pollution levels given in Table 5; 
d) the wind pressure does not exceed 700 Pa (corresponding to 34 m/s wind speed); 
e) account should be taken of the presence of condensation or precipitation. 

4.3 Special service conditions 

4.3.1 General 

When equipment may be used under conditions different from the normal service conditions 
given in 4.2, the user’s requirements should refer to standardized steps as follows. 

4.3.2 Altitude 

For installation at an altitude higher than 1 000 m, the arcing distance under the standardized 
reference atmospheric conditions shall be determined by multiplying the withstand voltages 
required at the service location by factor k in accordance with Figure 1. 

 

1,0 

1,1 

1,2 

1,3 

1,4 

1,5 

1 000 1 500 2 000 2 500 3 000 3 500 4 000 
h [m] 

m = 1 

m = 0,75 

k [1] 

IEC   305/04  

These factors can be calculated with the following equation: 

k = em (h – 1 000)/8 150 

where 
h is the altitude in metres; 
m = 1  for power-frequency and lightning impulse voltage; 
m = 0,75 for switching impulse voltage. 

NOTE As for the internal insulation, the dielectric strength is not affected by altitude. The method for checking the 
external insulation shall be agreed between manufacturer and purchaser. 

Figure 1 – Altitude correction factor for insulation 

4.3.3 Ambient temperature 

For installation in a place where the ambient temperature can be significantly outside the 
normal service condition range stated in 4.2.1, the preferred ranges of minimum and maximum 
temperature to be specified should be: 

a) −50 °C and 40 °C for very cold climates; 
b) −5 °C and 50 °C for very hot climates. 

NOTE 1 In extreme cases the purchasers shall inform the manufacturer of another temperature range. 
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In certain regions with frequent occurrence of warm humid winds, sudden changes of 
temperature may occur resulting in condensation even indoors. 

NOTE 2 Under certain conditions of solar radiation, appropriate measures e.g. roofing, forced ventilation, etc. may 
be necessary, in order not to exceed the specified temperature rises. 

4.3.4 Earthquakes 

For installations where earthquakes are likely to occur, the relevant severity level in 
accordance with IEC 62271 shall be specified by the user. 

The compliance with such special requirements, if applicable, has to be demonstrated, either 
by calculation or by testing as defined by relevant standards. 

4.4 System earthing 

The considered system earthings are: 

a) isolated neutral system (see 3.1.10); 
b) resonant earthed system (see 3.1.13); 
c) earthed neutral system (see 3.1.15): 

1) solidly earthed neutral system (see 3.1.11) 
2) impedance earthed (neutral) system (see 3.1.12). 

5 Ratings 

5.1 Standard values of rated frequency 

Standard values are 50 Hz and 60 Hz for a.c. voltages. 

5.2 Standard values of rated voltages 

5.2.1 Rated voltages UR for a.c. 

The standard values of rated voltage of an equipment connected between one line of a  
three-phase system and earth or between a system neutral point and earth shall be 1/ 3  times 
the values of rated system voltage. 

Preferred values are given in IEC 60038. 

NOTE The performance of an equipment is based on the rated voltage UR whereas the rated insulation level is 
based on one of the highest voltages for equipment Um (IEC 60071-1) 

5.2.2 Rated voltages UR for d.c. 

The values of rated voltage of an equipment connected between one line and earth is the 
values of rated d.c. line voltage. 

For filter capacitors the harmonics voltages have to be included in the rated voltage according 
to following formula: 

∑×+= 22 hDCMAXR UUU  

∑ 2
hU

: RMS voltage of AC voltage components 
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5.3 Standard values of rated voltage factor 

5.3.1 standard values of rated voltage factor for a.c. voltages 

The voltage factor is determined by the maximum operating voltage which, in turn, is 
dependent on the system earthing conditions. 

The standard voltage factors appropriate to the different earthing conditions are given in 
Table 2 below, together with the permissible duration of maximum operating voltage (i.e. rated 
time). 

Table 2 – Standard values of rated voltage factors 

Rated voltage 
factor 

FV 

Rated time Method of connecting the primary terminal 
 and system earthing conditions 

1,2 

1,5 

Continuous 

30 s 
Between phase and earth in an effectively 

earthed neutral system (3.1.15 a) 

1,2 

1,9 

Continuous 

30 s 
Between phase and earth in a non-effectively earthed 

neutral system (3.1.15 b)) with automatic earth-fault tripping. 

