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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 112: Alternating current high-speed earthing switches
for secondary arc extinction on transmission lines

FOREWORD

1)
o-operation on all questions concerning standardization in the electrical and electronic fields. JTo this end

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG\ Publication(s)”). 1
reparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealt

tandardization (ISO) in accordance with conditions determined by agreement.between the two organizatiof
2)

terested IEC National Committees.

3) |
ommittees in that sense. While all reasonable efforts are madé_to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for" the way in which they are used or for
isinterpretation by any end user.

4) order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ansparently to the maximum extent possible in their pational and regional publications. Any divergence bety

ny IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the Ij

5) C itself does not provide any attestation of cénformity. Independent certification bodies provide confo

ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for|
ervices carried out by independent certification bodies.

6)
7)

Il users should ensure that they have the\latest edition of this publication.

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts
embers of its technical committées.and IEC National Committees for any personal injury, property damag
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of thé publication, use of, or reliance upon, this IEC Publication or any other
ublications.

8) Attention is drawn to_theiNormative references cited in this publication. Use of the referenced publicatiof

ihdispensable for thelcarrect application of this publication.

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

9)

redline.version of the official IEC Standard allows the user to identify the changes mad
the|previous edition IEC 62271-112:2013. A vertical bar appears in the margin wherever a cha
has been‘made. Additions are in green text, deletions are in strikethrough red text.

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien comprising
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promiote international

and

addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Repprts,

heir
with

ay participate in this preparatory work. International, governmental and non-governmental organizations liaising
ith the IEC also participate in this preparation. IEC collaborates closely with th€\International Organizatiop for

S.

he formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internatiponal
onsensus of opinion on the relevant subjects since each technical committee has representation from all

C Publications have the form of recommendations for international use and are accepted by IEC National

IEC
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ions
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IEC 62271-112 has been prepared by subcommittee 17A: Switching devices, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is an International Standard.

This second edition cancels and replaces the first edition published in 2013. This edition

con

stitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

The document has been updated to the second edition of IEC 62271-1:2017.

Thd

Ful
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Thi
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Thi
refq
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IEG
nun
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sta
spe

text of this International Standard is based on the following documents:
FDIS Report on voting
17A/1311/FDIS 17A/1314/RVD

information on the voting for its approval can be found in the repoft.on voting indicate
above table.

language used for the development of this International Standard is English.

5 document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availg
vww.iec.ch/members_experts/refdocs. The main, _document types developed by IEC
cribed in greater detail at www.iec.ch/standardsdev/publications.

5 International Standard should be read in, conjunction with IEC 62271-1:2017, to whid
rs and which is applicable, unless otherwise specified. In order to simplify the indicatio
esponding requirements, the samesnumbering of clauses and subclauses is used a
62271-1:2017. Amendments to these clauses and subclauses are given under the sg
nbering, whilst additional subclauses, are numbered from 101.

st of all parts in the IEC(62271 series, published under the general title High-volt
chgear and controlgeaf, can be found on the IEC website.

committee has degided that the contents of this document will remain unchanged until
ility date indicated on the |IEC website under webstore.iec.ch in the data related to
cific document..At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

d in

1 in
ble
are

h it
n of
5 in
me

nge

the
the

amended.

of

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

its contents. Users should therefore print this document using a colour printer.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 112: Alternating current high-speed earthing switches
for secondary arc extinction on transmission lines

1+—General

Thi

Scope

5 part of IEC 62271 applies to AC high-speed earthing switches (hereinaftertegmed HS

ES)

desjigned for indoor and outdoor installation and for operation at service frequencies of 50| Hz

and

HS

60 Hz on systems having rated voltages of 550 kV and above.

clearing faults on transmission lines by the circuit-breakers.

For

2

Ths
con
For

more detailed information on HSESs, refer to Annex A.

Normative references

following documents are referred to in the text in_such a way that some or all of their con
stitutes requirements of this document. For, dated references, only the edition cited appl
undated references, the latest edition ‘of the referenced document (including

amg¢ndments) applies.

IEG
con
IEQ

IEG
spe

IEG
cur

IEG
cur

60050-441:1984, International EléCtrotechnical Vocabulary (IEV) — Part 441: Switchg
trolgear and fuses
60050-441:1984/AMD1:2000

62271-1:20072017, High-voltage switchgear and controlgear — Part 1: Comi
cifications for alternating current switchgear and controlgear

62271-100:20082021, High-voltage switchgear and controlgear — Part 100: Alterna
rent circuit-breakers

62271:102:20042018, High-voltage switchgear and controlgear — Part 102: Alterna
rent disconnectors and earthing switches

IE

haaooe o oonteal ’© Doyt 2NN A ponfal nal
\= TCT 1304 T

FSs described in this document are intended to extinguish the secondary arc remaining gfter

ent
jes.
any

1%
Q
)

ueld

bing

fing

sed

ioy Vi o0 aiazifo o a0 a
T, gl vontagecTowitcigoear_art COT orgTTal T alt ZoCv. 7rto hrota

ontrolgear for rated voltages above 1 kV and up to and including 52 kV

3 Terms and definitions

For the purposes of this document, the terms and definitions given in Clause 3 of

IEC 62271-1:20442017, as well as the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addresses:
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IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

Additional terms and definitions are classified so as to be aligned with the classification used
in IEC 60050-441.

3.1

3.1.
sec

General terms and definitions

101
ondary arc

arc
net

Notdg
heal

3.1
sin
aut

indgpendently from the other phases

3.1{103

multi-phase auto-reclosing scheme

autp-reclosing scheme applied to double circuit overhead linés'in which all faulted phase circ
are|opened and re-closed independently provided that atdeast two different phases remain
faulted

Notgq 1 to entry: An example of multi-phase auto-reclosingsscheme is indicated in Figure 1.

that Temains at the fauttedpoimtafter imterruption of the short=circuit current fed by
vork

1 to entry: This secondary arc is supplied by electrostatic or electromagnetic induction from\the adjq
thy live phases.

102
jle-phase auto-reclosing scheme
b-reclosing scheme in which a faulted phase circuit is opened and ,automatically re-clo

the

cent

sed

uits
un-
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Ke
1)

2
3)

~

Note 2 to entry:

O A O—
Line 1 e 7 B e
L 5 7 ¢ g
Up to 4 phases have a fault
Line 2 O O
O ° 0o
A
X X—¢
B
Line 1 X X
e ° o
Only the faulted phases have been tripped
X X—¢
Line 2 O O
c
—X X
A
© B
Line 1 O O
O °30
All circuit-breakers at both ends re-closed
O 00—
Line 2 O O
@ ‘ o
IEC

Up to 4 phases have a fault

Only\the faulted phases have been tripped

All ¢ircuit-breakers at both ends re-closed

O Closed circuit-breaker
X Open circuit-breaker
@) Re-closed circuit-breaker

Figure 1 — Explanation of a multi-phase auto-reclosing scheme

Other than the scheme described in 3.1.102 and 3.1.103, a three-phase auto-reclosing scheme is
commonly applied. In this scheme, all three phases of one circuit are tripped and re-closed at both ends even if a

fault occurred in one phase. So far high-speed earthing switches are rarely applied with this scheme.

3.1.104
successive fault

additional earth fault that occurs in the adjacent phase circuit(s) during the time interval between

a single-phase earth fault and the opening of the high-speed earthing switch(es)

3.2

Assemblies of switchgear and controlgear

No particular definitions.
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Parts of assemblies

No particular definitions.

3.4
3.4.

Switching devices

101

high-speed earthing switch
HSES
earthing switch that has the capability to:

— |make, carry and interrupt the induced current;
— |withstand the recovery voltage caused by electromagnetic and/or by electrostatic eoupli

— |make and carry the rated short-circuit current

Notg 1 to entry: The high-speed operation applies normally to both closing and opening.
Notq 2 to entry: A high-speed earthing switch is not intended to be used as a maintenance earthing switch.
3.4]103-4102

high-speed earthing switch class M0
high-speed earthing switch having a normal mechanical endurance of 1 000 operation cycl

3.4

high-speed earthing switch class M1
high-speed earthing switch having an extended meghanical endurance of 2 000 opera

cyc

3.5

No particular definitions.

3.6
No

3.7

No

24

Cla

prior to circuit re-closure;

103-2

es for special requirements

Parts of switchgear and controlgear,

Operational characteristics of switchgear and controlgear

particular definitions.
Characteristics quantities
particular definitions.

Normal @nd special service conditions

Clause 4 of TEC 62Z771-T:20717 is applicable.

45

5.1

Ratings

General

Clause 5 of IEC 62271-1:2017 is applicable with the following additions.

NOTE Categories corresponding to the fault modes are explained in Annex B.

ngs

ES

on
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A eted pormal curront opd tomperature ploo

5.5

Rated continuous current (7,)

Subclause 5.5 of IEC 62271-1:2017 is not applicable.

45.101 Rated short-circuit making current (7,,,,)

Sulf

45.
The
a)
or
b)

Wh

Int

NOT|
time]

Fig

/1

VAV Ol 1c
=1 ot

1 72" 7
TOZ o9t

clause 5.101 of IEC 62271-102:2018 is applicable.

102 Rated operating sequence
rated characteristics of the HSES are referred to the rated operating sequence.

C-t4-0,

i1 is a time that is longer than the time required for'secondary arc extinction and for dieleg
recovery of air insulation at the faulted point..4y is determined by users considering sys
stability. The preferred value of ¢4 is 0,15.s;

tio is the intermediate time that is given' by the system protection. 7, includes the clos

time of the circuit-breakers after the"HSESs open, the duration of a new line fault and
break-time of the circuit-breakers\*Following this time #,, the HSES can be reclosed.

preferred value of ¢, is 0,5 s.

his case the HSES shall-be able to operate without intentional time delay.

E ¢, andy, are set bysystem control scheme and a HSES itself is to be operated according to its own oper

ire 2 shows.the'time chart for the rated operating sequence of C — £;1 — O — £;, — C — ;4 -

tric
em

ng
the
he

ting
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Closed
Circuit-breaker Open
Closed Closed
Open
HSES Cprrent flow in HSES [ Cprrent flow in HSES o
A ly - . fip i ly - Time
DB FEED ® B @6
Kely
Circuit-  Transmission line circuit-breakers that 3 Contact touch of HSESs
brdaker interrupt the fault
HSES High-speed earthing switches 4 Energizing of the opening release of the HSESs
1 Energizing of the closing circuit of the 5 Contact separation of HSESs
HSESs
2 Current start in HSESs 6 Arc extinction inHSESs
| tin Times defined in 45.102 7 Fully open position of HSESs

NOTIE 1 A common value for the re-closing time of the circuit-breakef'is 1 s to guarantee system stability.

NOT|E 2 tiy is normally within the range of 0,15 s to 0,5 s.
NOTE 3 ¢, is normally within the range of 0,5 s to 1 s.

NOTE 4 The operating sequence b) is for system stahility requirements to cover cases where another fault odcurs
on tihe same phase.

NOTIE 5 The HSES closing time is normally 1€8$s than 0,2 s.

Figure 2 — Timing chart of HSES and circuit-breakers

eurrent frequency +10 +10 +10 +10

10 o, recovery o P tq %) (g %) (g %)

t.o 70} voltage ! Y

(730 %)

kV S R K\ ms S Ie
550 6-800 240 580 0;6 120 15
800 6-800 240 580 0;6 170 170
1400-to 8800 240 580 0,6 230 =
1200
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6.7

Suf

54

Thdg

Iten

Lse 6 of IEC 62271-1:2017 is applicable with the following modifications.

.» Dependent power operation

clause 6.5 of IEC 62271-1:2017 is not applicable.

