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pfeparation is entrusted to technical committees; any IEC National Committee interested in the subject deal

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatjon,comp
national electrotechnical committees (IEC National Committees). The object of IEC is to promote’interna
-operation on all questions concerning standardization in the electrical and electronic fields\To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
bblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG, 'Publication(s)").

Ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the\dhternational Organizati
andardization (ISO) in accordance with conditions determined by agreement(etween the two organizatig

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,coemmittee has representation fro
terested IEC National Committees.

bmmittees in that sense. While all reasonable efforts are mafle to ensure that the technical content o
iblications is accurate, IEC cannot be held responsible for\the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
hnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
y IEC Publication and the corresponding national gr,regional publication shall be clearly indicated in the

C itself does not provide any attestation of conformity. Independent certification bodies provide confd
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

| users should ensure that they have the Tatest edition of this publication.

b liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees.and IEC National Committees for any personal injury, property damg
her damage of any nature ,whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
iblications.

tention is drawn to the\Normative references cited in this publication. Use of the referenced publicatig
dispensable for the“cerrect application of this publication.

C draws attention to the possibility that the implementation of this document may involve the use
tent(s). IECtakes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereaf. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
Ay be required to implement this document. However, implementers are cautioned that this may not repr
e latest\information, which may be obtained from the patent database available at https://patents.iec.ch
allmot-be held responsible for identifying any or all such patent rights.
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IEC
technical committee 17: High-voltage switchgear and controlgear. It is a Technical Specification.

S 622/71-319 has been prepared by subcommittee 1/A: Switching devices, of

The text of this Technical Specification is based on the following documents:

Draft Report on voting
17A/1404/DTS 17A/1411/RVDTS

IEC

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 Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

This document is to be read in conjunction with IEC 62271-100:2021, to which it refers and

whic

h is applicable unless otherwise specified.

A list of all parts of IEC 62271 series, under the general title High-voltage switchgear and
controlgear, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchangedunti| the

stabjlity date indicated on the IEC website under webstore.iec.ch in the data related’td the

spedific document. At this date, the document will be

e reconfirmed,

e Withdrawn, or

e revised.
IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understandjng
of {ts contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 62271, which is a Technical Specification, clearly segregates normative
requirements which are presented in the main text, from informative and advisory information
which is presented in a series of annexes. Using this approach all information pertaining to the
topic of circuit-breakers intended for controlled switching can be consolidated into this single
reference document. The IEC considers that this approach best meets the market need by
presenting all relevant information in the most concise and readily usable form.

For the purposes of this document, it has been assumed that there is no significant interaction

trol

betw
volts
This
swit

+h ££ $ £ 4l H + LE [l [ F 4
CUlIT Uic  TIITUilo UT 1T vdAadlivuo  pydadrditicivlo \IUI CAdITTYIC dITIVvICTIU 1Ty liaturc, LU

ge, etc.) which are considered to affect the mechanical performance of the circuit-bred

thing suggests this assumption is valid in practice for commonly used drive technolog

ker.

has not been proven for all combinations, however service experience with _Controlled

es.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 319: Alternating current circuit-breakers
intended for controlled switching

1 Scope

This
circu
inst3
abo
this

Inteptional non-simultaneous pole operation can be implemented by mechanical or elec

mea

Satig
perf
and

cont

This
suit3
defin
requ
perf
with

to mleet defined switching accuracy requirements only when applied with a suitably speg

cont

2

The
cong
For

ame

IEC
cont
IEC

hs and both methods are within the scope of this document.

sfactory service performance of controlled switching systems isiinfluenced by the inhg

rolled switching require a coordinated approach to systemintegration.

bility for controlled switching when applied withyan appropriate controller. Type tests
ed, and guidance is provided to establish the.switching device capabilities and parame
ired to facilitate proper system integration, but this document does not address

the requirements and guidance presented herein verify the ability of the switching dg

roller.

Normative references

following documents are referred to in the text in such a way that some or all of their cor
titutes requirements\of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including
hdments) applies.

50050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchg
rolgear-and fuses
£50050-441:1984/AMD1:2000

part of IEC 62271, which is a Technical Specification, is applicable to alternating.cufrent
it-breakers with intentional non-simultaneous pole operation designed for indoor or,outdoor
llations and for operation at frequencies of 50 Hz and 60 Hz on systems having voltages
e 1 000 V. This document provides additional ratings and type tests to be,conducted for
ype of circuit-breaker and is intended to be used in conjunction with IEC 62271-100:2021.

rical

rent

brmance capabilities of the switching device and by the choice of a suitable controller (r¢lay)
requires proper integration of these devices. Consequently, practical applications of

document addresses the performance capabilities af the switching device and establishes

are
bters
the

brmance requirements of the controller. In'lsummary, compliance and testing in accordance

vice
ified

tent
lies.
any

ear,

IEC 62271-1, High-voltage switchgear and controlgear — Part 1: Common specifications for
alternating current switchgear and controlgear

IEC 62271-100:2021, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

IEC

62271-100:2021/AMD1:2024

IEC 62271-101:2021, High-voltage switchgear and controlgear — Part 101: Synthetic testing

IEC 62271-110, High-voltage switchgear and controlgear — Part 110: Inductive load switching
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IEC TR 62271-306:2012, High-voltage switchgear and controlgear — Part 306: Guide to
IEC 62271-100, IEC 62271-1 and other IEC standards related to alternating current circuit-

brea

kers

IEC TR 62271-306:2012/AMD1:2018

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-441 and
IEC 62271-100 and the following apply.

ISO
addr

o |
3.1

3.1.1
idle
time
clos

3.1.1
co

pred
cong

3.2

3.2.1
cont
com
requ

Note
inclug

3.3

No ¢

3.4

and IEC maintain terminology databases for use in standardization at the follo
esses:

EC Electropedia: available at https://www.electropedia.org/

50O Online browsing platform: available at https://www.iso.org/obp
General terms and definitions

01

time

interval between consecutive operations (either betweena close and open or open
P operation)

02
pensation
ictive correction for changes in operating time taking account of ambient, drive and su
itions
Assemblies of switchgear and controlgear

01
rolled switching system

ired to achieve controlled switching as defined in 3.6.101

1 to entry: Necessary sensors refers to those required to provide inputs to the controlled system ang
e voltage transformers, ‘current transformers, temperature sensors etc.

Parts of assemblies

articular definitions.

Switching devices

ving

and

pply

pination of circuit-breaker, controller and necessary sensors and auxiliary equipient

may

No

articular definitions.

3.5

Parts of switchgear and controlgear

No particular definitions.

3.6

Operational characteristics of switchgear and controlgear

3.6.101

controlled switching
intended operation of a circuit-breaker at a specific, pre-determined point in relation to the
power frequency current or voltage

Note

1 to entry: The terms point-on-wave switching and point-on-cycle switching are also in widespread u

describe controlled switching.

se to


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=6a58d6ba583372d3fca06f1fc529905b
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3.6.102

intentional non-simultaneous pole operation

operation of a circuit-breaker with a specific, pre-determined time delay or delays between the
operation of the individual poles

Note 1 to entry: Non-simultaneity is typically measured and expressed in electrical degrees with relation to the
phase taken as reference e.g. 0°, 0°, 90° for each pole.

3.6.103
mechanically staggered circuit-breaker
circuit-breaker with fixed, mechanically implemented, non-simultaneous pole operation

3.6.104

controller
devigce used to define the instant of switching of a circuit-breaker and to operate '€ach |pole
independently according to a predefined sequence

3.7 | Characteristic quantities

3.7.101

opehing time

<of @ mechanical switching device>
intenval of time between the specified instant of initiation of,the opening operation and the
instgnt when the arcing contacts have separated in all poles

Note [1 to entry: The instant of initiation of the opening operations.ife. the application of the opening commangd (for
example energizing the release, etc.) is given in the relevant spegification.

Note P to entry: Time from the instant of coil energization to\arcing contact separation. Any delay introduced by a
contrpller is not considered.

[SOURCE: IEC 60050-441:1984+AMD1:2000, 441-17-36, modified — Notes 1 and 2 to ¢ntry
addgd]

3.7.102

closling time
intenval of time between the initiation of the closing operation and the instant when the confacts
touch in all poles

Note [I to entry: Time fremi\the instant of coil energization to arcing contact touch. Any delay introduced|by a
contrpller is not considered.

[SOURCE: IEC.60050-441:1984+AMD1:2000, 441-17-41, modified — Note 1 to entry adde(l]

3.7.103
closrlj-open time

intenval.of time between the instant when the arcing contacts touch in the first pole durihg a
closing operation and the instant when the arcing contacts have separated in all poles during
the subsequent opening operation

[SOURCE: IEC 60050-441:1984+AMD1:2000, 441-17-42, modified — addition of "arcing"]

3.7.104

minimum close-open clearing time

sum of the minimum close-open time when a trip command comes after a minimum relay time
of half a cycle after the arcing contacts touch in the first two poles during a closing operation
and the shortest arcing time of a minor loop breaking in the last phase to make

Note 1 to entry: For convenience of testing, the manufacturer may declare that the minimum close-open clearing
time is equal to sum of the minimum close-open time and the shortest arcing time of a minor loop breaking in the last
phase to make.
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3.7.105

mec

hanical scatter

random statistical variation of the mechanical operating time of a circuit-breaker, given by the
130 interval at rated conditions, excluding the influence of external variables and the effect of
long-term wear and/or drift

Note 1 to entry: For the purposes of this definition the term "external variables" includes all variables which could
have a systematic effect on the operating time for example ambient temperature, operating pressure, control voltage.
3.7.106

rate-of-decrease of dielectric strength

RDDS

voltgge withstand reduction as a function of time or arcing contacts gap during closing:|of a
circyit-breaker

3.7.107

raterof-rise of dielectric strength

RROS

voltgge withstand increase as a function of time or arcing contacts gap|during opening|of a
circyit-breaker

3.7.108

re-ignition free arcing time window

perigd of arc duration during a breaking operation during™which the arcing contacts [of a
mecpanical switching device reach sufficient distance to exclude re-ignition

3.7.109

targpt point for opening

prospective instant of arcing contact separation”’during a controlled opening operation [of a
circyit-breaker

3.7.110

targpt point for closing

prospective instant of arcing contdct touch during a controlled closing operation of a circuit-
breaker

3.7.111

targpt point for making

laker

k. For

3.7.113

clos
time

ing window
interval around the target point for closing

3.7.114

mak

ing voltage

voltage at which current is initiated during the closing operation of a circuit-breaker

3.7.115
delta ¢, auxiliary contacts (Ac,,y)

time difference between the operation of the arcing contacts and the operation of auxiliary
contacts


https://iecnorm.com/api/?name=6a58d6ba583372d3fca06f1fc529905b
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Note 1 to entry: Auxiliary contacts include position sensor contacts.