1,2 

1,9 

Continuous 

8 h 

Between phase and earth in an isolated neutral system (3.1.10) 
without automatic earth-fault tripping or in a resonant earthed 

system (3.1.13) without automatic earth-fault tripping. 

NOTE 1 Reduced rated times are permissible by agreement between manufacturer and user. 

NOTE 2 The thermal requirements of an equipment is based on the rated voltage whereas the rated insulation level is 
based on the highest voltage for equipment Um (IEC 60071-1). 

NOTE 3 The maximum operating voltage of an equipment must be lower or equal to the highest voltage of equipment 

3

m
U

 or the rated voltage UR multiplied with the rated voltage factor 1,2 for continuous service, whichever is the lowest. 

 

5.3.2 Standard values of rated voltage factor for d.c. voltages 

No rated voltage factor is applicable for d.c. voltages, the voltage is controlled through the 
converter and the rated voltage is including the tolerance of voltage (see definition  
UDCmax  in 3.1.8). 
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6 Design requirements 

6.1 Insulation requirements  

For AC-applications, the choice of the insulation level for equipment shall be made in 
accordance with the standard insulation levels in Table 3. The rated insulation levels shall be 
based on its highest voltage for equipment Um. 

Table 3 – Standard insulation levels for a.c. voltages 

Range 

Highest voltage 
for equipment 

Um 

Rated power-
frequency withstand 

voltage 

Rated lightning 
impulse withstand 

voltage 

Rated Switching 
withstand voltage 

(r.m.s.) (r.m.s.) (peak) (peak) 

kV kV kV kV 

I 

0,72 3 ---  

1,2 6 ---  

3,6 10 
20 

40 
 

7,2 20 
40 

60 
 

12 28 
60 

75 
 

17,5 38 
75 

95 
 

24 50 
95  

125 
 

36 70 
145 

170 
 

52 95 250  

72.5 140 325  

100 185 450  

123 
185 450  

230 550  

145 
230 550  

275 650  

170 
275 650  

325 750  

245 
395 950  

460 1 050  
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Range 

Highest voltage 
for equipment 

Um 

Rated power-
frequency withstand 

voltage 

Rated lightning 
impulse withstand 

voltage 

Rated Switching 
withstand voltage 

(r.m.s.) (r.m.s.) (peak) (peak) 

kV kV kV kV 

II 

300 

395 
850 

750 
950 

460 
950 

850 
1050 

362 

460 
950 

850 
1 050 

510 
1 050 

950 
1 175 

420 

570 

1 050 
850 

1 175 

1 175 
950 

1 300 

630 
1 300 

1 050 
1 425 

550 

630 

1 175 
950 

1 300 

1 300 
1 050 

1 425 

680 
1 425 

1 175 
1 550 

800 

880 

1 675 
1 300 

1 800 

1 800 
1 425 

1 950 

975 
1 950 

1 550 
2 100 

1 100 

 1 950 
1 425 

 2 100 

 2 100 
1 550 

 2 250 

 2 250 
1 675 

 2 400 

 2 400 
1 800 

 2 550 

1 200 

 2 100 
1 675 

 2 250 

 2 250 
1 800 

 2 400 

 2 550 
1 950 

 2 700 

NOTE 1 For exposed installations it is recommended to choose the highest insulation level. 

NOTE 2 Rated power frequency withstand voltage levels according to IEC 62271-203 may be different. 

NOTE 3 For alternative levels, see IEC 60071-1. 
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For d.c. application, the d.c. withstand voltage test is defined with a factor FT = 2,6. The voltage 
shall be applied during 10 seconds.  

d.c.-test voltage = (FT × UR) = 2,6 x UR  (UR: see 5.2.2) 

Applied general rules: 

– The rated positive wet switching impulse withstand voltage is the base for the determination 
of the minimum arcing distance (external insulation) of the equipment. 

– The strength of the external insulation is usually tested wet with the rated short duration 
power frequency withstand voltage (range I) or with the positive wet switching impulse 
withstand voltage (range II) (see 10.2). 

– The value of the rated lightning impulse withstand voltage is one factor with which to 
determine the strength of the dielectric of the capacitors. 

