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Foreword

The text of document 33/499/FDIS, future edition 1 of IEC 60358-1, prepared by IEC/TC 33, "Power
capacitors" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as EN 60358-
1:2012.

The following dates are fixed:

e latest date by which the document has (dop) 2013-04-17
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2015-07-17
standards conflicting with the
document have to be withdrawn

This document supersedes HD 597 S1:1992 (partially).

EN 60358-1:2012 includes the following significant technical changes with respect to HD 597 S1:1992:

— 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.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

This standard covers the Principle Elements of the Safety Objectives for Electrical Equipment Designed
for Use within Certain Voltage Limits (LVD - 2006/95/EC).
Endorsement notice

The text of the International Standard IEC 60358-1:2012 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60060-2 NOTE Harmonized as EN 60060-2.
IEC 60085 NOTE Harmonized as EN 60085.
IEC 60358-2 NOTE Harmonized as EN 60358-2".
IEC 60422 NOTE Harmonized as EN 60422.
IEC 61869-5 NOTE Harmonized as EN 61869-5.
IEC 62155 NOTE Harmonized as EN 62155.
CISPR 16-1-1 NOTE Harmonized as EN 55016-1-1.

" To be published.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication Year Title EN/HD Year
IEC 60038 (mod) - IEC standard voltages EN 60038 -
IEC 60050-321 1986 International Electrotechnical vocabulary - - -

Chapter 321: Instrument transformers

IEC 60050-436 1990 International Electrotechnical Vocabulary - -
(IEV) -
Chapter 436: Power capacitors

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

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

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

IEC 60068-2-17 - Environmental testing - EN 60068-2-17 -
Part 2: Tests - Test Q: Sealing
IEC 60071-1 - Insulation co-ordination - EN 60071-1 -
Part 1: Definitions, principles and rules
IEC 60270 - High-voltage test techniques - EN 60270 -
Partial discharge measurements
IEC 60721 Series Classification of environmental conditions EN 60721 Series
IEC 61462 - Composite hollow insulators - Pressurized EN 61462 -

and unpressurized insulators for use in
electrical equipment with rated voltage greater
than 1 000 V - Definitions, test methods,
acceptance criteria and design
recommendations

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

Documents

Document Sharing Hub

Full document details: BS EN 60358-1:2012


http://www.avadocuments.com/doc/bs-en-60358-1-2012
http://www.avadocuments.com/doc/bs-en-60358-1-2012

BS EN 60358-1:2012

-2- 60358-1 © IEC:2012
CONTENTS

INTRODUGCTION L.ttt ettt e e ettt et e et et et e e et e et e et e eneees 7

S T o7 0 o 1= 8

2 NOIMAtIVE TEIEIENCES ... it 8

3 Terms and definitioNS ... e 9

3.1 General terms and definitionNs .. ... 9

3.2 Coupling capacitor terms and definitions ............coooiiiii i 12

S 1= Y Y T2 oo Y o 11T o - PP 13

g € =Y o1 - | 13

4.2 Normal service CONAItIONS ... ... e 14

4.2.1 Ambient air temperature. ... ... 14

4.2.2  AITUAE oo 14

4.2.3 Vibrations or earthqQUakes ..o 14

4.2.4 Other service conditions for indoor equipment ..o 14

4.2.5 Other service conditions for outdoor equipment..............ccooiiiiiiiiiiiiinin.. 14

4.3  Special service CONAitiONS ... ..o 15

R i T € 7= =Y =Y 15

4.3.2  AIUAE oo 15

4.3.3 Ambient temperature ... ..o 15

4.3.4 EarthQUaKES ... 16

4.4 SYStem artNiNg ... i 16

D RIS it e 16

5.1 Standard values of rated freqQUENCY .......ccuiiniiiiii i 16

5.2 Standard values of rated voltages .........c.oiniiniiii 16

5.2.1 Rated voltages Ug fOr @.C..............oouiiiiiiiiiiiiiiiiiiiiiiiii 16

5.2.2 Rated voltages Ug for d.C.........ccooiiiiiiiiiiiiiiii 16

5.3 Standard values of rated voltage factor ............ccoooiiii i 17

5.3.1 standard values of rated voltage factor for a.c. voltages ............................. 17