Independent unlatched operation (independentanual or power operation)

clause 6.7 of IEC 62271-1:2017 is not applicablex

06.11 Nameplates

designation of the equipment is specified as HSES.

s to be indicated on the nameplate-are listed in-Fable-2 Table 1.

Table 2 —ltems-to-be listed-on-nameplate of a HSES

Lren
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Table 1 — Nameplate information

Item Abbreviation Unit
Name of manufacturer
Type designation
Serial number
Year of manufacture
Rated voltage U, kV
RafetHghtringtmptise—withstend—votage o -
Rafed switching impulse withstand voltage Uy kV
Rafed power-frequency withstand voltage Uy kV
Rafed short-time withstand current I kA
Rafe peak withstand current lp kA
Rafed duration of short-circuit t S
Rafed short-circuit making current [ a kA
Filling pressure for insulation R, MPa
Filling pressure for operation P MPa
Rafed supply voltage(s) of auxiliary and control circuits U, V

Spgcify DC/AC (with rated frequency)

Rafed frequency / Hz
Mdchanical endurance class M,/M,

Eldctrical endurance class E,/E,

Type and mass fluid (liquid or gas) for insulatign M; kg
Mass (including fluid) M kg
Opgrating sequence C-t,,-O or

Mimimum and maximum ambient temperature °C

Cajegory (option)@

a8 | Category js\to-refer to Clause B.2

6.12 Locking devices
Subclause 6.12 of IEC 62271-1:2017 is not applicable.

56.101 Anti-pumping device

Anti-pumping device shall be provided for pneumatic and hydraulic operating mechanism.
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56.102 Special requirements for HSES

A HSES shall be able to earth transmission lines and re-open to achieve their full voltage
withstand within the dead time of the auto-reclosing duty cycle of the transmission line circuit-
breakers. The dead time is defined by system stability and is normally set around 1 s enabling
dielectric recovery of insulation capability at the fault location. Fast operating capability for both
making and breaking is required.

The HSES shall have a capability to by-pass secondary arc current on the transmission lines.

ThgHSES—shat—have—a—capabitity to—break—induced—current—by—etectromagnetic—and/or
ele¢trostatic coupling on transmission lines with a transient recovery voltage specified in<Egble
4 Table 2.

Thg HSES shall have a capability to withstand-transient recovery voltage after interruption pnd
ratgd power frequency voltage to earth (Ur/\/3) in open position.

Thg HSES shall be single-pole operated, unless otherwise specified.

67 |Type tests

7.1 General

Cle

Clapse 7 of IEC 62271-1:2017 is applicable with.the following additions.

Thg dielectric performance shall be verified/for phase-to-earth in the open position only in
accprdance with IEC 62271-1:20072017.

6.111—Groupingof tests

67.3 Radio interference voltage (RIV) test

Suhclausg\=3 of IEC 62271-1:2017 is applicable for open position only.

6.5 —Temperature-rise tests

7.5

Continuous current tests

Subclause 7.5 of IEC 62271-1:2017 is not applicable.

67.101 Tests to prove the short-circuit making performance

Subclause 7.101 of IEC 62271-102:2018 is applicable.
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67.102 Operating and mechanical endurance tests

Subclause 7.102 of IEC 62271-102:2018 is applicable with the following modifications.

The rated operating sequence shall be verified during mechanical operation.

The mechanical operating sequence for class MO shall be one of the following:

a)

b)

For

Me
8-

totg
67.
Suh

Sulf

7.1

Suf

67.

67.

FHSES WIth @ specified duty cycle required C — f;; — O
— 1000 C -ty — O operations.

A HSES with a specified duty cycle C -,y -0 -, -C -1, -0
— 500 C - ;4 — O operations, plus

- 250C -y - O -1, —-C -t — O operations.

class M1, the number of operations shall be twice the sequence-specified.

thanical travel characteristics shall be recorded and accgptahce criteria are referreq
D11 1-of IEC62271-100:2008 7.102.4.1 of IEC 62271-100:2021 with the modification of

| tolerance to 20 % (for example fgo %, ffg % or fgo %.).

103 Operation under severe ice conditions

clause 7.103 of 62271-102:2018 is applicable.

b4 O . | fieni

D4 Low- and high-tenperature tests

clause 7.104 of 52271-102:2018 is applicable.

105 Tests to_prove the induced current making and breaking performance of HSES

105.1 .General test conditions

in

Table 2.

to
the

fied

Teats shall be performed in accordance with the standard condition values for HSES speci
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15—

Table 2 — Standard values of rated induced currents and voltages

Rated Electromagnetic coupling Electrostatic coupling
voltage U - _ - - _
r Rated Rated First TRV Time to first | Rated induced | Rated induced
induced power- peak peak current voltage
current frequency +10 0 +1O 0 +1O o +1O o
+10 % recovery 7o) %) %o) %o)
0) voltage
kV(RMS) A (RMS) kV (RMS) kV(peak) ms A (RMS) kV (RMS)
550 6 800 240 580 0,6 120 115
800 6 800 240 580 0,6 170 170
1100 / 6 800 240 580 0,6 230 235
1200
NOTE 1 For Table 2, the rated induced voltages by electrostatic recovery voltage have a "-cos” wave shape based
on the applied power frequency voltage.

NOT|
valu

NOT
corr

NOT|
are

NOT|
time]

Suk

follpwing additions and modifications.

Nur

Megasurement of travel characteristics shall be in accordance with—subeclause—6-40414-4

=

Tedt circuits are those shown in-FiguresC-4-and-C-2of IEC62271-102:2004 Figure 12

Fig

For
circ

E 2 For networks with up to two faults (categories 0 and 1 as described ¢n Ctause B.2), the correspon
bs are presented in Table B.3.

E 3 For networks with delayed current zero crossing occurrence (category 3 as described in Clause B.2)
bsponding values are presented in Table B.1.

E 4 For networks with multi-phase faults (category 4 as degtribed in Clause B.2), the corresponding v4g
resented in Table B.2.

E 5 The prospective TRV wave shape for electromagngtic*coupling may be of a triangular or “1-cos” form.
to peak is valid for either wave shape type.

clause-G-6-105-0fHEC62271-102:2004A107 of IEC 62271-102:2018 is applicable with

nber of tests both for electromagnetic and electrostatic coupling:

10 times C and O.

-62274-100:2008 7.902.4.1 of IEC 62271-100:2021.

ire 13 of IEC62271-102:2018.

electrostatic induced current test independent of the rated voltage of the HSES, the
uit parameters shall be:

ding

the

lues

The

the

and

est

H 3 ali yal
apacItarnctT -arde S| LI}

surge impedance: 245 Q;

—line length 200 km.

NOTE 6 This test condition corresponds to line length 200 km.

The HSES shall preferably be tested at rated frequency; however, for convenience of testing,
tests at 50 Hz cover the requirement for 60 Hz and vice versa.

These tests cover the classes of A and B described in-ApnexCof IEC 62271-102:2001 5.109
of IEC 62271-102:2018.
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67.105.2 Induced current switching details

Type tests for HSES having a rated induced current making and breaking capability shall include
tests to prove the electromagnetically and/or electrostatically induced current making and
breaking capability under minimum control voltage.

The test currents shall be within a tolerance of ( fgo % ) of the rated induced currents as shown
in-Fable-4+ Table 2.

caplability of HSES. This condition is considered to be satisfied if the travel characteristics of

thaf condition are within a range of (*5? % ) of those obtained with a minimum control voltagg.

Indliced current making and breaking tests shall be conducted without maintenance.

67.105.3 Arrangement of the HSES before the test

Thg HSES under test shall be completely mounted on its own support or on a mechanidgally
equivalent test support. Its operating device shall be operated in the manner prescribed and, in
particular, if it is electrically, hydraulically or pneumatically operated, it shall be operated either
at the minimum supply voltage or at the minimum functional ptessure for operation, respectively.

Befpre commencing making and breaking tests, no-load operations shall be made and defails
of the operating characteristics of the HSES, suchhas’ travel characteristics, closing time pnd
opgning time, shall be recorded.

If applicable, tests shall be performed at thelminimum functional pressure for interruption gnd
insdilation.

67.105.4 Behaviour of the HSES during the test

Thg HSES shall perform successfully without undue mechanical or electrical distress.

Dutling tests, the HSES shall'not

— Ishow signs of distress;
— [show harmfu] intéraction with adjacent laboratory equipment;
— lexhibit behaviour which could endanger an operator.

Oufward emission of gases, flames or metallic particles from the switch during operatiop is
permitted) if this does not impair the insulation level of the earthing switch or prove to be harmful
to an.operator or other person in the vicinity, or prove to be harmful to an operator or ofher
person In the VIicity.

Should doubt exist after an operation, the testing is to be continued or repeated with indicators
as specified in IEC 62271-200:2011 mounted in the most onerous position likely for personnel
to stand during the operation of the HSES.

67.105.5 Condition after the test

Comparison of mechanical characteristics before and after the test shall be done according to
subelause6-1402 7.102.3.2 of IEC 62271-102:2018.

Subclause-C-6-1406-9-of HEC62271-102:2001 7.108.9 of IEC 62271-102:2018 is applicable.
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78 Routine tests

Clause 8 of IEC 62271-1:2017 is applicable with the following additions.

For mechanical operating test, refer to—subelause 7101+ of IEC62271-100:2008 8.101 of
IEC 62271-100:2021.

Meghanicaltravel-characteristics—shal-be—recorded—and—acceptance—criteria—are—referred to
subelabtse—6-404+-1+1of IEC 62274-1400:2008 7.102.4.1 of IEC 62271-100:2021 with\ |the
modification of the tolerance to

20 9% (for example 2% % or 50 % or % %).

Timing test of close and open with rated and minimum conditions of auxiliary supply shall| be
verffied.

89 |Guide to the selection of HSESs (informative)

For|the selection of HSESs described in—Fable—4 Table 2 and\dlso in Table B.1 and Table B|2 if
negessary, the following conditions and requirements at site-shall should be considered:
— lexisting fault conditions;

— |Jnumber of circuits;

— Jauto-reclosing scheme (single or multi auto-reclosing scheme);

— Jrequired operating sequence (the operating sequence is linked to circuit-breaker opera
sequence);

ng

— [consideration on successive faults and other special conditions such as delayed curfent
zero phenomena during HSES operations;

— Jrequired operational performance (mechanical endurance);

— Iswitching requirements (fault—making—eapability making and short-circuit breal
capability);

ng

— [class M1 is mainly for applications where the HSES is operated in special requirement where
frequent lightning strokes occur.

91(QInformation to be given with enquiries, tenders and orders (informative)

Clabse-9Q of IEC 62271412007 is applir\ahln_

Clause 10 of IEC 62271-1:2017 is applicable.

11 Transport, storage, installation, operating instructions and maintenance

Clause 11 of IEC 62271-1:2017 is applicable.



https://iecnorm.com/api/?name=3a99317edb355c92d68eb8cf969043f3

-18 - IEC 62271-112:2021 RLV © |IEC 2021
4112 Safety

Clause 12 of IEC 62271-1:2017 is applicable.
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Annex A
(informative)

Background information on the use of HSESs

A.1 General

Single-phase or multi-phase auto-reclosing schemes are generally applied for high-voltage
transmission systems to enhance system reliability. When on an overhead line a fault involving
eath occurs, circuit-breakers located at both ends of the line open to clear the fault. In casg of
high-voltage overhead lines (especially for system voltages equal to or higher than_§50"kV),
where the conductors are located in the vicinity of each other and transmission systems |are
single phase operated, a lower current-may can remain at the fault point after interruption of
the|short-circuit current. This current is called secondary arc current and is.Caused by [the
elegtrostatic or electromagnetic coupling with the other adjacent live conduetors, and this
secpndary arc current is difficult to self-extinguish in a short time. From a systém stability ppint
of View it is preferable to apply auto-reclosing scheme with a reclosing time in the order of[1 s
maximum. To achieve auto-reclosing in due time some means are necessary to extinguish|the
secpndary arc before re-closing circuit-breakers.