– For a.c. applications in IEC 60071-1, for each Um only two standard withstand voltages are 
sufficient to define the standard insulation level for the equipment: 

• range I: Um < 300 kV: rated lightning impulse withstand voltage and rated short-
duration power-frequency withstand voltage 

• range II: 300 kV ≤ Um ≤ 800 kV: rated switching and rated lightning impulse withstand 
voltages 

– For d.c. applications, no standards are available; the insulation level has to be defined 
between manufacturer and user. Usually for each rated voltage only two standard withstand 
voltages are sufficient to define the standard insulation level for the equipment: 

• range I: USIL < 750 kV: rated lightning impulse withstand voltage and corresponding 
rated power frequency withstand voltage in wet conditions (corresponding to the BIL 
voltage on table 3 

• range II: USIL ≥ 750 kV: rated switching (wet conditions) and rated lightning impulse 
withstand voltages 

– Due to the non-self-restoring internal insulation of equipment, for range II three standards 
withstand voltages are specified in Table 3. The short duration power frequency withstand 
voltage test (resp. d.c. voltage test for d.c. applications) has been specified for range II as 
a routine test with partial discharge measurement. The stress with a.c. voltage (resp. d.c. 
voltage for d.c. applications) determines the long term behaviour of the non-self-restoring 
internal insulation of the equipment. 

– The rated short-duration power frequency withstand voltage test (Table 3, column 3), with 
partial discharge (PD) measurement in range II is an indication for the stress on the 
insulation of the equipment. 

– The rated insulation level is based on the highest voltage for equipment Um, whereas the 
thermal requirement of the equipment is based on the rated voltage UR. 

– The choice of the insulation level shall be made in accordance with 5.2.1 and IEC 60071-1.  

6.2 Other insulation requirements 

6.2.1 Low voltage terminal not exposed to weather 

Equipment with a low-voltage terminal shall be subjected to a test voltage between the low-
voltage and earth terminals. The test voltage shall be an a.c. voltage of 4 kV (r.m.s. value). 

6.2.2 Low voltage terminal exposed to weather 

If the low voltage terminal is exposed to the weather, it shall be subjected to an a.c. voltage of 
10 kV (r.m.s. value) between the low-voltage and earth terminals. 
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6.2.3 Partial discharges 

The partial discharge level shall not exceed the limits specified in table 4 at the partial 
discharge test voltage specified in the same table, after a pre-stressing performed according to 
the procedures of 9.2.3.1. 

Partial discharge requirements are applicable to the complete equipment. 

Table 4 – Partial discharge test voltages and permissible levels 

Type of earthing of the system PD test voltage (r.m.s.) Permissible PD level (pC) Insulation 
immersed in liquid or gas 

Earthed neutral system 

Um 10 

3

m 1,2U
 5 

Insulated or non-effectively earthed 
neutral system  

1,2 Um 10 

3

m 1,2U
 5 

NOTE 1 If the neutral system is not defined, the values given for isolated or non-effectively earthed systems are 
valid. 

NOTE 2 The permissible PD level is also valid for frequencies different from the system frequency. 

NOTE 3 Due to big capacitance, the back ground noise level lower than 5pC cannot be reached, in that case, an 
agreement between purchaser and manufacturer should be made. 

 

For d.c. application, the PD measurement voltage shall 
be AC-voltage [kVrms] as follow: 1,2 x UR / √2 

The permissible PD level (pC) for equipment with  
insulation immersed in liquid or gas is 5pC 

NOTE 4 Due to big capacitance, the back ground noise level lower than 5pC cannot be reached, in that case, a 
permissible PD level of 10pC can be applied with a voltage 1,5 × UR / √2 

 

NOTE 5 For a.c. and for d.c. equipment, if only parts of the equipment are tested, the value of the test voltage 
will be equal to : 

1,05 × test voltage of the equipment × 
equipment theofvoltagerated

unittheofvoltagerated
  

or 

1,05 × test voltage of the equipment  × 
equipmenttheofvoltagerated

stacktheofvoltagerated
 

 

6.2.4 Chopped lightning impulse test 

The test is intended to check the internal connections of the equipment. 

If additionally specified, the complete equipment shall also be capable of withstanding a 
chopped lightning impulse voltage having a peak value of 115 % of the rated lightning impulse 
voltage. 

6.2.5 Capacitance at power frequency 

The capacitance C of a unit, a stack and a capacitor shall not differ from the rated capacitance 
by more than −5 % to +10 %.  
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The ratio of the capacitances of any two units forming part of a capacitor stack shall not differ 
by more than 5 % from the reciprocal ratio of the rated voltages of the units.  