3.8 Graphical illustrations of key definitions
Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5 give graphical illustrations of key definitions.

a

N

A
.
A
Y

IEC

a — system voltage

b — clirrent through the circuit-breaker

¢ — oppen command initiation (from control room/SCADA)
d — afcing contact separation instant

e — afixiliary contact 'a' changeover instant

f— start of the controller for evaluation of command output
g — alixiliary contact 'b' changeover instant

h — trlp command initiated by the contfoller

i — ogening time

j — brpak time

k — affcing time

! — cyrrent breaking instant

y — d¢lay introduced-by the controller

Figure 1 — Example of a controlled opening operation
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k
b i
m i Ac
j i~
= / e/
c\ /f h g d v
- v: h
H !
IEC
Key

a — system voltage

b — clirrent through the circuit-breaker

¢ — clpse command initiation (from control room/SCADA)
d — alfcing contacts touch instant

e — afixiliary contact 'a' changeover instant

f— start of the controller for evaluation of command output
g — alixiliary contact 'b' changeover instant

h — close command initiated by the controller

i — make time

j — clgsing time

k — ptle-arcing time

! — making instant

4c - glelta c, time between arcing contacts tough and auxiliary contacts (Ac,,.)

m — delay introduced by the controller

Figure 2 <.Example of a controlled closing operation
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Key
a — tgrget point for opening (as per definition 3.7.109)

b — cdrrent breaking instant

¢ — system voltage

d — cyrrent through the circuit-breaker

e — afcing time

f— arf voltage

g — rdcovery voltage across the circuit-breaker contacts

Figure 3 — Current interruption definitions in a switching device

IEQ

d
- !
A
[2]
3 g
© 3
] .
c
o
o \ &
@ Q
3 7~
o
[$)
©
(0]
(o))
_g
o
>
N
Key

a — target point for making in vicinity of voltage peak (as per definition 3.7.111)
b — target point for closing (as per definition 3.7.110)

¢ — rate-of-decrease of dielectric strength (RDDS)

d — making window

e — closing window

f— making voltage

g — system voltage

h — current through the circuit-breaker

Figure 4 — Target definitions for a controlled closing operation
in the vicinity of voltage peak

IEC TS 62271-319:2024 © |IEC 2024
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Voltage across contacts

Key
a — t4
b — t3

¢ — rdte-of-decrease of dielectric strength (RDDS)
d — mlaking window
e — clpsing window
f— making voltage

g-s
h—c

4 Normal and special service conditions

Clau

5.1
Sub

Rate
o

5.2

rget point for making in the vicinity of voltage zero (as per definition 3.7.111)
rget point for closing (as per definition 3.7.110)

stem voltage
rrent through the circuit-breaker

Figure 5 — Target definitions for a controlled closing operation
in the vicinity of:voltage zero

se 4 of IEC 62271-100:2021 is applicable.

Ratings
General

tlause 5.1 of IE€62271-100:2021 is applicable with the following additions:

d charactéristics for circuit-breakers for intentional non-simultaneous pole operation
pted short-circuit making current for non-simultaneous closing.

Rated short-circuit making current (1,,,.) for intentional non-simultaneous clos

ing

Circuit-breakers intended for non-simultaneous pole closing, with targeting angles of 0, 0 and
+90 electrical degrees for each pole (hereafter referred to as °), may, in the event of closing
onto a three-phase fault experience higher peak making current in one of the first two poles,
than what is specified in IEC 62271-100. This would typically occur when closing the first two
poles at phase-to-phase voltage zero and the third pole 90° later for applications such as:

e capacitive loads in non-effectively earthed neutral systems;

e isolated neutral capacitive loads in effectively earthed neutral systems.
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The short-circuit making current rating of the circuit-breaker designed for non-simultaneous
closing, with the intended closing sequence as described above, shall be chosen from Table 1
taking into account the rated frequency and the specified DC time constant of the network.

NOTE 1 Non-effectively earthed neutral systems are specified up to 170 kV in IEC 62271-100.

Table 1 — Peak making factors for the short-circuit making current
for circuit-breakers for use in non-effectively earthed neutral systems
or isolated neutral capacitive loads when closing the first two poles
at zero phase-to-phase voltage and the third pole 90° later

NOTH
earth
each

NOTH
they

NOTEH

Circ
with
mak
mak

Time constant Peak making factor
(50 Hz or 60 Hz)
ms I
45 3,0
60 3.1
75 3,1
120 3,2

2 For circuit-breakers intended to be used for voltage zero closing_ ifieffectively earthed neutral system
bd neutral capacitive loads no enhanced making current will occur however full asymmetry will be develoq
phase when closing onto a pre-existing fault.

3 Equipment connected in series with the circuit-breaker{will*also be exposed to enhanced peak currg
ceur.

4 Due to the making conditions explained above, higher asymmetry will result (see 7.2.2).

Lit-breakers rated according to IEC 62271-100 may be suitable for such applicat
put additional short-circuit making current test as per 7.2.4, if the specified short-ci
ng current, at the circuit-breaker. location, is less than or equal to the rated short-ci
ng current multiplied by the de-rating factor as specified in Table 2.

Table 2 — Short-circuit making current de-rating factors in non-effectively
earthed neutral systems when closing the first two poles
at zero phase-to-phase voltage and the third pole 90° later

Time constant De-rating factor
ms 50 Hz 60 Hz
45 0,83 0,87
60 0,84 0,87
75 0,87 0,87
120 0,84 0,84

s and
edin

nts if

ions

rcuit
rcuit

NOTE 5 The de-rating factors in Table 2 are defined as ratios between the peak factors for rated peak withstand
current given in Table 5 of IEC 62271-1:2017 and the peak factors in Table 1.

NOTE 6 It is assumed that the circuit-breaker is fully type tested according to IEC 62271-100.
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6 Design and construction

6.1 General

Clause 6 of IEC 62271-100:2021 is applicable with the following additions:

6.2 Mechanical scatter

Mechanical scatter shall be given for both opening and closing operations.

The occommaendad nrocediireto-datarmina machanicaal canattAr 10 A AN 10 A Ay D
CCoOMmM e O Co—pPTroCCOoTrcTo Ottt C T e o rarCar—SCattCT o grv e 7y ircX O

6.3 | RDDS

RDOS shall be given for both positive and negative polarities.
The fecommended procedure to determine RDDS is given in Annex C.

6.4 | Auxiliary and control equipment and circuits

Intepded pole non-simultaneity shall not compromise any contrel equipment and circuits $uch
as fgr anti-pumping and pole discrepancy.

6.5 | Uncontrolled operations

Circtiit-breakers tested in compliance with this techfical specification and intended to be lised
with| a controller shall be able to operate when, the controller is rendered inoperable in
contjngency situations.

Circuit-breakers intended for capacitive switching shall minimally meet class C1 according to
IEC B2271-100 for a given application.

For shunt reactor switching, the uncentrolled operation of the circuit-breaker can be harmfyl for
the ghunt reactor and the circuitsbreaker (see 7.4, NOTE 3). Uncontrolled operations of shunt
reacfors at 245 kV and aboye\should be avoided.

6.6 | Nameplates

The [nameplates of.mechanically staggered circuit-breakers shall indicate the intended [time
delay between polés for opening and/or closing and a specific reference to this technical
spedification,

The [hameptates of single-pole operated circuit-breakers intended for controlled switching shall
havg aspecific reference to this technical specification if the final application is known.

6.7 Simultaneity of poles during closing and opening operations
6.7.1 Single-pole operated circuit-breakers intended for controlled switching

For single-pole operated circuit-breakers intended for controlled switching, the same
requirements for simultaneity of poles during single closing and single opening operations
(see 6.101 of IEC 62271-100:2021) shall apply, since the intentional non-simultaneity will be
introduced electronically by the controller.

6.7.2 Mechanically staggered circuit-breakers intended for controlled switching

The manufacturer shall declare the intended pole operating sequence of the circuit-breaker for
both opening and closing. The intended non-simultaneity and the associated tolerances shall
be declared.
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6.7.3 Non-simultaneity between individual making and breaking units (MBUs) of a
pole

For controlled opening and closing targeting voltage peak, the permissible non-simultaneity
between MBUs of a same pole defined by IEC 62271-100 is generally sufficient for most
applications.

For controlled closing targeting voltage zero, the permissible non-simultaneity between making
and breaking units of a same pole is highly dependent on the mechanical scatter of the circuit-
breaker as shown in Annex M. Annex M can be used as a guide for the user to specify the
permissible non-simultaneity between making and breaking units of a same pole.

Nonisimultaneity between individual MBUs of a same pole shall be recorded during [rolitine
testing as specified in 8.1.

7 Type tests

71 General

Clayse 7 of IEC 62271-100:2021 is applicable with the following additions:

Typeg tests for circuit-breakers with intentionally non-simultan€ous poles are listed in Tabje 3.
Thege type tests shall be performed only if the condition requiring the type test is met. These
type| tests verify conditions introduced by non-simultaneous pole operation which arel not
covgred under IEC 62271-100.