Esgecially for short distance lines without shunt reactors or for double circuit systems with mplti-
phgse auto-reclosing scheme, where 4 legged reactors are\not suitable, one of the useful and
implortant means is to apply a special earthing switch for the\purpose of secondary arc extinction.
Thig earthing switch is generally designed for high-speed operation to ensure that the requfred
swifching performance is met and is called high-spe&d)earthing switch (acronym HSES).

Thg secondary arc extinction performance willybe influenced by the recovery voltage fand
secpndary arc current at the fault location, beth of which will be influenced by the following

— [tower configuration, e.g. single or double circuit lines (i.e. several circuits mounted on pne
tower), distance between phases-and circuits, height of lines above ground level, etc.;

— [transposition of the transmission lines (untransposed or transposed);
— Joccurrence of successive earth faults on the other line.

Thgrefore, the time duration_between the duty cycles is specified by the user.

NOT|[E This HSES is distinguished from a fast acting earthing switch. Refer to Table A.1.

Thg operating sequence of a HSES is determined by the time to maintain system stability, h|gh-
speled auto reclasing sequence of the circuit-breaker, dielectric recovery characteristics of fault
point on thetransmission line and time coordination with protection relays including the timg for
conffirming-thie condition of circuit-breaker and HSES, e.g. open/close condition.

A T H 1 P
s ryprcaroperatmgsequence

Figure A.1 shows a single line diagram of a power system. A fault has occurred on one phase
of the transmission line. The circuit-breakers at the both ends of the line open in order to
interrupt the fault current. 0,2 s after completion of the interruption by the circuit-breaker, the
HSESs will close and remain in the closed position for several hundred milliseconds. In this
period secondary arc current shall be extinguished and the insulation re-established. Opening
of the HSESs takes typically 0,1 s after initiation of opening signal to the HSESs. The preceding
interrupting HSES will interrupt electromagnetic induced current and the later interrupting HSES
will interrupt electrostatic induced current. The circuit-breaker will re-close after completion of
the opening operation of the HSESs.
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@ HSES, HSES, @

- IEC

Key

CB,, CB, Transmission line circuit-breakers

HSES,, HSES, High-speed earthing switches

Figure A.1 — Single-line diagram of a power system

A typical timing chart of the relationship between the transmission line circuit-breakers that
intdrrupt the fault and the HSESs is shown in Figure A.2. This figure shows the first O - C
opgration of the circuit-breakers and the first C — O operationof the HSESs.

Closed
Cireuit-breaker Open
Closed
Open
HBES
Current flow in HSES
Time
pod Foe
Kely
Circuit- Jransmission line circuit-breakers 3 Contact touch of HSESs
brdaker that interrupt the fault
HSES High-speed earthing switches 4 Energizing of the opening release of the
HSESs
1 Energizing of the closing circuit of the 5 Contact separation of HSESs
HSESs
2 Current start in HSESs 6 Arc extinction in HSESs

Figure A.2 — Timing chart of the HSESs in relation
to the transmission line circuit-breakers
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A | There may be successive faults. However, thése successive faults do not affect the HSESs interruption
since the successive faults on the other phases/ lines will have been cleared by CBs prior to the HSESs
opening.

Successive fault may affect HSESs jintetruption. Common value of break-time is up to 100 ms.

Arcing time may be longer in case delayed current zero phenomena occurs.

1 CB1, CB2 open 10 HSES1, HSES2 arcing time
2 Confirmation of CB, apd*CB, in open position 11 HSES,, HSES, instant of arc extinction
3 Main relay functiog'fesovery 12 Confirmation of HSES,, HSES, in open positiop
4 Confirmation @f re<close condition 13 Confirmation of CB,,CB, re-close condition
5 HSES,, HSES, instant of initiation of closing 14 CB,, CB, close command
operation
6 Instant of current flow 15 CB,, CB,re-close at1s
7 HSES,, HSES, instant of contact touch 16 CB,, CB, remain open
8 HSES,, HSES, instant of initiation of opening 17 HSES,, HSES, remain close
operation

9 HSES,, HSES, opening time

CB,4, CB,, HSES; and HSES, are explained in Figure A.1.

Figure A.3 — Typical timing chart showing the time between fault initiation
and a successful re-close of the transmission line circuit-breakers

Figure A.3 shows typical values of an operating sequence assuming the time interval from the
initiation of a fault to the completion of reclosing of the circuit-breakers at both ends of 1 s.
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The time duration between the duty cycles is specified by the user.

There are several necessary conditions which need to be fulfilled for successful application of

HSES:

— the HSESs need automatic sequential control for each phase such as fault detection —
circuit-breakers open — HSESs close — HSESs open — circuit-breakers close;

— the HSESs need a high reliable control system since a mal-operation will lead to an earth

fault;

— the HSESs-should shall be able to interrupt the induced current and to withstand a TRV

caused by electromagnetic and/or electrostatic coupling effects;

— [the fault is cleared by the circuit-breakers at both ends of lines.

A.3

Additional information about HSESs

A HSES is commonly used to short-circuit, commutate and clear the induced fault currenf. A
detailed description is provided here.

Thqg following main differences exist between the different earthing switches.

Tahle A.1 indicates a typical example of earthing switches design in systems having rdted

VO

ttages of 500 kV and above.

Table A.1 — Comparison of garthing switches

Requirement

Earthing switch class
EO

Earthing switch with
short-circuit current
making capability
class E1-{and-E2)

High speed earthing
switch for secondarly
arc extinction (HSEY)

Clgsing Low speed, hand er'motor | Fast (high-speed) closing Fast (high-speed) closipg
operated operation operation, controlled
Opjening Low speed,chand or motor | Low speed, may be hand Fast opening, controllef
operated operated
Shprt-circuit current Yes Yes Yes
ca||rying capability
Melking capability None Yes Yes
Interrupting capability None If specified If specified Shall be able to interrupt
induced current and to
withstand the associatgqd
TRV
Opjerating cycle None Close Close- open

E

dctrical endurance

Withstand capability
against full short-circuit
current

2 closings against full
short-circuit current

E1: 2 closings against {ull
short-circuit current

E2—5Tiosimgs agaimstiull
short-circuit current

A.4 Summary

The HSES needs to be operated in a well defined operating cycle. It needs a clearing capability
for the defined induced currents together with a defined TRV withstand capability.

While an earthing switch as well as a fast acting earthing switch require the capability to
withstand the full short circuit current, the function of a HSES is to short-circuit and thereafter
to clear the induced current and to withstand the related TRV.
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A.45 Comparison between the use of four-legged reactor and HSES
Table A.2 shows comparison of a four-legged reactor and HSES.

Table A.2 — Comparison of a four-legged reactor and HSES

Four-legged reactor HSES
Secondary arc —  Effective especially for single-phase faults | Quick extinction for all fault modes
extinction that hold the majority of the faults

— Difficult to choose a reactance value of
reactors that effectively reduce the
secondary arc current for all fault modes for
double circuit system

Flgxibility to the In case a substation is constructed in the No effect on the existing substation

nefwork middle of a line, it might be required to equipment

madification substitute an existing reactor

Coptrol and Special control is not required for secondary Automatic sequentialControl such as

Protection arc extinction “fault detection ->CBs open —HSESs
close - HSESs open — CBs close” iy
necessary.in each phase, and it can be
easily realized

Ecpnomy A four-legged reactor is appropriate for transmission lines-which require shunt reactors for

voltage control, while HSES would be economical for\the lines without shunt reactors
Copcern Detailed analysis is necessary so as not to Highly reliable control system is

cause resonance between the shunt reactor required since a malfunction leads to p
inductance and line capacitance not only fof ,a ground fault
power frequency of 50/60 Hz but also in the
high frequency band
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Annex B
(informative)

Induced current and voltage conditions for other cases

B.1 General

This annex describes categories corresponding to the fault modes and the situations which are
not covered by-Table1 Table 2, corresponds to categories 0.1,3 and 4 introduced in this annex.

Category 2 is selected as principal duty and listed in the main text, because this duty\goyers
most of the fault cases and will not be so very rare as the duties of categories 3 and 4.

B.2 Categories of fault conditions

B.2{1 Category 0

Thi$ is the basic category. One single-line earth fault occurs within [the transmission circyits.
Category 0 is covered by Table B.3.

B.22 Category 1

Up [to one single-phase earth fault occurs within each circuit in a double-circuit system.
Category 1 is covered by Table B.3.

B.2|3 Category 2

Thig is the case where a successive singlé-phase earth fault occurs on another phase dufing
thelopening operation of the HSESs at the\phase where the first single-phase earth fault occlrs.
Theg successive fault may occur in the’same circuit or in the adjacent circuit located in|the
vicihity of the circuit with a faulted line. Category 2 is covered by-Fable-4 Table 2.

B.2l4 Category 3

Thig is the case where a single-phase to earth fault occurs with delayed current zero crossihgs
in the presence of a successive single-phase earth fault. This duty is indicated in Table B.1.

Duning the delayed-current zero period, the HSESs should withstand the stress caused by|the
arc|that is geperated between the contacts of the HSESs.

B.2l5 Category 4

Thig ‘eovers multi-phase faults within two or more phase circuits which are located in the vicipity
of each other.

At least two lines in different phases remain without fault condition. This duty is indicated in
Table B.2.

B.3 Delayed current zero phenomena

B.3.1 Explanation of an occurrence of delayed current zero phenomena

Delayed current zero phenomena will occur when a fault occurs on an adjacent phase at the
time the current of the phase is around its peak. An example of system condition and waveforms
are shown in Figure B.1 and Figure B.2, respectively.
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A

B

Load current -~~~

C
Induction” o
b /
Induced HSES
- current
HSES
IEC

Figure B.1 — System condition to explain successive fault

80 ms

HSES current Delayed current
zero period
fininshes

CPhasel/ \/ /\ » First fault line

70 ms

HSES opening
signal

A-Phase /\ /\ /\ >

VN \ A \/\\ V V\ > Successive fault line

Successive fault Fault clearing
occurrence

B-Phasek /\i /\ /\ /\ /\ /\ /\ > Energized line
PV VTV YTV

Load current

IEC

thedinstant when a successive fault occurs in phase A.

Figure B.2 — Example of waveforms of delayed current zero phenomena

Explanation:

a)
b)
c)
d)
e)

f)

an earth fault occurs on phase C;

the circuit-breakers at both ends of the line of phase C clear the fault;

HSESs in phase C close;

before-epening-ef arc extinction in HSESs, a successive fault occurs in phase A;

if the timing of the occurrence of the successive fault is near the peak of the current in
phase C, delayed current zeros may occur;

the circuit-breakers at both ends of line of phase A will clear the fault (maybe after 70 ms);
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g) HSESs will clear the induced current (for example 80 ms later).

NOTE The most severe case for HSES will be the case that the second fault follows just before HSES breaks the
electromagnetic induced current at the timing of instant P, because arcing time for HSES will be the longest.