The capacitance shall be measured at 0,1 times and 0,9 to 1,1 times the UR , respectively 
Ur/√2 for d.c. applications, or may be agreed upon between manufacturer and purchaser 

NOTE 1 
n

C
C

 o=  

where 

n  is the number of elements in series; 

Co  is the capacitance of one element. 

NOTE 2 The actual capacitance should be measured, or referred to, at the temperature at which the rated 
capacitance is defined. 

6.2.6 Losses of the capacitor at power frequency 

The requirements relating to capacitor losses, expressed as tanδ measured at 0,9 to 1,1 times 
the UR, resp. UR/√2 for d.c. applications, or may be agreed upon between manufacturer and 
purchaser. 

NOTE 1 The purpose is to check the uniformity of the production. Limits for the permissible variations may be the 
subject of an agreement between manufacturer and purchaser. 

NOTE 2 The tanδ value is dependent on the insulation design and the voltage, the temperature and the measuring 
frequency. 

NOTE 3 The tanδ value of certain types of dielectrics is a function of the energization time before the 
measurement. 

NOTE 4 The losses of the capacitor are an indication of the drying and impregnation process.  

NOTE 5 For information, typical tanδ values for dielectrics which are impregnated with mineral oil or synthetic oil 
are at 20 °C (293 K) and nominal voltage: 

a) Paper: ≤ 5 × 10-3 

b) Mixed: film-paper-film and paper-film-paper ≤ 3 × 10-3  

c) Film: ≤ 1 × 10-3 

NOTE 6 d.c. capacitor with parallel grading resistance will have a higher value than typical tanδ 

6.2.7 External insulation requirements 

For outdoor insulation susceptible to contamination, the minimum rated specific creepage 
distance measured on the insulation surface in millimetres is given in Table 5. 

Table 5 – Creepage distance 

Pollution level Minimum rated specific creepage distancea 
mm/kV a.c. b 

Creepage distance 
Arcing distance 

              mm Specific creepage distance for three-
phase a.c. systems 

Unified specific  
creepage distance 

a Very light 12,7 22,0 - 

b   Light 16 27,8 ≤ 3,5 

c   Medium 20 34,7 ≤ 3,5 

d   Heavy 25 43,3 ≤ 4,0 

e   Very heavy 31 53,7 ≤ 4,0 
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a For the actual creepage distance, the specified manufacturing tolerances are applicable (see IEC 62155). 

b  Ratio of the creepage distance measured in millimetres between phase and earth over the r.m.s. phase to phase 
value of the highest voltage in kV for the equipment Um (see IEC 60071-1). For other information and 
manufacturing tolerances on the creepage distance see IEC 60815. 

NOTE 1 It is recognized that the performance of surface insulation is greatly affected by insulator shape. 

NOTE 2 In the case of exceptional pollution severity, a specific rated creepage distance of 31 mm/kV may not be 
adequate. Depending on service experience and/or on laboratory test results, a higher value of specific creepage 
distance can be used, but in some instances the practicability of washing may have to be considered. 

NOTE 3 The values are for porcelain insulators. Composite insulators exist which have better performance against 
pollution, according to IEC 61462. 

 

Low-voltage terminals exposed to the weather shall have a rated creepage distance of at least 
60 mm. 

For d.c. voltages, no standards are available; the creepage distance has to be defined between 
manufacturer and purchaser. 

6.3 Electromagnetic emission requirements – Radio interference voltage (RIV) 

This requirement applies to equipment having Um ≥ 123 kV to be installed in air-insulated 
substation. The radio interference voltage shall not exceed 2 500 µV at  1,1 Um/ 3 . 

NOTE 1 This requirement is included to meet some electromagnetic compatibility regulations. 

NOTE 2 Although there is no direct conversion between RIV microvolts and PD picocoulombs, the equipment is 
considered to have passed the test if at 1,1 Um/ 3  the partial discharge level does not exceed 300 pC. 

For d.c. applications, the test will be done with an a.c. 50/60Hz voltage. The test voltage is 
defined as 1,1 Um/√2. The radio interference voltage shall not exceed 2 500 µV.  

6.4 Mechanical requirements 

Free standing equipment shall be capable of withstanding the static test loads given in Table 6. 

The specified test loads are intended to be applied in any direction to the primary terminals. 
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Table 6 – Static withstand test loads for insulators  

Highest voltage for 
equipment 

Um 
kV 

Static withstand test load FR [N] 

Equipment with: 

Voltage terminals 
Through current terminals 

Load class I Load class II 

72,5 to 100  500 1 250 2 500 

123 to 170 1 000 2 000 3 000 

245 to 362 1 250 2 500 4 000 

≥ 420 1 500 4 000 5 000 

d.c. voltages 1 500 2 500 4 000 

NOTE 1 These requirements do not apply to suspended equipment.  