Type¢ testing requirements depend on the application as outlined in Table 3.
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Table 3 — Type tests for circuit-breakers intended for controlled switching

Type tests dependent Condition requiring type test Subclauses
upon application,
rating or design
Test duty T100a Controlled closing at phase-to-phase voltage zero for the first two 7.2.3
phases and at voltage zero 90° later for the third phase (see 5.2) and
subsequent interruption of asymmetrical current in non-effectively
earthed neutral systems
Short-circuit making Controlled closing at phase-to-phase voltage zero for the first two 7.2.4
current phases and at voltage zero 90° later for the third phase (see 5.2) in
non-effectively earthed neutral systems
Capfacitive current Controlled opening in non-effectively earthed neutral systems or 7\3
switching controlled switching of capacitor banks
Inddctive load switching Controlled switching of a shunt reactor 7.4
Confrolled closing All controlled closing applications 7.5
7.2 | Miscellaneous provisions for making and breaking tests
7.2.1 General
Sub¢lause 7.102 of IEC 62271-100:2021/AMD1:2024 is applicable to all making and bregking

testq

7.2.1
Sub

7.2.3

Sub
addi

This

earthed neutral systems (see\NOTE) when the intended closing sequence is as per 5.2.

Wheln a circuit-breaker:has already been tested as per IEC 62271-100, it may not be neces
rform additional festing if it can be demonstrated that the product of "/ x At4" prior to cufrent

to p4
intern

unless otherwise specified in 7.2.2 to 7.3.

) Identical nature of the MBUs

tlause 7.102.4.2.3 of IEC 62271-100:2021 isapplicable except for item (a).

] Test duty T100a

ions:

test duty applies only to cjr¢uit-breakers intended for controlled closing in non-effect

ruption of the major loop is equal to or greater than the product of " x At4" indicatg

Tabl

accqrding to"%M04.2.2 of IEC 62271-100:2021 may cover the required asymmetry criter

Tabl

time|constants. In this case no additional tests need to be performed. IEC TR 62271-306
be used as a guide for these calculations.

4 and Table 5 below considering the minimum close-open clearing time. T100a f{

tlauses 7.104.2.2 and 7.104.2.3 of JEC 62271-100:2021 are applicable with the following

vely

sary

din
ests
a of

4 orFable 5, e.g. from tests with higher rated short-circuit breaking currents or highef DC

can

The test procedure follows IEC 62271-100 with exception of the required prospective values of
the peak short-circuit current and loop duration that shall be attained by the last major loop
prior to interruption. These values are provided in Table 4 or Table 5 of this document.

Whe

n employing a synthetic testing method, refer to Annex O.
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In the case of three-phase testing of a three-pole operated circuit-breaker with non-
simultaneous poles (including staggered pole operation) which is intended for operation in non-
effectively earthed neutral systems the test procedure shall be agreed between manufacturer
and user.

NOTE For three-phase testing or single-phase testing in substitution of three-phase conditions of a single-pole
operated circuit-breaker with non-simultaneous poles which is intended for operation in non-effectively earthed
neutral systems, it is assumed that the short-circuit is initiated at voltage zero of the phase-to-phase voltage of two
phases and the subsequent voltage zero of the third phase (90° later). The initiation of the short-circuit is made by
a closing operation of the same circuit-breaker that is intended to clear a three-phase fault.

Table 4 — Last current loop parameters in three-phase tests and in single-phase tests in

substitution for three-phase conditions in relation with short-circuit test-duty T100a in
non-effectively earthed neutral systems — Tests for 50 Hz operation
;| M loseropen | e
At, Aty At, At,,
ms ms p.u. ms ms ms ms
10,0 < ¢+ < 27,7 1,71 15,3 4,9 16,9 12,4
27,7 <t<48,5 1,45 13,0 4,3 14,7 10,8
o 48,5<1<69,0 1,29 11,9 4,0 13,6 9,9
69,0 <r<89,3 1,19 11,2 37 12,9 9,3
10,0 <¢t<27,4 1,83 16,8 5,4 18,5 13,3
27,4 <1 <48,2 1,60 14,1 4,7 15,8 11,7
48,2 <1<68,7 1,43 12,8 4,3 14,5 10,7
00 68,7 <+<89,0 1,31 12,0 4,0 13,7 10,0
89,0 <r<109,3 1,22 11,4 3,8 13,1 9,5
109,3 <r<129,4 1,16 11,0 3,7 12,7 9,2
10,0 < <27,2 No zero crossing between first two major loops
27,2 <t<48,0 1370 15,1 5,0 16,7 12,4
48,0 <1<68,5 1,54 13,6 4,6 15,3 11,4
75 68,5 << 88,8 1,41 12,7 4,3 14,4 10,6
88,8 <t < 109,1 1,32 12,0 4,0 13,7 10,1
109,1 <(15129,2 1,24 11,6 3,9 13,2 9,7
129,2v</r < 149,4 1,19 11,2 3,7 12,8 9,3
10,0 <7< 26,8 No zero crossing between first two major loops
26,8 <t<47,4 1,90 17,5 5,8 19,1 14,0
47,4 <t <67,9 1,76 15,6 5,3 17,2 12,9
67,9 << 88,3 1,65 14,5 4,9 16,2 12,1
= 88,3 <1<108,5 1,55 13,7 4,6 15,4 11,4
108,5 <1< 128,8 1,46 13,1 4,4 14,7 10,9
128,8 <1< 149,0 1,39 12,6 4,2 14,2 10,5
149,0 < 1 < 169,1 1,33 12,2 4,1 13,8 10,2
{\l(gITE 1 Minimum close-open clearing times above these ranges have no practical use and are not included in the
able.
NOTE 2 The symbols are defined in 7.104.1 of IEC 62271-100:2021.
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Table 5 — Last current loop parameters in three-phase tests and in single-phase tests in
substitution for three-phase conditions in relation with short-circuit test-duty T100a in

- 23—

non-effectively earthed neutral systems — Tests for 60 Hz operation

- k=15
(| Wi ciose-gpen | ”
At, At,, At, At,,
ms ms p.u. ms ms ms ms
8,3<1=<229 1,79 13,5 4,3 14,9 10,8
22,9 <t<40,3 1,54 11,4 3,8 12,8 9,5
U5 40,3<¢r=<57,4 1,38 10,4 3,5 11,8 847
57,4 <t<74,3 1,26 9,7 3,3 11,1 811
74,3 <1t<911 1,18 9,3 3,1 10,7 7,8
8,3<t=<227 No zero crossing between first two majordeops
22,7 <1<40,0 1,68 12,4 4,1 13,8 10,2
40,0 <t < 57,1 1,52 11,2 3,8 12,6 9,4
60 57,1<t<74,0 1,39 10,5 3,5 11,9 8,8
74,0 <1<90,9 1,30 9,9 3,3 11,3 8,3
90,9 <t =<107,7 1,22 9,5 32 10,9 8,0
107,7 <t<124,5 1,17 9,2 3,1 10,6 7,7
8,3<t=<225 No zero crossing between first two major loops
22,5<1<39,8 1,79 13,2 4,4 14,6 10,8
39,8 <t<56,9 1,63 12,0 4,0 13,4 10,0
56,9 <r<73,8 1,50 11,2 3,8 12,5 9,3
75 73,8 <t<90,7 1,40 10,6 3,6 11,9 8,8
90,7 <t<107,6 1,32 10,1 3,4 11,5 8,4
107,6 << 1244 1,26 9,7 3,3 11,1 8,1
124,4 <t <1411 1,21 9,4 3,2 10,8 7,9
141,1 << 157,9 1,17 9,2 3,1 10,6 7,7
8,3<t=<222 No zero crossing between first three major loops
22,0 < t239,4 No zero crossing between first three major loops
39,4<¢= 56,4 1,84 13,7 4,7 15,1 11,2
564 <1<73,4 1,73 12,7 4,3 14,1 10,6
20 73,4 <1<90,2 1,64 12,0 4,1 13,4 10,0
90,2 <t=< 1071 1,56 11,4 3,9 12,8 9,6
107,1 <¢<123,9 1,48 11,0 3,7 12,4 9,2
123,9 <t < 140,7 1,42 10,6 3,6 12,0 8,9
140,7 << 157,5 1,37 10,3 3,5 11,7 8,6
{\l(gITE 1 Minimum close-open clearing times above these ranges have no practical use and are not included in the
able.

NOTE 2 The symbols are defined in 7.104.1 of IEC 62271-100:2021.
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7.2.4 Short-circuit making current

7.2.41 General

Subclause 7.105.2 of IEC 62271-100:2021/AMD1:2024 is applicable with the following addition:

The

short-circuit making current shall be that as defined in 5.2.

7.2.4.2 Three-phase tests

Subclause 7.105.2.2.1 of IEC 62271-100:2021 is applicable with the following addition:

eart
may
mak
peak

This
achi

7.2.4
Sub

For

For ihree-pole operated circuit-breakers intended for voltage zero closing in non-effect

ed neutral systems a single making test with source voltages lower than nominat vol
be performed to demonstrate the making and latching capability of the design: The

making factors specified in Table 1.

bved as part of a previous test series on an equivalent, non-staggered design.

.3 Single-phase tests
lause 7.105.2.2.2 of IEC 62271-100:2021 is applicablewith the following addition:

5ingle-pole operated circuit-breakers intended for/voltage zero closing in non-effect

earthed neutral systems a single making test withnsource voltages lower than nominal vol

may
mak

This
achi

7.3
7.3.1

Sub
in7.