B.3.2 Preferred values for single-phase earth fault with delayed current zero
phenomena in the presence of a successive fault

Table B.1 — Preferred values for single-phase earth fault with delayed

current zero phenomena in the presence of a successive fault
Rated Elect:omagnetic coupling Electrostatic c°||p|ing
vJItage U - N - N - ;

r induced Power- First TRV Time to first induced induced
current frequency peak peak current voltage
+10 recovery +10 +10 +10 +10

(5o %) voltage (5o %) (5o %) (5o %) (o %)
+10
(lo %)
kM(RMS) A (RMS) kV(RMS) kV (peak) ms A (RMS) kV (RMS
550 7 800 70 170 0,4 7.800 100
800 7 800 70 170 0,4 7 800 150
1100 to 7 800 70 170 0,4 7 800 200
1200

dispppeared.

NQTE 1 A typical delayed current zero period is 80 ms, considering relay’time, break-time of the circuit-breaker
angl the time between current zeros.

NJTE 2 This duty is the case considering the interruption occufs, after the delayed current zero phenomena have

NJTE 3 Actual test may lead to modified current wave shape due to interaction between test circuit and HSHS.

Thig duty corresponds to category 3 inBi2.4.

Fhig Delayed current zero period.should be specified by the users. During this period curfent
zerp should not occur.

Type tests for HSES indicated in Table B.1 should be included to verify the arcing time of nfore

thap 80 ms with the candition specified in Table B.1.

Tahle B.1 indicates-the test condition corresponding to single-phase earth fault with delayed
curfent zero plienomena in the presence of successive single-phase earth fault. A HSES |will
intdrrupt the-current at current zero. The first prospective current zero crossing should cgme
aftgr 80 ms,~-whereas the DC time constant of the fault current is 120 ms.

For|thestest with delayed current zero, the first natural current zero in the inherent condition

should not be earlier than 80 ms after initiation of the short-circuif, with a time constant of
120 ms. The HSES will influence the inherent current waveform depending on its capability to
force the current through zero. This phenomenon depends on the relative values of arc voltage
and applied voltage. Therefore, the test should be performed with the correct applied voltage.
If this is not possible due to test limitations, care should be exercised in the interpretation of
the test results.

The duty during the delayed current zero phenomena is to confirm that the HSES can withstand
such stress during that period. Only after the delayed current zero period finishes, interruption
should be conducted.

Typical test circuits to realize delayed current zero periods are shown in Figure B.3 and

Figure B.4.
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S1 AB S2
R
T c
= IEC
Key
G Generator R Resistor
S1 Current making device C Capacitor
S2 Current making device TO Test object
AB] Auxiliary circuit-breaker
Figure B.3 — Typical test circuit for electromagnetic coupling test-duty
of a HSES with delayed current zero crossings
S1 AB C S2
I
ll
1o N QL
TO &8
5 IEC
Kely
G Generator TO Test object
S1 Current making device C Capacitor
S2 Current making device
AB] Auxiliary circuit-breaker
Figure B.4 = Fypical test circuit for electrostatic coupling test-duty of HSES
with delayed current zero crossings
B.4 Preferred values of currents and voltages for multi-phase re-closing
scheme

In case a multi-phase re-closing scheme is applied for the system, as explained in 3.1.103, auto
re-closing by circuit-breakers can be conducted for continuing system operation under the
condition that at least two lines in different phases remain un-faulted. In other words, re-closing
operation can be conducted even under up to 4 phases having earth faults in the system. This
duty corresponds to category 4 in B.2.5.

Table B.2 indicates the test condition corresponding to up to four-phase earth faults where a
multi-phase auto-reclosing scheme is applied.


https://iecnorm.com/api/?name=3a99317edb355c92d68eb8cf969043f3

IEC 62271-112:2021 RLV © |IEC 2021

—29_

Table B.2 — Preferred values for multi-phase earth faults in a double-circuit system

Rated Electromagnetic coupling Electrostatic coupling
voltage U, ; - ;

r Induced Power- First TRV Time to first Induced Induced
current frequency peak peak current voltage
+10 recovery +10 +10 +10 +10

(lo %) voltage (o %) (o %) (o %) (lo %)
(732 %)
kV(RMS) A (RMS) kV(RMS) kV(peak) ms A (RMS) kV (RMS)
55N 1400 100 250 1")!: 150 125
800 1400 100 250 1,25 210 180
1100/ 1 200 1400 100 250 1,25 290 245

B.§ Interrupting condition to cover the cases corresponding to categories 0
and 1

Tallle B.3 indicates the test conditions corresponding to categories\0.and 1 in B.2.1 and B.

Table B.3 — Preferred values for covering the cases-of categories 0 and 1

Rated Electromagnetic coupling Electrostatic coupling
vpltage U . 4 i
r Induced Power- First TRV Time to first Induced Induced
current frequency peak peak current voltage
+10 recovery +10 +10 +10 +10
(I %) voltage (5o %) (5o %) (5o %) (5o %
(730 %)

V(RMS) A (RMS) kV (RMS) kV(peak) ms A (RMS) kV (RMS
550 700 80 200 1,0 120 90
800 830 80 200 1,0 170 140

1100/ 1 200 830 80 200 1,0 230 200
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1

2)

3)

4)

5)

6)

7)

8)

9)

IEQ 62271112 has been prepared by subcommittee 17A: Switching devices, of IEC techn

co

U A -
constitutes a technical revision.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 112: Alternating current high-speed earthing switches
for secondary arc extinction on transmission lines

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien compri

sing

3l national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatiponal

¢o-operation on all questions concerning standardization in the electrical and electronic fields. JTo this end

and

addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Repprts,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG\ Publication(s)”). 1
preparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealt

heir
with

ay participate in this preparatory work. International, governmental and non-governmental organizations liaising
ith the IEC also participate in this preparation. IEC collaborates closely with th€\International Organizatiop for

$tandardization (ISO) in accordance with conditions determined by agreement.between the two organizatioi

S.

he formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internatiponal
¢onsensus of opinion on the relevant subjects since each technical committee has representation from all

ihterested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natijonal

Committees in that sense. While all reasonable efforts are madé._to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for" the way in which they are used or for
isinterpretation by any end user.

In order to promote international uniformity, IEC Nationat Committees undertake to apply IEC Publicaf
ransparently to the maximum extent possible in their pational and regional publications. Any divergence bety
gny IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the Ij

IEC itself does not provide any attestation of cénformity. Independent certification bodies provide confo
gdssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
4ervices carried out by independent certification bodies.

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

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts
embers of its technical committées.and IEC National Committees for any personal injury, property damag
¢ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
¢xpenses arising out of th€ publication, use of, or reliance upon, this IEC Publication or any other

Attention is drawn to_tReiNormative references cited in this publication. Use of the referenced publicatioj

ihdispensable for thelcarrect application of this publication.

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

mittee.17: High-voltage switchgear and controlgear. It is an International Standard.

IEC
any

ions
een
tter.
mity
any

and
e or
and
IEC

s is

tent

ical

ftion

This edition includes the following significant technical changes with respect to the previous

edi

tion:

The document has been updated to the second edition of IEC 62271-1:2017.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
17A/1311/FDIS 17A/1314/RVD

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

The language used for the development of this International Standard is English.

Thi$ document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,‘availgble
at Www.iec.ch/members_experts/refdocs. The main document types developed)by IEC |are
described in greater detail at www.iec.ch/standardsdev/publications.

Thig International Standard should be read in conjunction with IEC 62271-1:2017, to whigh it
refdrs and which is applicable, unless otherwise specified. In order to simplify the indicatiop of
corfesponding requirements, the same numbering of clauses and-Subclauses is used a$ in
IEQ 62271-1:2017. Amendments to these clauses and subclauses)are given under the sgme
numbering, whilst additional subclauses, are numbered from 101"

A list of all parts in the IEC 62271 series, published under the general title High-volthge
swifchgear and controlgear, can be found on the IEC website.

Thd committee has decided that the contents of this'document will remain unchanged until|the
stability date indicated on the IEC website under webstore.iec.ch in the data related to |the
specific document. At this date, the document Wwill be
e Jeconfirmed,

e |withdrawn,

e [replaced by a revised edition, or,

e Jamended.

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 understandipg
of|its contents.:'Users should therefore print this document using a colour printer.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 112: Alternating current high-speed earthing switches
for secondary arc extinction on transmission lines

1 Scope

Thig part of IEC 62271 applies to AC high-speed earthing switches (hereinafter termed HSES)
desjigned for indoor and outdoor installation and for operation at service frequencies_ of’50| Hz
and 60 Hz on systems having rated voltages of 550 kV and above.

HSESs described in this document are intended to extinguish the secondary arc remaining after
clearing faults on transmission lines by the circuit-breakers.

Forlmore detailed information on HSESs, refer to Annex A.

2 [Normative references

Thg following documents are referred to in the text in suchra'way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited appljes.
For| undated references, the latest edition of the) referenced document (including pny
amg¢ndments) applies.

IEQ 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchg
conftrolgear and fuses
IEQ 60050-441:1984/AMD1:2000

\U
Q
S

IEQ 62271-1:2017, High-voltage switchgear and controlgear — Part 1: Common specificatipns
for mlternating current switchgear and controlgear

IEQ 62271-100:2021, High-voltage switchgear and controlgear — Part 100: Alternating curfent
cirduit-breakers

IEQ 62271-102:2048, High-voltage switchgear and controlgear — Part 102: Alternating curfent
dis¢onnectors_and earthing switches

IEQ 62271-200:2011, High-voltage switchgear and controlgear — Part 200: AC metal-enclojsed
swifchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

3 Terms and definitions

For the purposes of this document, the terms and definitions given in Clause 3 of
IEC 62271-1:2017, as well as the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

Additional terms and definitions are classified so as to be aligned with the classification used
in [IEC 60050-441.
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3.1 General terms and definitions

3.1.101

secondary arc

arc that remains at the faulted point after interruption of the short-circuit current fed by the
network

Note 1 to entry: This secondary arc is supplied by electrostatic or electromagnetic induction from the adjacent live
phases.

3.1.102

single- - cheme
autp-reclosing scheme in which a faulted phase circuit is opened and automatically re-closed
indgpendently from the other phases

3.1{103

multi-phase auto-reclosing scheme
autp-reclosing scheme applied to double circuit overhead lines in which all faulted phase circuits
are|opened and re-closed independently provided that at least two different phases remain|un-
faulted

Notg 1 to entry: An example of multi-phase auto-reclosing scheme is indicated in‘Figure 1.
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O % A O
Line 1 O B o
7 ¢
>—O O
Up to 4 phases have a fault
Line 2 O O
c
>—O O
A
X X—
. B
Line 1 X X
Cc
>—O O
Only the faulted phases have been tripped
X X—
Line 2 O O
c
—X X
A
O 5 Q=4
Line 1 © O
Cc
D—O O
All circuit-breakers at both ends re-closed
O O—1
Line 2 O O
c
D—O O
IEC
Kely
1) Up to 4 phases have a fault O Closed circuit-breaker
2) Onlysthe faulted phases have been tripped X Open circuit-breaker
3) All gircuit-breakers at both ends re-closed @) Re-closed circuit-breaker

Figure 1 — Explanation of a multi-phase auto-reclosing scheme

Note 2 to entry: Other than the scheme described in 3.1.102 and 3.1.103, a three-phase auto-reclosing scheme is
commonly applied. In this scheme, all three phases of one circuit are tripped and re-closed at both ends even if a
fault occurred in one phase. So far high-speed earthing switches are rarely applied with this scheme.

3.1.104

successive fault

additional earth fault that occurs in the adjacent phase circuit(s) during the time interval between
a single-phase earth fault and the opening of the high-speed earthing switch(es)

3.2 Assemblies of switchgear and controlgear

No particular definitions.
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Parts of assemblies

No particular definitions.

3.4

3.4.