NOTE 2 The sum of the loads acting in routine operating conditions should not exceed 50 % of the specified 
withstand test load. 

NOTE 3 In some applications equipment with through current terminals should withstand rarely occurring extreme 
dynamic loads (e.g. short circuits) not exceeding 1,4 times the static test load. 

NOTE 4 The suspension system of the equipment should be so designed to withstand a tensile stress of at least 
the mass in kilograms, with a safety factor of 2,5, multiplied by 9,81 to get the corresponding force in newtons. 

NOTE 5 If the equipment is used to support a line trap, other test loads should be agreed between manufacturer 
and purchaser. 

NOTE 6 For some applications it may be necessary to establish the resistance to rotation of the primary 
terminals. The moment to be applied during the test shall be agreed between manufacturer and purchaser. 

 

6.5 Tightness of equipment 

6.5.1 General 

The complete equipment shall be tight in the full temperature range specified for the applicable 
temperature category. 

6.5.2 Gas tightness 

6.5.2.1 General 

The following specifications apply to all equipment that use gas, other than air at atmospheric 
pressure, as an insulating medium. 

6.5.2.2 Closed pressure systems for gas 

The tightness characteristic of a closed pressure system stated by the manufacturer shall be 
consistent with a minimum maintenance and inspection philosophy. 

The tightness of closed pressure systems for gas is specified by the relative leakage rate Frel of 
each compartment. 

Standardized value is 0,5 % per year, for SF6 and SF6-mixtures. 

Means shall be provided to enable gas systems to be safely replenished while the equipment is 
in service. 

NOTE 1 These values can be used to calculate times between replenishments, T, outside extreme conditions of 
temperature. 

NOTE 2 Lower leakage rates can be specified according to national regulations and regional practice 
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An increased leakage rate at extreme temperatures (if such tests are required in the relevant 
standards) is acceptable, provided that this rate resets to a value not higher than the maximum 
permissible value at normal ambient air temperature. The increased temporary leakage rate 
shall not exceed the values given in Table 7. 

In general, for the application of an adequate test method, reference is made to 
IEC 60068-2-17. 

Table 7 – Permissible temporary leakage rates for gas systems 

Temperature class  
[°C] 

Permissible temporary leakage rate 

+40 and +50 

ambient temperature 

−5 /−10 /−15 /−25 /−40 

−50 

3Fp 

Fp 

3Fp 

6Fp 

 

6.5.2.3 Sealed pressure systems 

The tightness of sealed pressure systems is specified by their expected operating life. The 
manufacturer shall specify the expected operating life. Preferred values are 20 years and 
30 years. 

6.6 Voltage grading for d.c. capacitors 

The manufacturer should take in account the d.c. voltage distribution between the capacitor 
element of a unit and between the series connected unit by using grading resistors or 
equivalent grading systems. 

NOTE For instance, following criteria have to be taken in account 

– Thermal properties (thermal stability, temperature distribution)  

– Insulating system (construction, porcelain, composite insulator, …) 

– Pollution-levels. 

7 Test conditions 

Unless otherwise specified for a particular test or measurement, the temperature of the 
capacitor dielectric at the start of the test shall be between +5 °C and +35 °C and shall be 
known. 

It may be assumed that the temperature of the dielectric is the same as that of the ambient air, 
provided that the capacitor has been left in an unenergized state in a constant ambient-air 
temperature for an adequate period. 

If correction is necessary, the reference temperature shall be +20 °C, unless otherwise agreed 
between the manufacturer and the purchaser. 

Unless otherwise specified the a.c. tests and measurements shall be carried out at a frequency 
between 0,8 and 1,2 times the rated frequency for capacitors with a rated frequency of 50 Hz 
or higher and at a frequency between 40 Hz and 72 Hz for capacitors with a rated frequency 
below 50 Hz. 

The type tests shall be carried out on a capacitor stack, unless otherwise specified. The routine 
tests, if the capacitor consists of several capacitor units, may be carried out on separate units, 

Full document details: IEC 60358-1 2012

http://avadocuments2026.com/doc/iec-60358-1-2012
http://avadocuments2026.com/doc/iec-60358-1-2012