7.3.7

Sub

be performed to demonstrate the making and'latching capability of the design. The
ng current shall be as defined according te the peak making factors in Table 1.

bved as part of a previous test seriés for simultaneous operation.

vely
tage
beak

ng current shall be obtained by multiplying the rated short-circuit breaking,current by the

test may be omitted if the enhanced short-circuit making performance has already been

vely
tage
beak

test may be omitted if the enhanced short-circuit making performance has already been

Capacitive current making and breaking tests
General
lause 7.111 of IEE€-62271-100:2021/AMD1:2024 is applicable unless otherwise spegified
3.2 to 7.3.4.
Test voltage to verify controlled opening in non-effectively earthed neutral
systems
lause)7.111.7 of IEC 62271-100:2021 is applicable with the following addition:

For direct single-phase laboratory tests, the voltage measured at the circuit-breaker location
immediately before opening shall be not less than the product of Ur/«/g and the following
capacitive voltage factor k:

k. = 1,5 for tests corresponding to:

Expl

breaking during normal service conditions in non-effectively earthed neutral systems

with a non-simultaneity at arcing contact separation at opening in the different poles

exceeding one fourth of the cycle of the rated frequency;

at arcing contact separation at opening in the different poles exceeding one fourth o
cycle of the rated frequency.

anations relative to this voltage factor are given in Annex L.

breaking of capacitor banks with non-effectively earthed neutral with a non-simultaneity

f the
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7.3.3 Test-duty to verify controlled opening in non-effectively earthed neutral

systems

Circuit-breakers intended for controlled opening of lines, cables and single capacitor banks will

be e

xposed to significant dielectric stress in the event of inappropriate controller settings.

For this reason, circuit-breakers intended for controlled switching of lines, cables and single
capacitor banks, an appropriate capacitive current switching class shall be chosen as per
6.107.4 of IEC 62271-100:2021 and tests shall be performed with the test voltage specified
above as per the selected capacitive current switching class C1 or C2.

7.3.

Test-duty to verify controlled switching of back-to-back capacitor banks

Circtit-breakers intended for controlled closing or opening of back-to-back capacitor)bankg

be e

For

posed to significant inrush currents in the event of inappropriate controller settings.

banks, an appropriate capacitive current switching class shall be chosen as per 6.107

IEC

652271-100:2021 and tests shall be performed with the test voltage' specified above as

the gelected capacitive current switching class C1 or C2.

7.4

Test
the

(RR
for t

Determination of the chopping characteristics and RRDS for inductive load
switching

will

this reason, circuit-breakers intended for controlled switching of backxto-back capalcitor

4 of
per

chopping characteristics of the circuit-breaker and*the rate-of-rise of dielectric stre|
DS). The evaluated data should be used to determine the suitability of the circuit-bre

NOTHE 1 In service, the minimum arcing time and hence; the width of the re-ignition free arcing time window c

differ

ent from that obtained from inductive switching-'type test results depending on reactor characteristic

netwg@rk configuration. The values can be dissimilar for each circuit-breaker pole based on type of groundin
magnietic core design of the reactor.

For

bach pole, the mechanical scatter of the circuit-breaker shall be within the re-ignition

arcing time window.

Figu

Fe 6 illustrates some key definitions for the determination of the minimal re-ignition

arcing time window foreach pole needed for reactor switching. The minimum arcing time 'b

be s
asp

pecific to the test ¢urrents and load circuit parameters used during inductive load te
br [IEC 62271-110 and cannot be directly applied for any reactor configuration.

results based on IEC 62271-110 for inductive load, switching shall be used to deter[ine

he specific shunt reactor application using thesmethod described in IEC TR 62271-304.

ngth
ker

An be
and
) and

free

free
[ will
5ting
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a — last half cycle current loop
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NOTH

supprlession peak voltage which exceeds the voltage withstand/of the circuit-breaker.
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inimum arcing time for an effectively earthed reactor obtained as per IEC 62271-110
-evaluated minimum arcing time for specific reactor and system configuration
-ignition free arcing time window

t half cycle loop duration

Figure 6 — Last half cycle current loop during reactor switching

2 Controlled switching of inductive loads with a circuit-breaker with high current chopping can resul

3 As a general rule, re-ignitions are to be avoided, as the re-ignition overvoltages can exceed the vd
and of the circuit-breaker and/or reactor, see also TEEE Std C57.21, Annex B. High du/dt can also res
ge to the reactor insulation material. Arcing times’/can be chosen to be longer than one half cycle s
Liption occurs with a greater distance betweeh)arcing contacts and re-ignition overvoltages remain
table limits.

Controlled closing test

Applicability
target is the mostionerous condition and is therefore sufficient to demonstrate the a

circuit-breakerfor-all target points.

test is mandatory for all circuit-breakers intended for controlled closing, in case no ¢

the RBDS test.

test procedure aims to'demonstrate the ability of the circuit-breaker to consistently inil:iate
currgnt within a predefined-making window. Independent of the application, testing at vol

T o o o o o o o o o

in a

ltage
ult in

that
vithin

age
bility

ther

can be Used to reliably verify this characteristic. This test can be performed in combination

7.5.2

2 ___Generalrequirements

A predefined making window shall be selected as per application requirements. Typical
examples of predefined making windows are 1,0; 2,0; or 3,0 ms. A controller with a minimal
precision of +100 ys shall be used considering laboratory conditions demonstrates the best
potential performance which may be expected of the circuit-breaker in an "ideal" controlled
switching system.

NOTE Based on the test results, a different making window can be defined and indicated in the test report.

The predefined making window is chosen as a function of the desired maximum making voltage.
Table K.2 and Table K.3 deliver some guidelines on how to determine the specified making
window based on the desired maximum making voltage.
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7.5.3 Specified target point for closing defined by the manufacturer

The laboratory controller shall be set at the specified target point for closing defined by
manufacturer for the controlled closing test based on the RDDS and mechanical scatter
characteristics of the circuit-breaker. Before commencing the controlled closing test, no-load
operations shall be made and details of the operating characteristics of the circuit-breaker
recorded.

As the RDDS characteristic of a circuit-breaker may vary from one voltage polarity to another,
the circuit-breaker shall be tested in both voltage polarities.

The [laboratory controller shall be set considering the circuit-breaker characteristics tonrg¢ach
effe¢tive making within the specified maximum making voltage.

7.5.4 Characteristics of the power frequency supply circuit

For single-phase testing, the test voltage shall be not less than Ur/\/g for circuit-breakers
intended for application in effectively earthed neutral systems and net|less than 1,5 times
(depending on the application) Ur/\/§ for circuit-breakers intended for application in

non-effectively earthed neutral systems. For some applications,/higher test voltages may be
requfired such as for unearthed capacitor bank switching. For dnit tests, the test voltage shall
be dhosen to correspond to the most stressed unit of the pole of the circuit-breaker. THree-
phage testing is also acceptable.

The [test circuit shall fulfil the following criteria:

a) the power frequency voltage amplitude variation of the source shall be less than 2 %;

b) the test current shall not exceed the prefersed value of rated capacitive current and a Value
in excess of 10 A is preferred;

c) testshall be performed at rated frequency.

Tests performed at 60 Hz cover 50/Hz applications.

7.5.% Test procedure — general requirements
7.5.5.1 General

The [controlled closing test consists of a series of making operations at rated operating
conditions with the eircuit-breaker in new condition and a series of making operations on a|pre-
conditioned circuit-breaker at minimum functional pressure for insulation and/or switching (if
appljcable). Fests on a pre-conditioned circuit-breaker only apply to class C2 circuit-breaklers.

Testps shall be performed with both voltage polarities. The pre-conditioning tests shall comply
with[7%411.9.4.1 of IEC 62271-100:2021.

The test arrangement shall be such as to avoid depressurisation of the circuit-breaker between
the pre-conditioning tests and making operations. If local safety rules require depressurisation
prior to access to the vicinity of the circuit-breaker it is permissible to decrease the pressure
providing that the gas is reused when refilling the circuit-breaker. All the used gas may not be
available for refilling of the test object. In this case, it is permitted to top up the test object with
new gas to the specified pressure. Proper gas handling shall be used to avoid unnecessary
refilling with new gas. At least 50 % of the used gas shall be reused.

Separate poles may be used for the new and pre-conditioned test series.

The circuit-breaker shall pass the tests in 7.5.5.2 and 7.5.5.3.
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7.5.5.2 Test procedure for circuit-breaker in new condition

20 making operations shall be performed at the target point for closing specified by the
manufacturer (see 7.5.3). All 20 making operations are to be performed with the same controller
setting.

The circuit-breaker has passed the test if all 20 operations result in current initiation within the
declared making window of the circuit-breaker. In the event of a single making operation within
the 20 operations falling outside the making window a further 20 making operations shall be
performed. The circuit-breaker has passed the test providing that current initiation occurs within
the making window in not less than 19 of the second series of 20 operations.

7.5.¢

20 1
man
setti

The

initia
oper
oper
initig
oper

8

8.1

Clau

Am
mec

breaking unit per pole, the time difference shall not exceed requirements as specified in 6

Ope

Rou

.3 Test procedure for pre-conditioned circuit-breaker

naking operations shall be performed at the target point for closing spetcified by
ufacturer (see 7.5.3). All 20 making operations are to be performed with theysame contr

hg.
circuit-breaker has passed the test if not less than 18 of the 20 operations result in cu
tion within the declared making window of the circuit-breaker. In-the’event of a third m
ation within the 20 operations falling outside the making window, a further 20 m
ations shall be performed. The circuit-breaker has passedthe test providing that cu

tion occurs within the making window in not less than/18 of the second series ¢
ations.

Routine tests

General

se 8 of IEC 62271-100:2021/AMD1:2024 is applicable with the following additions:

nimum of 30 operations at rated\conditions shall be performed and recorded to cor
nanical scatter as described in_Annex B. If the circuit-breaker consists of more than

hing and closing times shall be specified on a per pole basis.
ine tests may be.performed on site as per IEC 62271-100.

Guide to‘the selection of switchgear and controlgear for service
informative)

the
oller

rent
king
king
rrent
f 20

firm
one
7.3.