Switching devices

101

high-speed earthing switch
HSES
earthing switch that has the capability to:

Notd

Notdg

3.4
hig

high-speed earthing switch having a normal mechanical endurance of 1 000 operation cycl

3.4
hig

high-speed earthing switch having an extended meghanical endurance of 2 000 opera

cyc

3.5
No

3.6
No

3.7
No

4

Cla

make, carry and interrupt the induced current;

prior to circuit re-closure;
make and carry the rated short-circuit current

1 to entry: The high-speed operation applies normally to both closing and opening.

2 to entry: A high-speed earthing switch is not intended to be used as a maintenance earthing switch.

102
h-speed earthing switch class M0

103
h-speed earthing switch class M1

es for special requirements

Parts of switchgear and controlgear,

particular definitions.

Operational characteristics of switchgear and controlgear

particular definitions.

Characteristics quantities

particular definitions.

Normal @nd special service conditions

use @ of IEC 62271-1:2017 is applicable.

5

5.1

Ratings

General

Clause 5 of IEC 62271-1:2017 is applicable with the following additions.

NOTE Categories corresponding to the fault modes are explained in Annex B.

5.5

Rated continuous current (1)

Subclause 5.5 of IEC 62271-1:2017 is not applicable.

withstand the recovery voltage caused by electromagnetic and/or by electrostatic eouplings

ES

on
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5.101 Rated short-circuit making current (1,,,)

Subclause 5.101 of IEC 62271-102:2018 is applicable.

5.102 Rated operating sequence

The rated characteristics of the HSES are referred to the rated operating sequence.

a) C-¢4,-0,

or

b) C-t1-0-t,-C-¢,-0
Where

Int

NOT|
time

Fig

i1 is a time that is longer than the time required for secondary arc extinction-and for dieleg
recovery of air insulation at the faulted point. ¢, is determined by users'considering sys
stability. The preferred value of ¢4 is 0,15 s;

tio is the intermediate time that is given by the system protection. ¢, includes the clos

time of the circuit-breakers after the HSESs open, the duratigh“of a new line fault and
break-time of the circuit-breakers. Following this time ¢, the HSES can be reclosed.

preferred value of ¢, is 0,5 s.

nis case the HSES shall be able to operate without'\ihtentional time delay.

E ¢, andy, are set by system control scheme and a HSES itself is to be operated according to its own oper

ire 2 shows the time chart for the rated-operating sequence of C — £;1 — O — £;, — C — ;4 -

tric
em

ing
the
he

ting
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Closed
Circuit-breaker Open
Closed Closed
Open
HSES Cyrrent flow in HSES [ Cyrrent flow in HSES -
A l - A li2 i y - Time
DR B @O ® B @GOG
Kely
Circuit-  Transmission line circuit-breakers that 3 Contact touch of HSESs
brdaker interrupt the fault
HSES High-speed earthing switches 4 Energizing of the opening release of the HSESs
1 Energizing of the closing circuit of the 5 Contact separation of HSESs
HSESs
2 Current start in HSESs 6 Arc extinction inHSESs
| tin Times defined in 5.102 7 Fully open position of HSESs

NOTE 1 A common value for the re-closing time of the circuit-breakefis 1 s to guarantee system stability.

NOTE 2 tiy is normally within the range of 0,15 s to 0,5 s.
NOTE 3 ¢, is normally within the range of 0,5 s to 1 s.

NOTE 4 The operating sequence b) is for system stahility requirements to cover cases where another fault odcurs
on tihe same phase.

NOTIE 5 The HSES closing time is normally 1€8s than 0,2 s.

Figure 2 — Timing chart of HSES and circuit-breakers
6 |Design and construction

Clapse 6 of IEC 62271~1:2017 is applicable with the following modifications.

6.5/ Dependent power operation

Sufjclause. 6.5 of IEC 62271-1:2017 is not applicable.

6.7| “dndependent unlatched operation (independent manual or power operation)

Subclause 6.7 of IEC 62271-1:2017 is not applicable.

6.11 Nameplates

The designation of the equipment is specified as HSES.

Items to be indicated on the nameplate are listed in Table 1.
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Table 1 — Nameplate information

Item Abbreviation Unit
Name of manufacturer
Type designation
Serial number
Year of manufacture
Rated voltage U, kV
RatedHghtringimptise-withstend-votage & o
Rafed switching impulse withstand voltage U, kV
Ra}ed power-frequency withstand voltage Uy kV
Ra}ed short-time withstand current I kA
Ra}e peak withstand current Ip kA
Ra}ed duration of short-circuit e S
Raled short-circuit making current I kA
Filling pressure for insulation R). MPa
Filling pressure for operation P MPa
Rafed supply voltage(s) of auxiliary and control circuits U, V

Spgcify DC/AC (with rated frequency)

Rated frequency S Hz
Mechanical endurance class M, /M,

Elgctrical endurance class E,/E,

Type and mass fluid (liquid or gas) for insulation M; kg
Mass (including fluid) M kg
Opgerating sequence C-t,4-O or

C-t,4-0-1,,-C-1,,-O

(tr1‘ tr2)

Minimum and maximum ambient temperature °C

Category (option)?

a8 | Category is\to-refer to Clause B.2

6.12.’dLocking devices

Subclause 6.12 of IEC 62271-1:2017 is not applicable.

6.101 Anti-pumping device

Anti-pumping device shall be provided for pneumatic and hydraulic operating mechanism.

6.102 Special requirements for HSES

A HSES shall be able to earth transmission lines and re-open to achieve their full voltage
withstand within the dead time of the auto-reclosing duty cycle of the transmission line circuit-
breakers. The dead time is defined by system stability and is normally set around 1 s enabling
dielectric recovery of insulation capability at the fault location. Fast operating capability for both
making and breaking is required.
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The HSES shall have a capability to by-pass secondary arc current on the transmission lines.

The HSES shall have a capability to break induced current by electromagnetic and/or
electrostatic coupling on transmission lines with a transient recovery voltage specified in
Table 2.

The HSES shall have a capability to withstand recovery voltage after interruption and rated
power frequency voltage to earth (Ur/\/3) in open position.

The

HSES shall he Qinglp-pnlp nppratpd unless otherwise cpp(‘ifipd

7.1
Cla

Thdg
acc

7.3
Sul

7.5
Sul

71
Sul

71
Sul

Ths

Ths

Type tests

General

se 7 of IEC 62271-1:2017 is applicable with the following additions.

dielectric performance shall be verified for phase-to-earth inthe open position onl
prdance with IEC 62271-1:2017.

Radio interference voltage (RIV) test

clause 7.3 of IEC 62271-1:2017 is applicable for openposition only.

Continuous current tests

clause 7.5 of IEC 62271-1:2017 is not applicable.

D1 Tests to prove the short-circuitmaking performance

clause 7.101 of IEC 62271-102:2048 is applicable.

D2 Operating and mechanical endurance tests

clause 7.102 of IEC 62271-102:2018 is applicable with the following modifications.
rated operatingsequence shall be verified during mechanical operation.

mechanical.@perating sequence for class MO shall be one of the following:

A HSES.with a specified duty cycle required C — ;4 — O:
— ~ 1000 C - t;; — O operations.

b) AHSESwith= apcbificu‘ duty bybic €= 1 O—= Tio — €= 1 ©
— 500 C — ¢4 — O operations, plus
- 250C -1t4 -0 -ty —-C—tj— O operations.
For class M1, the number of operations shall be twice the sequence specified.

Mechanical travel characteristics shall be recorded and acceptance criteria are referred to

7.102.4.1 of IEC 62271-100:2021 with the modification of the total tolerance to 20

(for

example fgo%, ffg% or fgo%).

%
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7.103 Operation under severe ice conditions

Subclause 7.103 of 62271-102:2018 is applicable.

7.104 Low- and high-temperature tests

Subclause 7.104 of 62271-102:2018 is applicable.

7.105 Tests to prove the induced current making and breaking performance of HSES

7.1j1.54_ﬁanera.l_|.m_r.a.nd.iﬁ.a.ns
Tests shall be performed in accordance with the standard condition values for HSES specified

in Tlable 2.
Table 2 — Standard values of rated induced currents and voltages
Rated Electromagnetic coupling Electrostatic coupling
voltage U,

9 % Rated Rated First TRV Time to first | Rated'induced | Rated induded
induced power- peak peak current voltage
current frequency +10 o +10 o +10 o +10 ¢

+10 0/ recovery (_0 /0) (_0 /O) (_0 /O) (_0 /O)
(Lo 7°) voltage
+10
(I %)

KV(RMS) A (RMS) kV (RMS) kV(peak) ms A (RMS) kV (RMS
550 6 800 240 580 0,6 120 115
800 6 800 240 580 0,6 170 170

1100/ 6 800 240 580 0,6 230 235
1200

NOTIE 1 For Table 2, the rated induced voltages by electrostatic recovery voltage have a “1-cos” wave shape bgsed
on tihe applied power frequency voltage.

NOTIE 2 For networks with up to twotfaults (categories 0 and 1 as described in Clause B.2), the corresponding
valugs are presented in Table B.3.

NOTE 3 For networks with delayed current zero crossing occurrence (category 3 as described in Clause B.2)| the
corrgsponding values are presented in Table B.1.

NOTE 4 For networks with multi-phase faults (category 4 as described in Clause B.2), the corresponding vdlues
are presented in Table-B.2.

NOTE 5 The/prospective TRV wave shape for electromagnetic coupling may be of a triangular or “1-cos” form.|The
time|to peak‘is-valid for either wave shape type.

Sufjclause 7.107 of IEC 62271-102:2018 is applicable with the following additions and

modifications

Number of tests both for electromagnetic and electrostatic coupling:
— 10 times C and O.

Measurement of travel characteristics shall be in accordance with 7.102.4.1 of
IEC 62271-100:2021.

Test circuits are those shown in Figure 12 and Figure 13 of IEC 62271-102:2018.
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For electrostatic induced current test independent of the rated voltage of the HSES, the test

circ

uit parameters shall be:

capacitance value Cq = 1,56 uF;

surge impedance: 245 Q;

NOTE 6 This test condition corresponds to line length 200 km.

The HSES shall preferably be tested at rated frequency; however, for convenience of testing,
tests at 50 Hz cover the requirement for 60 Hz and vice versa.

The

71

Typ

se tests cover the classes of A and B described in 5.109 of IEC 62271-102:2018.

D5.2 Induced current switching details

e tests for HSES having a rated induced current making and breaking capability shall incl

tesfs to prove the electromagnetically and/or electrostatically induced current making

bre
The
in T
For

of t
cap|

tha

Ind

71

The

bking capability under minimum control voltage.

he auxiliary supply voltage if the control voltage dees’/not affect the making and breal
ability of HSES. This condition is considered to be‘satisfied if the travel characteristic

condition are within a range of (_*g % ) of those‘obtained with a minimum control voltag

iced current making and breaking tests shall be conducted without maintenance.

D5.3 Arrangement of the HSES. before the test

HSES under test shall be completely mounted on its own support or on a mechanidg

equivalent test support. Its operating device shall be operated in the manner prescribed ang

par

icular, if it is electrically,<hydraulically or pneumatically operated, it shall be operated ei

at the minimum supply voltage or at the minimum functional pressure for operation, respectiv

LIde
And

um
ing

test currents shall be within a tolerance of (fgo %) of the ratedyinduced currents as sh¢wn
able 2.
convenience of testing, the control voltage of the HSES:.can be either the rated or maxin

1”4

ally
,in
her

ely.

Befpre commencinggmaking and breaking tests, no-load operations shall be made and defails
of the operating characteristics of the HSES, such as travel characteristics, closing time pnd
opgning time, shall be recorded.

