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FOREWORD

The text of document 33{C0}11%, as prepared by IEC Technical
Committee 33: Power capacitors, was submitted to the IEC-CENELEC
parallel vote in December 1993,

The reference document was approved by CENELEC as EN 60143-2 on
5 July 1994.

The following dates were fixed:

- latest date of publication of
an identical national standard {(dop) 1995-07-01

- latest date of withdrawal of
conflicting national standards {dow) 1995-07-01

For products which have complied with the relevant national standard
before 1995-07-01, as shown by the manufacturer or by a certification
body, this previous standard may continue to apply for production
until 2000-07-01.

Annexes designated(formative" are pant) of the' body of the standard.
Annexes designated "informative" are given only for information.
In this standard, annex Alislimformative (andabnex ZA is normative.

ENDORSEMENT NQTICE

The text of the International Standard IEC 143-2:1994 was approved by
CENELEC as a Euwropean Standard without anv modification.
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ANNEX ZA (normative)

OTHER INTERNATIONAL PUBLICATIONS QUOGTED IN THIS STANDARD
WITH THE REFERENCES OF THE RELEVANT EUROPEAN PUBLICATIONS

This European Standard incorporates by dated or undated reference, provisions
from other publications. These normative references are cited at the
appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these
publications apply to this European Standard only when incorporated in it by
amendment or revision. For undated references the latest edition of the
publication referred to applies.

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

lication Date Title EN/HD Date
4 1980 Instrument transformers - Part 4: - -
Measurement of partial discharges
436) 1990 International Electrotechnical - -
Vocabulary (IEVY)
Chapterc¥36 ;. Power \capacitors
{mod) 1987 High-voltage, alternatingfcurrent HD 348 5S4 1991
circuit-breakers
1 1989 High-voltage ‘test techniques - Part 1: HO 5688.1 51 1991
General definitions and test
requirements {corrigenddm March' /1990
and March 1592)
2-30 1980 Basic environmental testing procedures HD 323.2.30 S3* 1388
Part 2: Tests - Test Db and guidance:
Damp heat, cyclic (12 + 12-hour cycle)
1 1993* Power transformers - Part 1: General - -
1 1991 Surge arresters - Part 1: Non-linear EN 60099-1 1994
resistor type gapped surge arresters for
a.c. systems
4 1991 Part 4: Metal-oxide surge arresters EN 60099-4 1993
without gaps for a.c. systems
1984 Alternating current disconnectors and EN 60129 1954
earthing switches
(mod) 1992 Series capacitors for power systems EN 60143 1993
{corrigendum January 1994}
D 323.2.30 S3 includes A1:1985 to IEC 58-2-30

EC 76-1:1976 (mod) is harmonized as HD 398.1 S1:1980
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IEC
Publication

185 (mod)
186 (mod}

255-6 (mod)

289

383-1

383-2

595
A2

654-1

654-2

654-3

654-4

694

T94-1

194-2

553 S2 includes A1:1990 to IEC 185

HD 554 S§1

HD 413.1 S§1 is superseded by EN 60654-1:1983,

Date
1987
1987

1988

1988

1993

1393

1977
1987

1978

1879

1983

1987

1980

1993

1985

Current transformers
Voltage transformers

Electrical relays - Part 6: Measuring
relays and protection equipment

Reactors

Insulators for overhead lines with a
nominal voltage above 1000 V - Part 1:
Ceramic or glass insulator units for
a.c. systems - Definitions, test methods
and acceptance cirteria

Part 2: Insulator strings and insulator
sets for a.c. systems - Definitions,
test methods and acceptance criteria

Internal fuses for series capaclitors
Operatingl conditions) for industrials=

process measurement and control
equipment ~oRartoter Climatic conditions

Part 2: Power
Part 3y Mechanical 1nfluences
Part &: Corrosive and erosive influence

Common clauses for high-voltage
switchgear and controlgear standards

Optical fibre cables - Part 1: Generic
specification
Part 2: Product specifications

includes A1:1988 to IEC 186

HD 413.2 S2 includes A1:1992 to IEC 654-2
HD 448 S2 includes A1:1985 to IEC 694

HD 553 S2«%

HD 554 S1x

EN 60255-6

EN 60289

HD 413.1 S1*

HD 413.2 S2%

HD 413.3 51

HD 448 S2*

Date

1993

1992

1994

1994

1981

1994

1987

1984

which is based on IEC 654-1:1993
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SERIES CAPACITORS
FOR POWER SYSTEMS -

Part 2: Protective equipment for series
capacitor banks

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes international Standards.
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 1EC also participate in this preparation. The 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 the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

3) They have the form ofjrecommendations forinternational use published,in the form of standards, technical
reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, 1EC. Nationall/Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with’one of’its standards:

International Standard IEC 143-2 has been prepared by IEC technical committee 33:
Power capacitors.