9.1

General

Clause 9 of IEC 62271-100:2021/AMD1:2024 is applicable with the following additions:

9.2

Voltage factors based on system configuration

When selecting a circuit-breaker for non-simultaneous closing, the suitability shall be evaluated
based on the system voltage across the open arcing contacts. Other critical parameters such
as RDDS and mechanical scatter also need to be considered. Refer to Annex K for more details.

Table 6 defines voltage across individual poles due to the shift in neutral voltage for non-
simultaneous controlled closing.
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Table 6 — Voltage factors depending on earthing conditions

Voltage factor (p.u.) 2
Earthing conditions First pole-to- Second pole-to- Third pole-to-
close close close
Non-effectively earthed neutral systems 1,0 1,0/1,73b 1,5
Effectively earthed neutral systems® 1,0 1,0 1,0

b

a8 The values given do not consider trapped charges or oscillations on the load side.

When the first two poles are closed simultaneously, each pole will be subjected to a voltage factor of 1,0 p.u.

WVhen the first and second poles are closed non-simultaneously the second pole-to-close will be subject¢
h voltage factor of 1,73 p.u.

Vhen the supplying transformer and load to be switched are electrically close together, for example in
bame substation (i.e. when X /X, < 1) a voltage factor 1,0 applies to all three poles. For rare ¢ases when

oad to be switched are remote from the supplying transformer (i.e. when X /X, < 3) voltage\factors of
bnd 1,3 apply to the second and third pole-to-close respectively.

d to

the
the

9.3

Mechanical and electrical characteristics of the circuit-breaker

9.3.1 Reference mechanical travel characteristics

For
thei

hdividual poles may vary. In such cases the reference mechanical travel characteristic

be measured on a per pole basis.

9.3.2 Mechanical characteristics of the circuit-breaker as a function of environme

The
time

and operating conditions

closing and opening times and their variation as a function of ambient air temperature
control voltage, pressure for operation may be needed for controlled switching and

be pgrovided by the manufacturer by m@€ans of the parameter definition summary test rg
(Annex A).

Rec

bmmended test procedures._are given in Annex D, Annex E, Annex F, Annex G, Annsg

Anngx | and Annex J to determine the impact of these parameters on the operating times o
circlit-breaker.

To li

mit testing to a’minimum, a combined test procedure which incorporates the requirem

of IHC 62271-1Q0vis given in Annex N.

9.4

Effect.of RDDS and mechanical scatter on target determination

RDOS@nd mechanical scatter are two important circuit-breaker characteristics to be consid

for ¢
and

10

10.1

mechanically staggered circuit-breakers the reference.meChanical travel characteristic of

shall

ntal

idle
shall
port

X H,
f the

ents

ered

ntrolled switching. A guide to determining the target point for making, depending on R

DS

mechanical scatter and for different applications is presented in Annex K.

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

General

Clause 10 of IEC 62271-100:2021 is applicable with the following addition.

A parameter definition summary test report as detailed (see Annex A) should be provided.
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11 Transport, storage, installation, operation instructions and maintenance

1.1

General

Clause 11 of IEC 62271-100:2021/AMD1:2024 is applicable with the following additions:

11.2

Commissioning of circuit-breakers for controlled switching

To minimize system disturbances and limit the number of operations after circuit-breaker
energization the following recommendations need be considered during on-site testing:

* H
e 4
§

* f
e U

11.3

Recpmmendations are to be given regarding minimum maintenance requirements to en
that the specified accuracy is maintained throughout the life gf’the installation.

The

Adaptive control can be used to compensatefor both electrical and mechanical deviaf

assy
neeq

using auxiliary contacts, deviations in timing with respect to the arcing contacts need t

cons

be measured and recorded as per Annex J.

It is

the piser to make the necessary adjustments to the controller settings or to perform cir

bred|

12

Clau

13

erform no-load operations on the complete control switching system;

stablish a clear test procedure based on the system application (before_ @nd
nergization);

erform live tests to confirm that the correct targeting is achieved,;

Maintaining controlled switching accuracy

ming the measurement system has sufficient accuracy. When current measureme
ed, possible core saturation effects shall'be considered. For mechanical adaptation co

idered. Correlation between timing @f the arcing contacts and auxiliary contacts, Ac,,

recommended to set controller alarms that can detect improper operation. This will g

ker maintenance.

Safety

se 12 of lEC 62271-100:2021 is applicable.

after

se the controller data or other external recordings to make the necessary adjustments to
the controller settings as needed.

sure

user needs to be informed of any possible effects ©f aging including special maintenance
requirements to maintain circuit-breaker required performance.

ions
nt is
ntrol
b be
shall

llow
cuit-

nfluence of the product on the environment

Clau

se 13 of IEC 62271-100:2021 is applicable.
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A1

Annex A
(informative)

Parameter definition summary test report

General

The purpose of the parameter definition summary test report, typically provided by the circuit-

breaker manufacturer,

Appl
be s

faci

It is

defi

I

infor
perf

A.2

A.2

The

a)
b)
c)
d)
e)
f)

9)
h)
i)

t

(@)

is to present a single document summarizing all the circuit-bre

W nigr pe required 1or O olied W g 10 a given app dlionn.

ker timing response. These tests are design specific verifications which(do" not
[fail criteria but result in data that can be used to characterise thescircuit-bred
bmmended test procedures are presented in Annex B, Annex C, Annex D, Anng
ex F, Annex G, Annex H, Annex | and Annex J. All parameter definition tests (except fo

icable test results should be presented in the parameter definition summary test repo

tate transfer into any given controller.

not the intention of this technical specification to4equire repeated testing for parani
ition purposes. Therefore, parameter definition ‘tests may be omitted if the requ
mation can be reliably derived from alternative methods (i.e. type test reports alrg
brmed, well documented empirical observation.or routine testing).

( General information
following information shall bg.included in the parameter definition summary test repor

ype of apparatus;

eneral layout drawing;

ated voltage (kW)

ated current (A);

pted frequency (Hz);

lling pressure for operation (MPa) (if applicable);

llibg pressure for insulation and/or switching (MPa) (if applicable);

ct of controlled voltage and mechanical scatter are performed at rated control voltage|.

aker

cuit-
nave
hker.
x E,
r the

t, to

Lipplied to the user upon request and be preferably in a table format or in such a way as to

eter
ired
bady

Information to be included in the parameter definition summary test report

[

Q)

pplicable standard(s);

manufacturer name.

A.2.2 Parameter definition tests

A.2.2.1 Determination of mechanical scatter

The following information shall be included in the parameter definition summary test report:

a) reference number of the test report;

b) maximum, minimum and mean operating timing characteristics of the arcing contacts,
auxiliary contacts, Ac,,,, With respective 3¢ confidence interval for an opening and closing
operations for rated supply voltage of auxiliary circuits, each pressure for operation (if
applicable) and each control voltage (if applicable).
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A.2.2.2 Determination of RDDS
The following information shall be included in the parameter definition summary test report:

a) reference number of the test report;

b) RDDS in new condition in kV/ms in each polarity and for each pressure (if applicable);

c) when relevant, RDDS in worn condition in kV/ms in each polarity and for each pressure
(if applicable).

A.2.2.3 Impact of control voltage

Wheh applicable, the following information shall be included in the parameter definjition
summary test report:

a) reference number of the test report;

b) maximum, minimum and mean operating times for each voltage level defined in Table D.1.
A.2.p.4 Impact of low temperature

Wheln applicable, the following information shall be included in_the parameter definjtion
summary test report:

a) reference number of the test report;

b) raximum, minimum and mean operating timing charactéristics for each tested temperature.
A.2.p.5 Impact of high temperature

Wheln applicable, the following information shall be included in the parameter definition
summary test report:

a) reference number of the test report;
b) maximum, minimum and mean operating timing characteristics for each tested temperature.

A.2.2.6 Impact of pressure for-operation

Wheln applicable, the following-information shall be included in the parameter definition
summary test report:

a) reference number of the test report;

b) maximum, minimum and mean operating timing characteristics for each tested pressurg for
gperation.
A.2.R.7 Impact of pressure for insulation and/or switching

Wheln applicable, the following information shall be included in the parameter definfition
summary test report:

a) reference number of the test report;

b) maximum, minimum and mean operating timing characteristics for each tested pressure for
insulation and/or switching.
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A.2.2.8 Impact of idle time

When applicable, the following information shall be included in the parameter definition
summary test report:

a) reference number of the test report;

b) maximum, minimum and mean operating timing characteristics for each tested idle time.

A.2.2.9 Impact of electrical wear

When applicable, the following information shall be included in the parameter definition

sum

a) r
b) t

A.2.

When applicable, the following information shall be included in the/parameter defin

sum
a) r
b) d
c) t
d) H

mary testreport:

peference number of the test report;
me difference between the main and auxiliary contacts before and after pregonditioni

.10 Determination of the characteristics of the circuit-breaker needed for rea
switching (if applicable)

mary test report:

eference number of the test report;
hopping characteristics;
bst voltage and kpp of the test circuit and earthing conditions;

RRDS in kV/ms in each polarity.

hg.

ctor

ition
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Annex B
(informative)

Determination of mechanical scatter

liary

B.1 Applicability

These are optional tests and should be performed only if the impact of mechanical scatter and
electrical wear cannot be obtained from type tests already performed according to
IEC p2271T=100:

B.2| Test procedure

The | measurement of mechanical scatter of the circuit-breaker arcing contacts, aux
contpcts could be combined with the normal mechanical operation test sequence describgd in

7.10
mec

Ope
as c
mea
touc
obta
test

Circ
feed
rep

begi

The
com

1.2 of IEC 62271-100:2021. If insufficient data is available from a,previously perfor
hanical operation test, then the following test should be performed:

Fating times should be recorded with a minimal precision of-0,1 ms. Dynamic effects
pntact bounce may be important and it is recommended/that there is no "filtering" o

med

such
f the

h/separation and as such create a false opening/closing time characteristic. In ord
In more precise standard deviation results, all opetations during the mechanical oper
should be recorded.

ack in a controlled switching scheme;“should be tested to prove their accuracy
tability. Testing could be performed-on auxiliary contacts selected to represent
hning, the end and intermediate position of the contact array.

mechanical scatter is a random function of the circuit-breaker alone and canno
bensated by a controller.