If applicable,/tests shall be performed at the minimum functional pressure for interruption gnd
insyilation,

7.1054Behaviour of the HSES during the test

The HSES shall perform successfully without undue mechanical or electrical distress.

During tests, the HSES shall not

show signs of distress;
show harmful interaction with adjacent laboratory equipment;

exhibit behaviour which could endanger an operator.

Outward emission of gases, flames or metallic particles from the switch during operation is
permitted, if this does not impair the insulation level of the earthing switch or prove to be harmful
to an operator or other person in the vicinity, or prove to be harmful to an operator or other
person in the vicinity.
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Should doubt exist after an operation, the testing is to be continued or repeated with indicators
as specified in IEC 62271-200:2011 mounted in the most onerous position likely for personnel

tos

tand during the operation of the HSES.

7.105.5 Condition after the test

Comparison of mechanical characteristics before and after the test shall be done according to
7.102.3.2 of IEC 62271-102:2018.

Subclause 7.108.9 of IEC 62271-102:2018 is applicable.

Routine tests

Clapse 8 of IEC 62271-1:2017 is applicable with the following additions.

For

mechanical operating test, refer to 8.101 of IEC 62271-100:2021.

Mec¢hanical travel characteristics shall be recorded and acceptancé, criteria are referreqg

N
—

20

ver

For

D2.4.1 of IEC 62271-100:2021 with the modification of the toleranhce to

o (for example _+020°o or _+110000 or jrzoo %).

Tirr]ing test of close and open with rated and minimuny conditions of auxiliary supply shal

fied.

Guide to the selection of HSESs (informative)

the selection of HSESs described«in Table 2 and also in Table B.1 and Table B.

nedessary, the following conditions andrrequirements at site should be considered:

— lexisting fault conditions;

— |humber of circuits;

— Jauto-reclosing scheme (single or multi auto-reclosing scheme);

— Jequired operatingssequence (the operating sequence is linked to circuit-breaker opera

sequence);

— [consideration.aon successive faults and other special conditions such as delayed cur

zero phenomena during HSES operations;

— Jequired.operational performance (mechanical endurance);

— [switchihg requirements (making and short-circuit breaking capability);

to

be

ng

ent

— lass M1 is mainly for applications where the HSES is operated in special requirement w

ere

frequent lightning strokes occur.

10

Information to be given with enquiries, tenders and orders (informative)

Clause 10 of IEC 62271-1:2017 is applicable.

11

Transport, storage, installation, operating instructions and maintenance

Clause 11 of IEC 62271-1:2017 is applicable.
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12 Safety

Clause 12 of IEC 62271-1:2017 is applicable.
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Annex A
(informative)

Background information on the use of HSESs

A.1 General

Single-phase or multi-phase auto-reclosing schemes are generally applied for high-voltage
transmission systems to enhance system reliability. When on an overhead line a fault involving
earth occurs, circuit-breakers located at both ends of the line open to clear the fault. In casg of
high-voltage overhead lines (especially for system voltages equal to or higher than §507kV),
where the conductors are located in the vicinity of each other and transmission systems |are
single phase operated, a lower current can remain at the fault point after interpuption of|the
short-circuit current. This current is called secondary arc current and is_ €aused by |the
ele¢trostatic or electromagnetic coupling with the other adjacent live conduetors, and this
secpndary arc current is difficult to self-extinguish in a short time. From a systém stability ppint
of iew it is preferable to apply auto-reclosing scheme with a reclosing time in the order of|1 s
maximum. To achieve auto-reclosing in due time some means are necessary to extinguish|the
secpndary arc before re-closing circuit-breakers.

Esgecially for short distance lines without shunt reactors or for double circuit systems with mplti-
phgse auto-reclosing scheme, where 4 legged reactors are\not suitable, one of the useful pnd
implortant means is to apply a special earthing switch for the\purpose of secondary arc extinction.
Thig earthing switch is generally designed for high-speed operation to ensure that the requ|red
swifching performance is met and is called high-speéd)earthing switch (acronym HSES).

Thg secondary arc extinction performance willybe influenced by the recovery voltage pnd
secpndary arc current at the fault location, beth of which will be influenced by the following

— [tower configuration, e.g. single or double circuit lines (i.e. several circuits mounted on pne
tower), distance between phases-and circuits, height of lines above ground level, etc.;

— [transposition of the transmission lines (untransposed or transposed);
— loccurrence of successive edrth faults on the other line.

Thgrefore, the time duration_between the duty cycles is specified by the user.

NOT|[E This HSES is distinguished from a fast acting earthing switch. Refer to Table A.1.

Thg operating sequence of a HSES is determined by the time to maintain system stability, h|gh-
speled auto reclasing sequence of the circuit-breaker, dielectric recovery characteristics of fault
point on thetransmission line and time coordination with protection relays including the timg for
conffirming-thie condition of circuit-breaker and HSES, e.g. open/close condition.

A T H 1 P
s ryprcaroperatmgsequence

Figure A.1 shows a single line diagram of a power system. A fault has occurred on one phase
of the transmission line. The circuit-breakers at the both ends of the line open in order to
interrupt the fault current. 0,2 s after completion of the interruption by the circuit-breaker, the
HSESs will close and remain in the closed position for several hundred milliseconds. In this
period secondary arc current shall be extinguished and the insulation re-established. Opening
of the HSESs takes typically 0,1 s after initiation of opening signal to the HSESs. The preceding
interrupting HSES will interrupt electromagnetic induced current and the later interrupting HSES
will interrupt electrostatic induced current. The circuit-breaker will re-close after completion of
the opening operation of the HSESs.
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@ HSES,

HSES, @

Key
CB,, CB,
HSES,, HSES,

IEC

Transmission line circuit-breakers

High-speed earthing switches

Figure A.1 — Single-line diagram of a power system

A typical timing chart of the relationship between the transmission line circuit-breakers
intdrrupt the fault and the HSESs is shown in Figure A.2. This figure shows the first O
opgration of the circuit-breakers and the first C — O operationof the HSESs.

hat
- C

Closed
Cireuit-breaker Open
Closed
Open
HBES
Current flow in HSES
Time
pod Foe
Kely
Circuit- Jransmission line circuit-breakers 3 Contact touch of HSESs
brdaker that interrupt the fault
HSES High-speed earthing switches 4 Energizing of the opening release of the
HSESs
1 Energizing of the closing circuit of the 5 Contact separation of HSESs
HSESs
2 Current start in HSESs 6 Arc extinction in HSESs

Figure A.2 — Timing chart of the HSESs in relation
to the transmission line circuit-breakers
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A | There may be successive faults. However, these successive faults do not affect the HSESs interruption

opening.

since the successive faults on the other phases/\lines will have been cleared by CBs prior to the HSESs

B | Successive fault may affect HSESs interruption. Common value of break-time is up to 100 ms.

HSES,, HSES, instant of arc extinction
Confirmation of HSES,, HSES, in open positio

Confirmation of CB,,CB, re-close condition

C | Arcing time may be longer in case delayed current zero phenomena occurs.

1 CB,, CB, open 10 HSES,, HSES, arcing time

2 Confirmation of CB, and CBy in-open position 11

3 Main relay function recovery 12

4 Confirmation of re;close condition 13

5 HSES,, HSES, imstant of initiation of closing 14 CB,, CB, close command
operation

6 Instant 6f'current flow 15 CB1, 082 re-close at 1 s

7 HSES1, HSES2 instant of contact touch 16 CB1, 082 remain open

8 HSES,, HSES, instant of initiation of opening 17

HSES,, HSES, remain close

=)

operation

9 HSES,, HSES, opening time

CB,, CB,, HSES and HSES, are explained in Figure A.1.

Figure A.3 — Typical timing chart showing the time between fault initiation
and a successful re-close of the transmission line circuit-breakers

Figure A.3 shows typical values of an operating sequence assuming the time interval from the
initiation of a fault to the completion of reclosing of the circuit-breakers at both ends of 1 s.
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The time duration between the duty cycles is specified by the user.
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There are several necessary conditions which need to be fulfilled for successful application of

HSES:

the HSESs need automatic sequential control for each phase such as fault detection —

circuit-breakers open — HSESs close — HSESs open - circuit-breakers close;

fault;

the HSESs need a high reliable control system since a mal-operation will lead to an earth

the HSESs shall be able to interrupt the induced current and to withstand a TRV caused by

electromagnetic and/or electrostatic coupling effects;

— [the fault is cleared by the circuit-breakers at both ends of lines.

A.3

Additional information about HSESs

A HSES is commonly used to short-circuit, commutate and clear the induced fault currenf. A
detailed description is provided here.

Thqg following main differences exist between the different earthing switches.

Tahle A.1 indicates a typical example of earthing switches design in systems having rgdted

VO

tages of 500 kV and above.

Table A.1 — Comparison of garthing switches

Requirement

Earthing switch class

Earthing switch with

High speed earthing

EO short-circuit current switch for secondary
making capability arc extinction (HSEY)
class E1
Clgsing Low speed, hand er'motor | Fast (high-speed) closing Fast (high-speed) closipg
operated operation operation, controlled
Opjening Low speed,chand or motor | Low speed, may be hand Fast opening, controllef
operated operated
Shprt-circuit current Yes Yes Yes
ca||rying capability
Melking capability None Yes Yes
Interrupting capability If specified If specified Shall be able to interrupt
induced current and to
withstand the associatgqd
TRV
Opjerating cycle None Close Close- open

E

dctrical endurance

Withstand capability
against full short-circuit
current

2 closings against full
short-circuit current

E1: 2 closings against {ull
short-circuit current

E2—5Tiosimgsagaimstiull
short-circuit current

A.4 Summary

The HSES needs to be operated in a well defined operating cycle. It needs a clearing capability
for the defined induced currents together with a defined TRV withstand capability.

While an earthing switch as well as a fast acting earthing switch require the capability to
withstand the full short circuit current, the function of a HSES is to short-circuit and thereafter
to clear the induced current and to withstand the related TRV.
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A.5

Comparison between the use of four-legged reactor and HSES

Table A.2 shows comparison of a four-legged reactor and HSES.

Table A.2 — Comparison of a four-legged reactor and HSES

Four-legged reactor

HSES

Secondary arc

— Effective especially for single-phase faults

Quick extinction for all fault modes

cause resonance between the shunt reactor
inductance and line capacitance not only faf,a
power frequency of 50/60 Hz but also in the
high frequency band

extinction that hold the majority of the faults
— Difficult to choose a reactance value of
reactors that effectively reduce the
secondary arc current for all fault modes for
double circuit system
Flgxibility to the In case a substation is constructed in the No effect on the existing substation
nefwork middle of a line, it might be required to equipment
madification substitute an existing reactor
Coptrol and Special control is not required for secondary Automatic sequential'Control such as
Protection arc extinction “fault detection -5CBs open —-HSESs
close - HSE8s“open — CBs close” is
necessary.in\each phase, and it can bg
easily realized
Ecpnomy A four-legged reactor is appropriate for transmission lines-which require shunt reactors for
voltage control, while HSES would be economical for\the lines without shunt reactors
Copcern Detailed analysis is necessary so as not to Highly reliable control system is requined

since a malfunction leads to a ground
fault
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Annex B
(informative)

Induced current and voltage conditions for other cases

B.1 General

This annex describes categories corresponding to the fault modes and the situations which are
not covered by Table 2, corresponds to categories 0,1,3 and 4 introduced in this annex.

Category 2 is selected as principal duty and listed in the main text, because this dutyscoyers
most of the fault cases and will not be so very rare as the duties of categories 3 and 4.