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

DIS Report on Voting

33(CO)115 33(C0O)124

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

IEC 143 consists of the following parts, under the general title: Power capacitors:

— 143: 1992, Series capacitors for power systems (when revised, this standard will become
IEC 143-1);

— 143-2: 1994, Series capacitors for power systems — Part 2: Protective equipment for series
capacitor banks.

Other parts are under consideration.
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SERIES CAPACITORS
FOR POWER SYSTEMS -

Part 2: Protective equipment for series
capacitor banks

Section 1: General

1.1 Scope and object

This part of IEC 143 covers protective equipment for series capacitor banks, with a size
larger than 10 Mvar per phase. Protective equipment is defined as the main circuit appa-
ratus and ancillary equipment, which are part of a series capacitor installation, but which
are external to the capacitor part itself. The recommendations for the capacitor part are
given in |IEC 143. The protective equipment is mentioned in clauses 1.3 and 7.6 of
IEC 143.

The protective equipment, treated in this standard, comprises the following items listed
below.

overvoltage protector,

-~ protective spark gap,

- non-linear resistor (varistor),

—~ by-pass circuit-breaker,

— disconnectors;

— current-limiting damping equipment,
- discharge reactor,

— voltage transformer,

- current transformer,

-~ signal column,

- relay protection, control equipment and platform to ground communication
equipment.

See figure 1.

Principles involved in the application and operation of series capacitors are given in
section 3.

Examples of fault scenarios are given in section 3.

Examples of protective schemes utilizing different overvoltage protectors are given in
clause 2.1.
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Assembly of capacitor units,
Main protective equipment for a segment,

By-pass disconnector;

HOW N -

Series disconnector.

Figure 1 — Series capacitor bank nomenclature

NOTE - Capacitor fuses are not treated in this standard, since they are treated in IEC 143 and

The object of this standard is:

-~ to formulate uniform rules regarding performance, testing and rating,

- to illustrate different kinds of overvoltage protectors,
-~ to provide a guide for installation and operation.

1.2 Normative references

Phase
bank A

Phase
bank B

Phase
bank C

IEC 673194

IEC 595.

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this part of IEC 143. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to agree-
ments based on this part of IEC 143 are encouraged to investigate the possibility of apply-
ing the most recent editions of the normative documents indicated below. Members of IEC
and SO maintain registers of currently valid International Standards.

The following IEC publications and reports are quoted in this standard:
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IEC 44-4: 1980, Instrument transformers — Part 4: Measurement of partial discharges

IEC 50(436): 1990, International Electrotechnical Vocabulary (IEV)- Chapter 436: Power
Capacitors

|EC 56: 1987, High-voltage alternating-current circuit-breakers

IEC 60-1: 1989, High-voltage test techniques — Part 1: General definitions and test
requirements

|EC 68-2-30: 1980, Basic environmental testing procedures — Part 2: Tests — Test Db and
guidance: Damp heat, cyclic (12 + 12 hour cycle)
IEC 76-1, 1993, Power transformers — Part 1: General

IEC 99-1: 1991, Surge arresters — Part 1 : Non-linear resistor type gapped arresters for
a.c. systems

IEC 99-4: 1991, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 129: 1984, Alternating|current disconnegctors and earthing switches
IEC 143: 1992, Series capacitors for poweér systems

IEC 185: 1987, Current transformers

IEC 186: 1987, Voltage transformers

IEC 255-6: 1988, Electrical relays — Part 6: Measuring relays and protection equipment

IEC 289: 1988, Reactors

IEC 383 (Parts 1-2): 1993, Tests on insulators of ceramic material or glass for overhead
lines with a nominal voltage greater than 1 000 V

IEC 595: 1977, Internal fuses for series capacitors
Amendment 2, 1987

IEC 654 (Parts 1-4): 1979-1987, Operating conditions for industrial-process measurement
and control equipment

IEC 694: 1980, Common clauses for high-voltage switchgear and controlgear standards
IEC 794-1: 1993, Optical fibre cables — Part 1: Generic specification

IEC 794-2: 1989, Optical fibre cables — Part 2: Product specifications

NOTE - No standard exists for varistors for series capacitors (S.C.). The relevant tests for series
capacitors varistors are therefore dealt with in this standard.
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1.3 Definitions

For the purpose of this part of IEC 143, the following definitions apply:

1.3.0 definitions of capacitor parts and accessories: They are in accordance with
IEC 143.