NOTH 1 Inthe event when the controller is an integral part of the circuit-breaker and cannot be disabled these|
can ble undertaken with the controller in service.

Mea
influ
insu

surement of the 'mechanical scatter should be undertaken under stable conditions g
bncing variables’such as temperature, control voltage, pressure for operation, pressur
ation and/or-switching.

Where relévant, the control voltage should be regulated within £3 % of the specified v

mea

sured-at the control circuits terminals and the voltage drop should not exceed 15 % o

sured signal. Such signal filtering may eliminate the “€arliest point of arcing cogact

r to
tion

Lit-breaker arcing contacts, auxiliary contacts which are intended to be used for posjition

and
the

t be

tests

f all
e for

alue
f the

rated value.

NOTE 2 The impact of control voltage is not relevant for circuit-breakers which are controlled by dry contacts.

Where relevant, tests should be conducted at the filling pressure for insulation and/or switching.
For circuit-breakers with more than one filling pressure for insulation and/or switching, testing
at one value is sufficient to cover all cases.
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Test sequence:

a) the circuit-breaker should be operated sequentially 100 times with a test sequence C-7,-O-1,
(z5 is defined in Table D.1) at rated supply voltage of auxiliary circuits, rated control voltage
(if applicable) and the filling pressure for operation (if applicable);

b) where relevant, sequence a) should be repeated at the minimum control voltage;

c) where relevant, sequence a) should be repeated at the minimum functional pressure for
operation (NOTE 3).

NOTE 3 For hydraulic operating mechanisms the test can be carried out at the "pump start" pressure for operation.

B.3| Test results

Test|results should be reported in the parameter definition summary test report as’per A.2/2.1.
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Annex C
(informative)

Determination of the rate of decrease of dielectric strength (RDDS)

Applicability

This is an optional test and should be performed if the RDDS characteristic of the circuit-breaker
is unknown. This test procedure is applicable when the circuit-breaker is used for controlled

clos
and

NOTH 1 The suitability of a measured RDDS in conjunction with the mechanical scatter for a given applicat|

deter

some|guidance on how to select the appropriate circuit-breaker.

NOTHE 2 The suitability of this procedure has not been verified for vacuum circuit-breakers although succs
implementation of controlled switching for vacuum in medium voltage is well documented.

NOTH 3 A more suitable test method or calculation could be used depending on the circuit-breaker technolog

Cc.2

The

circyit-breakers intended for application in effectively earthed neutral systems and not less
1,5 fimes the phase-to-earth rated voltage for circuitrbreakers intended for application in
effegtively earthed neutral systems. For some applications, higher test voltages may be reqy

and

voltgge when the first two poles are closedznon-simultaneously for non-effectively ear
capdcitor bank applications (see Table 6).

The

The
IEC

NOTHE 1 It is recognised that\thé frequency at which the test is undertaken could affect the results and tha
procgdures based on the usé.of DC voltage do not correlate exactly with results of AC tests. Whilst care shol
taken| when using tests~at.one frequency for application at another frequency it is believed that the differg
betwgen 50 Hz and 60 Hz'results are sufficiently small to be of no practical consequence.

The

at thie rated. supply voltage of the auxiliary and control circuits, at filling pressure for oper
(if applicable) and the minimum functional pressure for insulation and/or switching (if applicg

transformers.

mined by the user with the help of the manufacturer. Annex K and CIGRE Technical Brochure 757 [1]

General

amplitude of the test voltage should be not less than(the phase-to-earth rated voltag

hgreed with the end user, for example a testwoltage of 1,73 times the phase-to-earth 1

test current should not exceed the\value of rated capacitive current, preferred value 1

test may be performed at 60 Hz or 60 Hz subject to the normal tolerances detailg
£52271-100.

ng applications Tylnir‘al applications are pnprgiqafinn of capacitor banks shunt reactors

on is
give

bssful

p for
than
non-
ired
ated
thed

din

t test
Id be
tnces

RDDS méasurement tests should be performed with the circuit-breaker in new condi

ion,
tion
ble).
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uit-

breaker between the test series is necessary. If this is not possible the interference should be

mini

mised.

NOTE 2 Additional RDDS tests after preconditioning as per IEC 62271-100:2021, 7.111.9.4.1 could be necessary
for special applications such as for controlled switching of transmission lines where faults have a higher probability
of occurrence.

TN

umbers in square brackets refer to the Bibliography.
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following characteristics should be determined during the RDDS tests:

e pre-arcing time = contact touch time — making time,

e making voltage,

o RDDS is the making voltage versus pre-arcing time.

The instant of contact touch in each test is derived from measurements of no-load closing
operations prior to the RDDS measurement tests and from the travel curve obtained during
each test.

NOTE
C3

C.3.

The
can

a) o

Q)

b) d
c) T
d) r

—h

C.3.

When no laboratory controller is available<xrandom closing operations could be carried o

dete
C.3.

NOTEH

C.4

Test]

Alternative methods can be used 10 determine the pre-arcing time.
Test procedure

( Preferred test procedure

RDDS measurement tests should consist of a series of operations "arouhd the clock", w
be performed according to the procedure described below:

erform 4 making operations preferably as close as possible tg voltage peak (other mg
ngles are also acceptable);

elay the close impulse by 15° and perform a further 4 making operations;

epeat step b) until the entire voltage cycle (360°) is teSted;
rom the starting conditions.

p Alternative test procedure

rmine RDDS. It can require more making operations to obtain the equivalent results as
1.

Other test procedures could be suitable to determine RDDS.
Test results

results should bé reported in the parameter definition summary test report as per A.2

hich

king

ppeat step a) to confirm that the characteristics<of the circuit-breaker remain unchanpged

ut to
per

12.2.
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Annex D
(informative)

Impact of control voltage

Applicability

This is an optional test and should be performed only if the impact of control voltage is
applicable and cannot be assessed from the results obtained from the mechanical operating

testq

NOTEH

D.2

The
shol

Itis
circy

D.3

The

described In 7. TUT.Z OT TECL ©Z2Z/7 T-TUU.ZUZT.

For example, the test is not applicable for circuit breakers controlled by dry contacts.
General

test should be carried out by varying the parameter being studied{all other paramg
Id be at rated and stable conditions.

recommended to carry out this test in conjunction with the mechanical operation test o
it-breaker as per IEC 62271-100:2021, 7.101.2.

Test procedure
control voltage should be as per Table D.1.

Table D.1 — Tests to assess’the impact of control voltage

pters

f the

. Number jof
Operating sequence Control voltage tests
Minimum 85 % 30
C-1,-0O-1, Rated 100 % 30
Maximum 110 % 30
C 93 % 30
Additional
02 70 % 30

Closing operation.
Dpening opefation.

[ime between two operations which is necessary to restore the initial conditions and/or to prevent ur
heating of parts of the circuit-breaker (this time can be different according to the type of operation).

\pplicable only for DC control circuits.

due

The control voltage should be set within £3 % of the specified value and should be measured
directly at the terminals of the control circuits.

D.4

Test results

Test results should be reported in the parameter definition summary test report as per A.2.2.3.
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EA

Annex E
(informative)

Impact of low temperature

Applicability

This is an optional test and should be performed only if the impact of low temperature cannot
be assessed from the results obtained from the low temperature tests described in 7.101.3.4 of

IEC

E.2

The
shol

For
may

E.3

The
to cl

(e}
~
Q)

Q. 0 0O = QO + &+ —~ D QO O <

NOTH
tests
exclu

221 T-TUU.ZUZT.

General

Id be at rated and stable conditions.

test should be carried out by varying the parameter being studied, all other parameters

Circuit-breakers having staggered poles to achieve the intended_non-simultaneity, the {ests

be performed on a circuit-breaker having a similar non-staggered design.

Test procedure

buses b) and c).

t an ambient air temperature of 20°C £ 50C (T4).

Vith the circuit-breaker in the closed position, the ambient air temperature shoul
ecreased with at least two intermediate steps, which are equally distributed within the i
nd final temperatures until the appropriate, minimum air temperature (7)) is reache

ach step the circuit-breaker stiould be kept in the closed position until the circuit-bre|
as thermally stabilised. It is‘considered that thermal stability is reached after three t

pening and 10 closing operations should be carried out and the operating times shoul
ecorded. The firfst)'operation at each temperature level should be excluded from
alculation of the characteristic operating time to eliminate idle time effects from

mbient airdemperature stabilises at (7} ).

1 Mentioned above is a combined test procedure of this document and IEC 62271-100:2021, 7.101.
per |EC 62271-100:2021, 7.101.3.4 are already done, the above steps b) and c) can be carried out sepa
Hing.the last sentence in c).

test procedure as per IEC 62271-100:2021, 7.101.34 is applied with the following addifions

he opening and closing times should be re¢orded for 10 opening and 10 closing operafions

i be
hitial
i, At
laker
mes

he thermal time constant of the circuit-breaker. For measurements at the minimum
emperature the heater (if any) should remain energised. At each temperature levgl 10

d be
the
the

alculation. <The circuit-breaker should be kept in the closed position for 24 h afteq the

A 0f
rately

NOTE 2 The use of only 10 operations to establish the operating characteristics has limited statistical validity
however it is sufficiently accurate to determine the relationship between operating time and ambient temperature. In

case

E.4

of doubt larger numbers of operations can be undertaken to improve the statistical validity.

Test results

Test results should be reported in the parameter definition summary test report as per A.2.2.4.


https://iecnorm.com/api/?name=6a58d6ba583372d3fca06f1fc529905b

F.1

—-40 - IEC TS 62271-319:2024 © |IEC 2024

Annex F
(informative)

Impact of high temperature

Applicability

This is an optional test and should be performed only if the impact of high temperature cannot
be assessed from the results obtained from the high temperature tests described in 7.101.3.5

of |

F.2

The
shol

For
may

NOTH
tests
exclu

CoZZ7T-TOU ZUZT.