5.3.2 Standard values of rated voltage factor for d.c. voltages...............ccc.oeennnnl. 17

B DESIgN M QUINEM NS .. e 18

6.1 Insulation reqUIrEMENTS ... 18

6.2 Other insulation requUIremMeENtS ... ... e 20

6.2.1 Low voltage terminal not exposed to weather ... 20

6.2.2 Low voltage terminal exposed to weather ............c..ooiiiiiiiii i 20

6.2.3  Partial diSCharges .......o.oiuiii i 21

6.2.4 Chopped lightning impulse test ... 21

6.2.5 Capacitance at power freqQUENCY ......o.iiiiiiiiiii e 21

6.2.6 Losses of the capacitor at power frequUeNCY ..........cooiiiiiiiiiii 22

6.2.7 External insulation requirements ..........cooiiiii i 23

6.3 Electromagnetic emission requirements — Radio interference voltage (RIV)............ 23

6.4 Mechanical reqUIrEmMENtS ... e 23

6.5 Tightness of @qQUIPMENT. ... e 24

B.5.1  GONEIAl .. s 24

6.5.2  Gas tightNess ..o i 24

6.6 Voltage grading for d.C. CapaCItOrS ... ... c.uiiiiiiiii e 25
Documents

Document Sharing Hub

Full document details: BS EN 60358-1:2012


http://www.avadocuments.com/doc/bs-en-60358-1-2012
http://www.avadocuments.com/doc/bs-en-60358-1-2012

BS EN 60358-1:2012

60358-1 © IEC:2012 -3-
N == oo a To 111 o 1= P 25
Classification Of 1ESES . .. i 26
T T 7= o = - | 26
8.2 ROULINE 1SS oo e 26
GG T Y/ oY= (=1 £ PP 26
8.4 SPECIAl 1SS oo 27
O ROULINE 1SS o e 28
9.1 Tightness of the liquid-filled equipment ............cooiiiii i, 28
9.1 GBNEIAL it 28
9.1.2 Closed pressure systems fOr Gas .......cc.viviiiiiiiiiiie e 29
9.2  Electrical routing teStS .. ..ce. i 29
9.2.1  GBNEIAL it 29
9.2.2 Capacitance and tand measurement at power-frequency .............cccceeevnnne. 29
9.2.3 Power-frequency or d.c. withstand test.............cccoiiiiiiiii i, 30
9.2.4 Partial discharge measurement............ccooiiiiiiiiiii 31
9.2.5 AC-withstand test on low-voltage terminal of the equipment (6.2.1 and
B 2.2 ) e 31
9.2.6 Resistance measurement for d.c. equipment...............L 32
O T I8/ o = =3 S 32
0.1 IMPUISE EE S S i 32
(O P B 7= = - | PP 32
10.1.2 Discharge test and chopped impulse test ...........ccccoiiiiiiiiiie e, 32
10.1.3 Lightning-impulse test ... .o 33
10.2 Wet test for outdoor eqQUIPMENT .. ..o 33
10.2.1 a.c./d.c. withstand wet test on equipment ..o 34
10.2.2 Switching impulse withstand wet test on equipment “range II” (a.c.:
U 2 300 kV and d.c.: Ug) = 750KV (peak))........oovvvviiiiiiiiiiiiiiiiiiiiiiiiiiii, 34
10.3 Radio interference voltage test... ... 34
10.4 Voltage polarity reversal test for d.c. equipment ... 35
11 Special tests — Mechanical strength test..........oooi 35
12 Marking of the eqUIPMENT. .. ..o e 36
220 R € =Y 0T - | 36
12.2 Markings of the rating plate. ... 37
Annex A (informative) Typical diagram of an equipment..............o 38
Annex B (informative) Partial discharge test circuit and instrumentation................................ 39
Annex C (normative) Radio interference voltage — Measurement circuit...............ccoooovienn. 41
L1 0] [ oo | =1 ] 2 Y278 43
Figure 1 — Altitude correction factor for insulation ...............coooiiiiiiii e, 15
Figure 2 — Flow charts test sequence to be applied when performing the type test
(Figure 2a) and routine test (FIgure 2b) ..o 28
Figure A.1 — Example of a diagram for a coupling capacitor (with and without low
VOIAGE tEIMINAL) .. oeiti e e e e 38
Figure B.1 — TeSt CIrCUIL ... e 39
Figure B.2 — Alternative CirCUIL. ... ..o e 39
Figure B.3 — Example of balanced test Circuit ..o 40
Figure B.4 — Example of calibration CirCUit...........cooiiiiiii e g e ee s 40
Docluments