1.3.1 back-up gap: Supplementary gap which may be set to spark over at a voltage
level higher than the protective level of the primary protective device, and which is
normaily placed in paralle! with the primary protective device.

1.3.2 bank protection: General term for all protective equipment for a capacitor bank,
or part thereof.

1.3.3 Dby-pass current: Current flowing through the by-pass device or devices in
parallel with the series capacitor. This current can either be a fault current or a normal
current.

1.3.4 by-pass device: Device such as a switch or a circuit-breaker used in paraliel with
a series capacitor and its overvoltage protector to shunt line current for a specified time,
or continuously. Besides by-passing the capacitor, this device may also have the capabil-
ity of inserting the capacitor into a circuit and carrying a specified current.

1.3.5 by-pass disconnector: Device 40 short-circuit-the series capacitor after it is
by-passed by the by-pass device.

1.3.6 by-pass fault ‘current:'Current flowing ‘through'(the 'by-passed-series capacitor
bank caused by a fault on the line:

1.3.7 by-pass gap (protective gap): Gap, or system of gaps, to protect either the
capacitor (Type K) against overvoltage or the non-linear resistor (Type M) against
overload by carrying load or fault current around the protected parts for a specified time.

1.3.8 by-pass interlocking device: Device that requires all three poles of the by-pass
device to be in the same open or closed position.

1.3.9 capacitance unbalance protection: Device to detect unbalance in capacitance
between capacitor groups within a phase, such as that caused by blown capacitor fuses or
faulted capacitors, and to initiate an alarm or the closing of the by-pass device, or both.

1.3.10 capacitor platform: Structure that supports the capacitor/rack assemblies and all
associated equipment and protective devices, and is supported on insulators compatible
with phase-to-earth insulation requirements.

1.3.11 capacitor switching step: See module.

1.3.12 continuous operating voltage (COV = MCOV) (U,) (of a varistor): The (Maximum)
Continuous Operating Voltage, COV, is the designated permissible r.m.s. value of power



143-2 © IEC:1994 -17 -
r.m.s. frequency voltage that may be applied continuously between the varistor terminals.

NOTES

1 COV of the series capacitor varistor is usually equal to the rated voltage of the series capacitor. This
definition is different from the definition of COV for a ZnO arrester according to IEC 99-4.

2 Consideration to short-time overvoltages of the series capacitor, such as voltages produced by swing
currents and overload currents, should be taken into account when the protective fevel of the varistor is
determined.

1.3.13 current-limiting damping equipment: Reactor or a reactor with a paraliel
connected resistor to limit the current magnitude and frequency and to provide a sufficient
damping of the oscillation of the discharge of the capacitors upon operation of the by-pass
gap or the by-pass device (see figure 1).

1.3.14 discharge device: Device permanently connected across the terminals of the
capacitor or built into the capacitor unit, capable of reducing the residual voltage across
the capacitor after the capacitor has been disconnected from the supply.

1.3.15 discharge voltage (of a varistoi'): See residual voltage.

1.3.16 external fault: Line fault occurring outside the protected line section containing
the series capacitor bank.

1.3.17 fault within the ‘capacitor bank: Fault appearing-within-the capacitor bank (for
example changes of the capagitance within. a segment, platform fault, etc.). Such faults
should be handled by the protection of the series capacitor bank and cleared without the
interruption of the transmission line.

1.3.18 fault-to-platform protection: Device to detect insulation failure on the platform
that results in current flowing from normal current-carrying circuit elements to the platform
and to initiate the closing of the by-pass device.

1.3.19 insertion: Opening of the by-pass device to place the series capacitor in service
with or without load current flowing.

1.3.20 insertion current: Steady-state root-mean-square current that flows through the
series capacitor after the by-pass device has opened.

1.3.21 insertion voltage: Steady-state root-mean-square voltage appearing across the
series capacitor upon interruption of the by-pass current with the opening of the by-pass
device.

1.3.22 internal fault: Line fault occurring within the protected line section containing the
series capacitor bank.

1.3.23 insulation level: Combination of test voltage values (both power-frequency and
impulse) which characterizes the insulation of the capacitor bank with regard to its
capability of withstanding the electric stresses between platform and earth, between
phases, between terminals of all equipment and between platform-mounted equipment and
the platform.
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