General

test should be carried out by varying the parameter being studied, all other paramg
Id be at rated and stable conditions.

Circuit-breakers having staggered poles to achieve the intended_non-simultaneity, the {
be performed on a circuit-breaker having a similar non-staggered design.

Test procedure

test procedure as per IEC 62271-100:2021, 7.101.35 is applied with the following addit
auses m) and n).

he opening and closing times should be re¢orded for 10 opening and 10 closing operat
t an ambient air temperature of 20°C £ 5¢0C (Tp).

Vith the circuit-breaker in the closed position, the ambient air temperature shoul
ncreased with at least one intermediate step, which is half way between the initial and
emperatures until the appropriate;smaximum air temperature (7}) is reached. At each

he circuit-breaker should be“kept in the closed position until the circuit-breaker
hermally stabilised. It is considered that thermal stability is reached after three times
hermal time constant of-the circuit-breaker. At each temperature level 10 opening an
losing operations should’be carried out and the operating times should be recorded.
rst operation at each temperature level should be excluded from the calculation o
haracteristic operating time to eliminate idle time effects from the calculation. The cir
reaker should'bée kept in the closed position for 24 h after the ambient air temperg
tabilises at«{Zy).

1 Mentioned above is a combined test procedure of this document and IEC 62271-100:2021, 7.101.
per IEC.62271-100:2021, 7.101.3.5 are already done, the above steps m) and n) can be carried out sepa
Hing the last sentence in n).

bters

ests

ions

ions

1 be
final
step

has
the
d 10
The
the
cuit-
ture

5If
rately

NOTE2—F £ 1 a0 4 4 botoliole Ll 4 Io PR I [HET D R S T }
=z e oSt OT Oy 11U OpeTatonS—to— CSTaDitSiT—_ e operatmyg—cmaractertSucS—masS— immtea—sStatstcar v

lidity

however it is sufficiently accurate to determine the relationship between operating time and ambient temperature. In

case

F.4

of doubt larger numbers of operations can be undertaken to improve the statistical validity.

Test results

Test results should be reported in the parameter definition summary test report as per A.2.2.5.
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G.1

Annex G
(informative)

Impact of pressure for operation

Applicability

This is an optional test applicable for mechanisms which can operate over a range of pressures
for operatlon for example pressurlsed fluid- based mechamsms and should be performed only

if the
mec

G.2

The
shol

The

e.g.
circy

G.3

30@

a) n

(o}
~
Q)

G4

Test]

1an|cal operating tests descrlbed in 7 101.2 of IEC 62271-100: 2021

General

Id be at rated and stable conditions.

it-breaker.

Test procedure

-t,-O-t4 sequences should be performed at the. following pressures for operation:

hinimum functional pressure,
t least three intermediate pressures,
lling pressure.

Test results

results should be reported in the parameter definition summary test report as per A.2

N the

test should be carried out by varying the parameter being studied, all other parameters

test sample should represent the smallest indivisible operationalunit of the circuit-brejaker
a single pole of an independent pole operated circuit-breaker or a three-pole operated

.2.6.
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Annex H
(informative)

Impact of pressure for insulation and/or switching

Applicability

This is an optional test and should be performed only if the impact of pressure for insulation
and/or switching cannot be derived from other type tests performed according to IEC 62271-110

or |
swit

H.2

The
shol

The

e.g.
circy

The

FC 6227 1-1T00 where tests are performed at diiferent pressures for insutation a
hing.

General

Id be at rated and stable conditions.

test sample should represent the smallest indivisible operationalunit of the circuit-bre|

it-breaker.

gas should be thermally stabilized after each filling«

Test procedure

hing:

hinimum functional pressure,
t least one intermediate pressure,

lling pressure.
Test results

results should‘be reported in the parameter definition summary test report as per A.2

d/or

test should be carried out by varying the parameter being studied, all other parameters

laker

a single pole of an independent pole operated circuit-breaker or a three-pole operated

-t,-O-1, sequences should be performed-at the following pressures for insulation and/or

12.7.
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Annex |
(informative)

Impact of idle time

1.1 Applicability

This is an optional test and should be performed only if the impact of idle time cannot be
assessed from the results obtained from the mechanical operating tests described in 7.101.2 of
IEC B2271-T00720210or If no Specific procedure exists to mitigate idfe time effect during [field
operation.

1.2 General

The [test should be carried out by varying the parameter being studied, all other parameters
shoyld be at rated and stable conditions.

Auxiliary conditioning equipment such as heaters should be energised as per normal service.

The test sample should represent the smallest, indivisible, opérational unit of the circuit-brejaker,
for ¢xample a single pole of an independent pole operated circuit-breaker or a three-pole
opernated circuit-breaker. The use of alternative arrangements of the circuit-breakgr is
accqptable provided that the relevant conditions of 7.101.3.1 of
IEC 2271-100:2021/AMD1:2024 are met.

The [following idle times should be tested: 168 h (1 week); 64 h; 32 h; 16 h; 8 h; 4 h; 2 h;|1 h;
and |0,5 h. An idle time of 168 h is the longest time for which a "regularly operated" circuit-
ker might be left idle during normal service. To limit the number of tests to a minimum| it is
recommended to start the test with the longest idle time of 168 h. If idle time has no effect, then

Some types of mechanisms and-circuit-breakers are not affected by the idle time depending on mechanism
desigh and choice of lubricants. Mostof the ones that are affected will often reach a point of saturation level where
operdting times remain constant for Jonger idle times.

NOTE 2 Circuit-breakers which have not reached a saturated value at an idle time of 168 h can require an extgnded
test procedure agreed betiveen manufacturer and user or a specific procedure to mitigate idle time effect during field
operdtion.

At Idast two different poles should be used in the case of an independent pole operated circuit-
breaker or a(three-pole operated circuit-breaker.

NOTH 3/ It.is recognised that it is difficult to distinguish between small idle time effects and normal mechanical
scatt¢ranHowever, the proposed test procedure is regarded as being sufficient to identify major idle time effects ywhich
can b f f ftching:
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1.3 Test procedure

The following procedure should be executed for both closing and opening operations.

a) The circuit-breaker should be operated with time intervals of one minute until the operating
times of the last three operations are stable or stop decreasing. The averages of the last
three operations are considered as the operating time references denoted as ¢ in ms.

NOTE 1 The interval of one minute can be extended based on the time required to recharge the operating
mechanism to the nominal energy level.

mechanical-seatterof-the-eireditbrgaker.

N O T B—2—Stabiityv-is-obtaired-wher-operatina-tire—varation
= Y56t ee-wnrReh-opetratig -aHatto+t

b)

efore each open or close idle time test, the circuit-breaker should be exercised as)pdr a).
he breaker is then operated after each idle time listed above. The idle time is-defined as
er Figure 1.1.

he operating time for each operation compared to #,.; should represent the impact of| idle

me. For a three-pole operated circuit-breaker, the impact of idle time gan’be evaluatef for
ach pole of the circuit-breaker.

D~ Jd T 1

NOTH 3 Time interval 't can be one minute or less or until the operating mechanism*has finished charging.

@: Open operation

Idle time for a closing opefration

¢: Close operation > T - >
C| ¢]|0O Cc )
- B Idle time for a epening operation S
> >
o r]|C ) Cc
IEE
Figure 1.1 — lllustration of idle time for a close and open operation

c) Ror single pole operated circuit-breakers, steps a) and b) are to be repeated on a se¢ond
fole.

NOTH 4 Step b) can be repeated up.to 6 times if the idle time characteristic shows a large scatter.

NOTH 5 It could be useful to measure the contact speed and the timing of auxiliary contacts to distinguish between
latching effects at the start of travel and changes to the contact travel characteristic.

NOTH 6 If the influencCing” parameters have changed during the test, they could be compensated for before
deterfnining the impact of‘idle time.

Steps at shortertidle times could be omitted if it is shown that there is no impact at longer idle
timep. To limit the number of tests to a minimum, it is recommended to start the test with the
longest idle time of 168 h.

1.4 Test results

Test results should be reported in the parameter definition summary test report as per A.2.2.8.
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J.1

Annex J
(informative)

Impact of electrical wear on the accuracy of auxiliary contacts

Applicability

This is an optional test and should be performed only for special applications such as for
controlled switching of transmission lines, where faults have a higher probability of occurrence,

or if
othe

J.2

The
shol

J.3

The
after

J.4

Test]

the Tmpact of electrical wear on the accuracy of auxiitary contacts cannot be derived
I type tests performed according to IEC 62271-100 or IEC 62271-101.

General

test should be carried out by varying the parameter being studied, all other paramg
Id be at rated and stable conditions.

Test procedure

time difference between the main and auxiliary contacts.should be measured before
preconditioning as per IEC 62271-100:2021, 7.111.9& 1.

Test results

results should be reported in the parameter definition summary test report as per A.2

rom

bters

and

12.9.
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Annex K
(informative)

Effects of RDDS and mechanical scatter on voltage targeting

Introduction to controlled making

The objective of controlled closing of a circuit-breaker is to control the making instant with a
targeted switching angle based on a reference synchronizing signal. Depending on the

applfcation, it consists of making at specific point on the sinusoidal voltage during a ci
operation.

The|closing and making sequence are described in Figure K.1 in 4 steps for @\gas cirn
breaker.

Step
cont

Step
betw

currgnt starts to flow through the arc between the arcing contacts prior to the contacts tg

This

Steq
the ¢
and

Step
the ¢

1: open position. In open position the distance between the circuit-breaker ai
acts in open position is sufficient to withstand the voltage applied, atits terminals.

2: making instant. During closing a dielectric breakdown\occurs when the dist
een the circuit-breaker contacts becomes insufficient to (withstand the voltage and

is known as the making instant.