B.2 Categories of fault conditions

B.2{1 Category 0

Thi$ is the basic category. One single-line earth fault occurs within [the transmission circyits.
Category 0 is covered by Table B.3.

B.22 Category 1

Up [to one single-phase earth fault occurs within each circuit in a double-circuit system.
Category 1 is covered by Table B.3.

B.2|3 Category 2

Thig is the case where a successive singlé-phase earth fault occurs on another phase dufing
thelopening operation of the HSESs at the\phase where the first single-phase earth fault occprs.
Thqg successive fault may occur in the’same circuit or in the adjacent circuit located in|the
vicihity of the circuit with a faulted line. Category 2 is covered by Table 2.

B.2l4 Category 3

Thig is the case where a single-phase to earth fault occurs with delayed current zero crossihgs
in the presence of a successive single-phase earth fault. This duty is indicated in Table B.1.

Duning the delayed-Current zero period, the HSESs should withstand the stress caused by|the
arc|that is geperated between the contacts of the HSESs.

B.2l5 Category 4

Thig ‘eovers multi-phase faults within two or more phase circuits which are located in the vicipity
of each other.

At least two lines in different phases remain without fault condition. This duty is indicated in
Table B.2.

B.3 Delayed current zero phenomena

B.3.1 Explanation of an occurrence of delayed current zero phenomena

Delayed current zero phenomena will occur when a fault occurs on an adjacent phase at the
time the current of the phase is around its peak. An example of system condition and waveforms
are shown in Figure B.1 and Figure B.2, respectively.
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Load current -~ B

C
Induction” o
b /
Induced HSES
- current
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IEC

Figure B.1 — System condition to explain successive fault

80 ms

HSES current Delayed current
zero period
fininshes

CPhasel/ \/ /\ » First fault line

70 ms

HSES opening
signal

A-Phase /\ /\ /\ >

VN \ A \/\\ V V\ > Successive fault line

Successive fault Fault clearing
occurrence

B-Phasek /\i /\ /\ /\ /\ /\ /\ > Energized line
PV VTV YTV

Load current

IEC

Key

P isthedimstant when a successive fault occurs in phase A.

Figure B.2 — Example of waveforms of delayed current zero phenomena

Explanation:

a) an earth fault occurs on phase C;

b) the circuit-breakers at both ends of the line of phase C clear the fault;
c) HSESs in phase C close;

d) before arc extinction in HSESs, a successive fault occurs in phase A;

e) if the timing of the occurrence of the successive fault is near the peak of the current in
phase C, delayed current zeros may occur;

f) the circuit-breakers at both ends of line of phase A will clear the fault (maybe after 70 ms);
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g) HSESs will clear the induced current (for example 80 ms later).
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NOTE The most severe case for HSES will be the case that the second fault follows just before HSES breaks the

electromagnetic induced current at the timing of instant P, because arcing time for HSES will be the longest.

B.3.2 Preferred values for single-phase earth fault with delayed current zero
phenomena in the presence of a successive fault
Table B.1 — Preferred values for single-phase earth fault with delayed
current zero phenomena in the presence of a successive fault
Rated Electromagnetic coupling Electrostatic coupling
vJItage U ) ) ) - ) 3
r induced Power- First TRV Time to first induced induced
current frequency peak peak current voltage
+10 recovery +10 +10 +10 +10
(I %) voltage (I %) (I %) (I %) (o %)
+10
(5o %)
kV(RMS) A (RMS) kV(RMS) kV (peak) ms A (RMS) kV (RMS
550 7 800 70 170 0,4 7.800 100
800 7 800 70 170 0,4 7 800 150
1100 to 7 800 70 170 0,4 7 800 200
1200
NQTE 1 A typical delayed current zero period is 80 ms, considering relay’time, break-time of the circuit-breaker
angl the time between current zeros.
NJTE 2 This duty is the case considering the interruption occurs, after the delayed current zero phenomena have
dispppeared.
NJTE 3 Actual test may lead to modified current wave shape due to interaction between test circuit and HSHS.

Thi

Del
sho)

Typ
tha

Tahb
cur

intdrrupt the-current at current zero. The first prospective current zero crossing should cq

aftd

For

5 duty corresponds to category 3 in Bi2.4.

hyed current zero period should be specified by the users. During this period current 2z
uld not occur.

e tests for HSES indicated in Table B.1 should be included to verify the arcing time of m
n 80 ms with the condition specified in Table B.1.

ero

ore

le B.1 indicates-the test condition corresponding to single-phase earth fault with delayed

ent zero phenomena in the presence of successive single-phase earth fault. A HSES

r 80 ms,;-whereas the DC time constant of the fault current is 120 ms.

thestest with delayed current zero, the first natural current zero in the inherent condi

will
me

ion

sho

uld not be earlier than oU ms atrter Initation or the short-circuit, with a time constan

of

120 ms. The HSES will influence the inherent current waveform depending on its capability to
force the current through zero. This phenomenon depends on the relative values of arc voltage
and applied voltage. Therefore, the test should be performed with the correct applied voltage.
If this is not possible due to test limitations, care should be exercised in the interpretation of

the

test results.

The duty during the delayed current zero phenomena is to confirm that the HSES can withstand
such stress during that period. Only after the delayed current zero period finishes, interruption

sho

uld be conducted.

Typical test circuits to realize delayed current zero periods are shown in Figure B.3 and
Figure B.4.


https://iecnorm.com/api/?name=3a99317edb355c92d68eb8cf969043f3

IEC 62271-112:2021 © IEC 2021 - 25—

S1 AB S2
R
T c
= IEC
Key
G Generator R Resistor
S1 Current making device C Capacitor
S2 Current making device TO Test object
AB] Auxiliary circuit-breaker
Figure B.3 — Typical test circuit for electromagnetic coupling test-duty
of a HSES with delayed current zero crossings
S1 AB C S2
I
ll
1o N QL
TO &8
5 IEC
Kely
G Generator TO Test object
S1 Current making device C Capacitor
S2 Current making device
AB] Auxiliary circuit-breaker
Figure B.4 = Fypical test circuit for electrostatic coupling test-duty of HSES
with delayed current zero crossings
B.4 Preferred values of currents and voltages for multi-phase re-closing
scheme

In case a multi-phase re-closing scheme is applied for the system, as explained in 3.1.103, auto
re-closing by circuit-breakers can be conducted for continuing system operation under the
condition that at least two lines in different phases remain un-faulted. In other words, re-closing
operation can be conducted even under up to 4 phases having earth faults in the system. This
duty corresponds to category 4 in B.2.5.

Table B.2 indicates the test condition corresponding to up to four-phase earth faults where a
multi-phase auto-reclosing scheme is applied.
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Table B.2 — Preferred values for multi-phase earth faults in a double-circuit system

Rated Electromagnetic coupling Electrostatic coupling
voltage U, ; - N
r Induced Power- First TRV Time to first Induced Induced
current frequency peak peak current voltage
+10 recovery +10 +10 +10 +10
(-0 %) voltage (-0 %) (-O %) (—0 %) (-0 %)
+10
(o %)
kV(RMS) A (RMS) kV(RMS) kV(peak) ms A (RMS) kV (RMS)
550 1400 100 250 125 150 125
800 1400 100 250 1,25 210 180
1100/ 1 200 1400 100 250 1,25 290 245

B.§ Interrupting condition to cover the cases corresponding to categories 0
and 1

Taljle B.3 indicates the test conditions corresponding to categories\OLand 1 in B.2.1 and B.R.2.

Table B.3 — Preferred values for covering the cases-of categories 0 and 1

Rated Electromagnetic coupling Electrostatic coupling
vpltage U, - 7 N
r Induced Power- First TRV Time to first Induced Induced
current frequency peak peak current voltage
+10 recovery +10 +10 +10 +10
(-0 %) voltage (-0 %)) (-0 %) (-0 %) (-0 %)
+10
(o %)

V(RMS) A (RMS) kV (RMS) kV(peak) ms A (RMS) kV (RMS
550 700 80 200 1,0 120 90
800 830 80 200 1,0 170 140

1100/ 1 200 830 80 200 1,0 230 200
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 112: Sectionneurs de terre rapides a courant alternatif pour
I’extinction de I’arc secondaire sur les lignes de transport

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation\comp¢sée
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC & pour objgt de
voriser la coopération internationale pour toutes les questions de normalisation dans (les/domaineg de
l|électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normegs”internationales,
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles @u public (PAS) efldes
uides (ci-aprés dénommeés "Publication(s) de I'IEC"). Leur élaboration est confiée a des comités d'études|aux
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisafions
ternationales, gouvernementales et non gouvernementales, en liaison avec I'lECy participent également|aux
avaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon|des
onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'l|EC concernant les questions techniques représentent, dans la mesure du
ossible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intérefsés
ont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr¢ées
omme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que [IEC
'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
l|éventuelle mauvaise utilisation ou interprétation qui en esf)faite par un quelconque utilisateur final.

ans le but d'encourager l'uniformité internationale, les.Comités nationaux de I'lEC s'engagent, dans toufe la
esure possible, a appliquer de fagon transparente les.Publications de I'lEC dans leurs publications nationales
t régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationaleg ou
cgionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) W'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendfants
fournissent des services d'évaluation de _(€onformité et, dans certains secteurs, accédent aux marque$ de
onformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certificgtion
indépendants.

6) Tous les utilisateurs doivent s'assufer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit-€tre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatajres,
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'JEC,
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quejque
nature que ce soit, direéte\ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépepses
écoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I')EC,
u au crédit qui luilest accordé.

8) l'attention este«aftirée sur les références normatives citées dans cette publication. L'utilisation de publicafions
néférencées est-obligatoire pour une application correcte de la présente publication.

9) Wattention“est attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'objgt de
roitssdebrevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de breyets.

L’'IHC\62271-112 a été établie par le sous-comité 17A: Appareils de connexion, du comité
d’études 17 de I'lEC: Appareillage haute tension. Il s’agit d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2013. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Le document a été mis a jour par rapport a la deuxieme édition de I'l|EC 62271-1:2017.

Le texte de cette Norme internationale est issu des documents suivants:
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Projet Rapport de vote
17A/1311/FDIS 17A/1314/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les

Dirgctives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles\s

SJVE

ww.iec.ch/members_experts/refdocs. Les principaux types de documents développes' [par
I'lEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.
Il convient que la présente Norme internationale soit lue conjointement avec I'lEC.62271-1:2D17,
a lgquelle elle fait référence et qui est applicable, sauf indication contraire. Pour faciliter le
repgrage des exigences correspondantes, la numérotation utilisée pour:l€s articles et|les
paragraphes est identique a celle de I'lEC 62271-1:2017. Les modifications de ces articlep et
de ¢es paragraphes ont des références identiques; les paragraphes supplémentaires qui nfont
pas| d’équivalents sont numérotés a partir de 101.
Ung liste de toutes les parties de la série IEC 62271, publiées sous le titre général Appareillage
a haute tension, peut étre consultée sur le site web de I'lEC.
Le ¢omité a décidé que le contenu de ce document ne-s€ra pas modifié avant la date de stabjlité
indijquée sur le site web de I'lEC sous webstore.iec:gh-dans les données relatives au docunjent
recherché. A cette date, le document sera
e [reconduit,
e |supprimé,
e [remplacé par une édition révisée,ou
e [|amendé.
IMPORTANT - Le logo_"colour inside™ qui se trouve sur la page de couverture de cefte
pyblication indique gqu’elle contient des couleurs qui sont considérées comme utileg a
urle bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette'publication en utilisant une imprimante couleur.
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APPAREILLAGE A HAUTE TENSION -

Partie 112: Sectionneurs de terre rapides a courant alternatif pour
I’extinction de I’arc secondaire sur les lignes de transport

Domaine d’application

021

La |présente partie de I'lEC 62271 s’applique aux sectionneurs de terre rapides a.cou
altdrnatif (nommeés ci-apres HSES) congus pour les installations intérieures et extétieure
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IEQ

IEQ
appg
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IEC
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€rieures ou égales a 550 kV.