Document Sharing Hub

Full document details: BS EN 60358-1:2012


http://www.avadocuments.com/doc/bs-en-60358-1-2012
http://www.avadocuments.com/doc/bs-en-60358-1-2012

BS EN 60358-1:2012

-4 - 60358-1 © IEC:2012
Figure C.1 — MeasuUING CIFCUIT.....c.u i 42
Table 1 — Rated ambient temperature categories ... ..o 14
Table 2 — Standard values of rated voltage factors ...........coooiiiiiiiiiii e, 17
Table 3 — Standard insulation levels for a.c. voltages..........ocoviiiiiiii e, 18
Table 4 — Partial discharge test voltages and permissible levels ............ccccooiiiiiiiiiiiinnene. 21
Table 5 — Creepage diStanCe .. ... e 23
Table 6 — Static withstand test loads for inSUlators...........ccoviiiiiiiii e 24
Table 7 — Permissible temporary leakage rates for gas systems ..........coooiiiiiiiiieen, 25
Table 8 — Test voltages for units, stacks and complete equipment .............ccoooeiiiiiiiiinennee. 31
Table 9 — Modalities of application of the test loads to the line primary terminals.................... 36
Table 10 — Marking of the rating plate..........oooiiii e 37

Documents

Document Sharing Hub

Full document details: BS EN 60358-1:2012


http://www.avadocuments.com/doc/bs-en-60358-1-2012
http://www.avadocuments.com/doc/bs-en-60358-1-2012

BS EN 60358-1:2012
60358-1 © IEC:2012 -7 -

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)

N

To be published.
To be published.

Under consideration.
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COUPLING CAPACITORS AND CAPACITOR DIVIDERS -

Part 1: General rules

1 Scope

This part of IEC 60358 applies to:

e 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, /EC 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

311
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]

3.13
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

Upc

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 Un/Y3). For line-to-earth insulation, this
definition will result in a value that V3 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

Fy

multiplying factor to be applied to the rated voltage Ui 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

Documents

Document Sharing Hub

Full document details: BS EN 60358-1:2012


http://www.avadocuments.com/doc/bs-en-60358-1-2012
http://www.avadocuments.com/doc/bs-en-60358-1-2012

BS EN 60358-1:2012
-12 - 60358-1 © IEC:2012

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

3.21
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]

3.24
(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 Cg
capacitance value for which the capacitor has been designed

Note 1 to entry: This definition applies:
e for a capacitor unit, to the capacitance between the terminals of the unit;
o for a capacitor stack, to the capacitance between line and low voltage terminals or between line and earth

terminals of the stack Documents
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3.2.7

low voltage terminal of a coupling capacitor

terminal (Nyg) 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 (tand) of a capacitor
ratio between the active power P, and the reactive power P,: tand = P /P,

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

AC 1 1
—o0

KT CoAT K °C

AC represents the observed change in capacitance over the temperature interval AT

Cypoc represents the capacitance measured at 20 °C

Note 1 to entry: The term AC/AT 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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