HSES décrits dans le présent document sont destinés a supprimer/I’arc second
heurant aprés I'élimination des défauts sur les lignes de transport par les disjoncteurs.

r de plus amples informations sur les HSES, voir I’Annexe A.

Références normatives

ition citée s’applique. Pour les références non datées, la derniére édition du documen
rence s’applique (y compris les éventuels athendements).

sibles
60050-441:1984/AMD1:2000

areillage a courant alternatif

62271-100:2021, Appareillage a haute tension — Partie 100: Disjoncteurs a cou
rnatif a haute tension

erre a cotirant alternatif

62271-200:2011, Appareillage a haute tension — Partie 200: Appareillage sous envelo

ant
5 et

r fonctionner a des fréquences de 50 Hz et 60 Hz sur des réseaux de tensions.\assignges

hire

documents suivants sont cités dans le texte de sotte qu’ils constituent, pour tout ou pdrtie
leur contenu, des exigences du présent document. Pour les références datées, sgule

de

60050-441:1984, Vocabulaire électrotechnique international — Chapitre 441: Appareillage

62271-1:2017, Appareillage a haute tension — Partie 1: Spécifications communes gdour

rant

62271-102:2018, Appareillage a haute tension — Partie 102: Sectionneurs et sectionnqurs

bpe

allique pour courant alternatif de tensions assignées supérieures a 1 kV et inférieureq ou

égcz

3

fesa 52KV

Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans I'Article 3 de
I'IEC 62271-1:2017, ainsi que les suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a 'adresse http://www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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Des termes et définitions supplémentaires sont classifiés afin d’étre alignés sur la classification
utilisée dans I'lEC 60050-441.

3.1 Termes généraux et définitions

3.1.101

arc secondaire

arc demeurant au point de défaut aprés la coupure du courant de court-circuit et alimenté par
le réseau
Notg-d—a—tarticle—GCot-are—secondaire—osi—atmenté—partes—phases—sous—tension—par—irduction—electrestatique ou
élecfromagnétique.

3.1]102

stratégie de refermeture automatique monophasée

strdtégie de refermeture automatique selon laquelle une phase en défaut _d'un’ circuit|est
dédlenchée et refermée indépendamment des autres phases

3.1]103

stratégie de refermeture automatique a plusieurs phases

strdtégie de refermeture automatique appliquée aux lignes aériennes a double circuit dans

laq
con

Notd
Figu

elle toutes les phases en défaut sont déclenchées et réfermées indépendammer|t a

dition qu’au moins deux phases de circuit différentes restentysans défaut

1 a larticle: Un exemple de stratégie de refermeture automatique a plusieurs phases est montré p
re 1.

rla
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O % A O
Ligne 1 O 7 B O
O € o
Jusqu’a 4 phases présentent un défaut a la terre
O O—
Ligne 2 O O
c
A
X X—
. B
L igne 1 X X
Cc
>—O O
Seules les phases en défaut'ont été déclenchées
X X—
igne 2 O O
——X < X
A
O 5 00—
 igne 1 O O
Cc
D—O O
Tous les disjoncteurs aux deux extrémités sont refermés
O O—
 igne 2 O O
c
D—O O
IE(
Légende
1) JusQu'a 4 phases présentent un défaut a la terre O Disjoncteur fermé
2) Seules les phases en défaut ont été déclenchées X Disjoncteur ouvert
3) Tous les disjoncteurs aux deux extrémités sont @) Disjoncteur refermé
refermés

Figure 1 — Explication d’une stratégie de refermeture automatique a plusieurs phases

Note 2 a l'article: Une stratégie autre que celle décrite en 3.1.102 et 3.1.103 est communément appliquée: une
stratégie de refermeture automatique triphasée. Selon cette stratégie, les trois phases sont déclenchées et refermées
aux deux extrémités méme si un défaut ne survient que sur une phase. Pour le moment, les sectionneurs de terre
rapides sont rarement appliqués avec cette stratégie.

3.1.104

défaut successif

défaut a la terre supplémentaire survenant dans un (des) circuit(s) de phase(s) adjacent(s)
durant l'intervalle de temps entre un défaut monophasé a la terre et I'ouverture du (des)
sectionneur(s) de terre rapide(s)
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3.2 Ensembles d’appareillages

Pas de définition particuliére.

3.3 Parties d’ensembles

Pas de définition particuliére.

3.4 Appareils de connexion

3.4101

sedtionneur de terre rapide
HSES

sectionneur de terre capable:

— [(d'établir, conduire et couper le courant induit;

— |de supporter la tension de rétablissement générée par les couplages @lectromagnéti
et/ou électrostatique avant la refermeture du circuit;

— [(d'établir et supporter le courant de court-circuit assigné

Notg 1 & I'article: En général, le fonctionnement rapide s’applique a la fois pour la,fermeture et pour 'ouvertu

Notg 2 a I'article: Un sectionneur de terre rapide n’est pas prévu pour étre'utilisé comme sectionneur de mise|z

terrg lors d’'une maintenance.

Notg 3 a l'article: L’abréviation "HSES" est dérivée du terme anglajs developpé correspondant "high-speed eart
switch".

3.4/102

sedtionneur de terre rapide de classe M0
secftionneur de terre rapide doté d’'une endurance mécanique de 1 000 cycles de manceuvr

3.4/103

sedtionneur de terre rapide de classe M1
sectionneur de terre rapide doté_d’une endurance mécanique étendue de 2 000 cycles|
manceuvres pour exigences spéciales

3.5| Parties d’appareillage

Pag de définition particuliére.

3.6] Caractéristiques de fonctionnement de I’appareillage

Pag de définition particuliére.

3.7| ,Grandeurs caractéristiques

ue

eS

de

Pas de définition particuliere.

4 Conditions normales et spéciales de service

L’Article 4 de I'lEC 62271-1:2017 s’applique.

5 Caractéristiques assignées

5.1 Généralités

L’Article 5 de I'lEC 62271-1:2017 s’applique avec les ajouts suivants.
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NOTE Les catégories correspondant aux modes de défaut sont expliquées a I’Annexe B.

5.5

Courant permanent assigné (I,)

Le paragraphe 5.5 de I'l|EC 62271-1:2017 ne s’applique pas.

5.101 Pouvoir de fermeture assigné en court-circuit (,,,,)

Le paragraphe 5.101 de I'lEC 62271-102:2018 s’applique.

5.1

Le
ass|

a)

Dar
NOT|
prop

La
C -

caractéristiques assignées du HSES sont rattachées a la séquence de manesuy

1 est une durée supérieure a la durée exigée pour I'extinction de I'arc secondaire et p
le recouvrement diélectrique de I'isolation dans I'air au-point en défaut. 7,4 est déterminé

res

our
par

les utilisateurs en prenant en compte la stabilité_du réseau. La valeur préférentielle dg 7

est 0,15 s;

/- est la durée intermédiaire donnée par Ig protection du réseau. t,, comprend la durés

fermeture des disjoncteurs aprés I'ouverture des HSES, la durée d’'un nouveau défaut
la ligne et la durée de coupure des disjoncteurs. Une fois la durée ¢, écoulée, les H

peuvent alors étre refermés. La valeur préférentielle de ¢, est 0,5 s.
s ce cas, le HSES doit étre capable de fonctionner sans retard intentionnel.

E 1, et 1, sont établies par une,stratégie de systeme de commande et un HSES doit fonctionner selon
re temps de fonctionnement(

Figure 2 présentele chronogramme de la séquence de manceuvres assignée

de

sur
ES

son

de
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Fermé
Disjoncteur Ouvert
Fermé Fermé
Ouvert
HSES Circulation du courant Circulation du courant
‘ dans les HSES ‘ dans les HSES -
Ly o A li2 Ly _ Temps
D@ B @GO ® B @6
Légende
Didjoncteur Disjoncteurs de la ligne de transport qui 3 Entrée en contact des HSES
interrompent le défaut
HSES Sectionneurs de terre rapides 4 Mise sous tension du déclencheur de
'ouverture des HSES
1 Mise sous tension du circuit de fermeture 5 Séparation des contacts des HSES
des HSES
2 Début de la circulation du courant dans 6 Extinction de\l’arc dans les HSES
les HSES
Lt Durées définies en 5.102 7 Position'd’ouverture complete des HSES

NOTE 1 La valeur commune de la durée de refermeture est 1 § afin de garantir la stabilité du réseau.

NOTE 2 ¢, est normalement situé dans la plage de 0,15 s:8.0,5 s.
NOTE 3 ¢, est normalement situé dans la plage de 0{5,s a 1 s.

NOTIE 4 La séquence de manceuvres b) permetila stabilité de réseau dans le cas ol un nouveau défaut appgrait
sur la méme phase.

NOTE 5 La durée de fermeture des HSES)est généralement inférieure a 0,2 s.

Figure 2 — Chronogramme des HSES et des disjoncteurs
6 |Conception et construction

L’Afticle 6 de I'EC-62271-1:2017 s’applique avec les modifications suivantes.

6.5 Mancéuvre dépendante a source d’énergie extérieure

Le paragraphe 6.5 de I'|EC 62271-1:2017 ne s’applique pas.

6.7 Manceuvre indépendante sans accrochage mécanique (manceuvre indépendante
manuelle ou manceuvre indépendante a source d’énergie extérieure)

Le paragraphe 6.7 de I'l|EC 62271-1:2017 ne s’applique pas.

6.11 Plaques signalétiques

La désignation de I'équipement est spécifiée comme étant HSES.

Les éléments devant étre indiqués sur la plaque signalétique sont énumérés dans le Tableau 1.
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Tableau 1 — Informations sur la plaque signalétique

Elément Abréviation Unité
Nom du fabricant
Désignation du type
Numéro de série
Année de fabrication
Tension assignée U, kV
Tepston-assighéede-tente—atrechoesdefoudre & o
Tepsion assignée de tenue aux chocs de manceuvre U, kV
Tepsion assignée de tenue a fréquence industrielle Uy kV
Coprant de courte durée admissible assigné I kA
Valeur de créte du courant admissible assignée [p kA
Dufée de court-circuit assignée t S
Popvoir de fermeture assigné en court-circuit I kA
Prg¢ssion de remplissage pour I'isolement R). MPa
Prg¢ssion de remplissage pour la manceuvre P MPa
Tepsion(s) d’alimentation assignée(s) des circuits U, V

auxiliaires et de commande

SpEcifier courant continu/courant alternatif (avec
frépuence assignée)

Frgquence assignée I, Hz
Clgsse d’endurance mécanique M,/M,

Clgsse d’endurance électrique E,/E,

Type et masse du fluide (liquide ou gaz) pour l'isolement M; kg
Masse (liquide compris) M kg
Sépuence de manceuvres C-#,4-O ou

C-tr1-0-tr2-C-tr1-O

(tr1’ tr2)

Tepérature minimale et maximale de I'air ambiant °C

Cajégorie (facultative)?

a8 |[La catégorie permet de faire référence a I'Article B.2

6.12 Dispositifs de verrouillage

Le paragraphe 6.12 de I'l[EC 62271-1:2017 ne s’applique pas.

6.101 Dispositif d’antipompage

Le dispositif d’antipompage doit étre fourni pour un mécanisme d’entrainement pneumatique et
hydraulique.
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