3: arcing contact touch. When the arcing contacts touch the arc is no longer present
urrent continues to flow through the arcing contacts. The time between the making ing
contact touch is defined as the pre-arcing time.

4: main contact touch. At the end of\the closing operation the main contacts touch
urrent is commutated from the arcingto main contacts.

sing

cuit-

cing

hnce
the
uch.

and
stant

and

Figure K.1 — Closing and making sequence for a gas circuit-breaker

IEC
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A circuit-breaker dedicated to perform controlled closing operations should have a sufficiently
high RDDS to avoid premature pre-arcing phenomena. Theoretically, when targeting voltage
zero, the corresponding RDDS should be higher than the voltage derivative at its zero crossing.
High RDDS alone does not guarantee successful controlled switching. Closing time mechanical
scatter is another important parameter for controlled switching. It should be small enough to
allow a narrow making window. For example, a circuit-breaker with RDDS lower than 1 p.u. may
still be suitable for some applications if the closing time mechanical scatter is small enough.

K.2 Abbreviations used in this annex

The [following quantities are used along this annex:

e U, : rated voltage [kV];

. /pe: phase-to-earth peak voltage [kV or p.u.];

e [, rated frequency [Hz];

e @ =2rx f.:angular frequency corresponding to the power frequency [rad/s];
o U, : peak voltage applied across the circuit-breaker terminals {k¥) or p.u.];
. errearc: pre-arcing time [ms];

e 3o : circuit-breaker closing time mechanical scatter ( +3¢) [ms];

e RDDS : rate of decrease of dielectric strength [kV/ms or p.u.];

. : switching angle [°].

1 p.4. for Upe is defined by the following formula.

2
fou

Table'K.1 — Examples of Upe equal to 1 p.u.

U, Upe
kV kV
132 107,8
230 187,8
400 326,6
566 40872

1 p.u. for RDDS is defined by the following formula.

a)x\/%er

It corresponds to the derivative at zero crossing of the voltage having a peak of Upe.


https://iecnorm.com/api/?name=6a58d6ba583372d3fca06f1fc529905b

Table K.2 — Examples of RDDS equal to 1 p.u.

— 48 —

IEC TS 62271-319:2024 © |IEC 2024

U, RDDS at 50 Hz RDDS at 60 Hz
kV kV/ms kV/ms
132 33,9 40,6
230 59,0 70,8
400 102,6 123,1
500 128,3 153,9

Voltage targeting, RDDS and closing time mechanical scatter should be considered together
for sjuccessful controlled closing operation.

K.3

Controlled closing at voltage zero

Mak|ng at voltage zero is the most difficult to achieve because the.derivative of the applied
voltgge across the circuit-breaker arcing contacts is maximum at‘that point. Hence, making at

voltgge zero is taken as reference for all other switching applications.

The |controller is essential for synchronous switching. It should be able to integrate relgvant
circyit breaker characteristics such as the RDDS slope{the closing time standard deviation as

welllas other parameters such as the making window.:

There are two methods: "balanced" and "tangent*.to define a time shift (

Zero|

Tonift ) related to voltage

The ['balanced" method is used when RDDS is greater or equal to one p.u. The aim is to balance
the making voltage on both slopes as-illustrated in Figure K.2. Ty, can be calculated using the

following formula.

Absolute voltage across

circuit-breaker
making points due
to scatter (equal)
Making target

Tohift =

CB RDDS # scatter

\

Uch X Sin(a) X 30)

Extreme possible

Nominal making point

Figure K.2

T

Shlﬁ Mechamcal touch point

IEC

— "Balanced™” method for voltage zero making
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The "tangent" method is used when RDDS is smaller than one p.u. The aim is to reduce the
probability of interception the RDDS slope and the falling voltage loop as illustrated in

Figu

Absolute voltage across

re K.3. Tyniir can be calculated using the following formula.

2
U, RDD 1 _ RDD
Tonitt = b« [1- ) —_—xcos™! ——S +30
RDDS wxUgp w 0 xUgp
U CB RDDS = scatter
cb T NN /—\

Fangentpomt

circuit-breaker
Extreme possible
making points due
to scatter

Making target Nomifial making point

NS

Tohitt Méchanical touch point

Figure K.3 — "Tangent"” method for voltage zero making

Y

IEC

Table K.3 and Table K.4 summarizes thexexpected performance in term of making volkage
condidering the circuit-breaker RDDS, _¢losing time mechanical scatter and 1 p.u. voltage
applled across circuit-breaker arcing:contacts using both "balanced" and "tangent" methods
desdribed above. The "balance" method results are presented in the tables for RDDS 1 p.ujand
aboye and the "tangent" method résults are presented in the tables for RDDS less than 1 p.u.
Table K.3 —(Maximum making voltage as a function of RDDS
and mechanical scatter at 50 Hz
RDDS
S ;ztct’er 0,5 prus 0,6 p.u. 0,7 p.u. 0,8 p.u. 0,9 p.u. 1,0 p.u. 1,1 p.u. 1,2 g.u.
Maximum making voltage limit

ms p.u. p.u. p.u. p.u. p.u. p.u. p.u. p-y.

0,5 0,33 0,27 0,22 0,19 0,16 0,16 0,16 0,1p

06 8:35 829 825 824 049 849 849 049

0,7 0,37 0,32 0,27 0,24 0,22 0,22 0,22 0,22

0,8 0,39 0,34 0,30 0,27 0,25 0,25 0,25 0,25

0,9 0,41 0,36 0,32 0,30 0,28 0,28 0,28 0,28

1,0 0,43 0,38 0,35 0,32 0,31 0,31 0,31 0,31

1,1 0,45 0,41 0,37 0,35 0,34 0,34 0,34 0,34

1,2 0,47 0,43 0,40 0,38 0,37 0,37 0,37 0,37

1,3 0,49 0,45 0,42 0,41 0,40 0,40 0,40 0,40

1,4 0,51 0,47 0,45 0,43 0,43 0,43 0,43 0,43

1,5 0,53 0,50 0,47 0,46 0,45 0,45 0,45 0,45
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Table K.4 — Maximum making voltage as a function of RDDS

and mechanical scatter at 60 Hz

RDDS
Sci%tctrer 0,5 p.u. 0,6 p.u. 0,7 p.u. 0,8 p.u. 0,9 p.u. 1,0 p.u. 1,1 p.u. 1,2 p.u.
Maximum making voltage limit
ms p.u. p.u. p.u. p.u. p.u. p.u. p.u. p.u.
0,5 0,35 0,29 0,25 0,21 0,19 0,19 0,19 0,19
0,6 0,38 0,32 0,28 0,25 0,23 0,22 0,22 0,22
0,7 0,40 0,35 0,31 0,28 0,26 0,26 0,26 0,2p
0,8 0,42 0,38 0,34 0,31 0,30 0,30 0,30 0,3p
0,9 0,45 0,40 0,37 0,35 0,33 0,33 0,33 0,3B
1,0 0,47 0,43 0,40 0,38 0,37 0,37 0,37 0,37
1,1 0,50 0,46 0,43 0,41 0,40 0,40 0,40 0,4p
1,2 0,52 0,48 0,46 0,44 0,44 0,44 0,44 0,4¢
1,3 0,55 0,51 0,49 0,47 0,47 0,47 0,47 0,4f7
1,4 0,57 0,54 0,52 0,51 0,50 0,50 0,50 0,5p
1,5 0,59 0,56 0,55 0,54 0,54 0,54 0,54 0,5¢
K.4| Controlled closing at voltage peak

Thefe are two methods: "balanced" and "maximuin angle" to define a time shift ( 7y, ) related

to vd

The
to b

calc

Iltage peak.

Tshift =

cb
RDDS

x COS(a) x 30)

'balanced" method is generally usedwhen RDDS is greater or equal to 0,7 p.u. The alm is
alance the making voltage on-both slopes as illustrated in Figure K.4. T cam be

ilated using the following formula.
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CB RDDS # scatter

Making target)
Nominal making point

Extreme possible
making points due
to scatter (equal)

7

Absolute voltage across
circuit-breaker

\V4

y

T

shift Mechanical contact touch

IEC
Figure K.4 — Controlled switching at peak voltage; balanced approach

The ['maximum angle" method is generally used when RDDS is smaller than 0,7 p.u. The| aim
is tg intercept the RDDS slope and the rising voltageNoop as close as possible to the peak
(maximum angle 90°) as illustrated in Figure K.5. Zy, can be calculated using the following

formjula.

Ucb

- 30
RDDS

Tspitt =

CB RDDS)+ scatter

Nominal making point Making target

Extreme possible
making points due
to’ scatter

Absolute voltage across
circurt-breaker

\

f

Tift

Mechanical contact touch
IEC

Figure K.5 — Controlled switching at peak voltage, maximum angle method

The minimum achievable angle, based on the circuit-breaker RDDS value and closing time
scatter, can be determined from Table K.5 for 50 Hz and Table K.6 for 60 Hz.
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Table K.5 — Minimum making angle as a function of RDDS and mechanical scatter
when targeting voltage peak at 50 Hz

RDDS
Scatter 0,5 p.u. 0,6 p.u. 0,7 p.u. 0,8 p.u. 0,9 p.u. 1 p.u. 2 p.u.
*30 a b a b a b a b a b a b a b
Minimum making angle
0,0 - 90,0 - 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0, 90,0
0,5 - 75,6 - 75,2 | 81,0 | 74,9 | 81,0 | 74,6 | 81,0 | 74,4 | 81,0 | 74,2 | 81,07| 13,2
1,0 - 64,9 - 63,8 | 72,0 | 63,0 | 72,0 | 62,2 | 72,0 | 61,6 | 72,0 | 61,10} 72,0 | $8,3
1,5 - 55,8 - 54,1 | 63,0 | 52,7 | 63,0 | 51,5 | 63,0 | 50,5 | 63,0 | 49,6 | 63,0 | 44,6

2  palanced method

maximum angle method

when targeting voltage peak at'60 Hz

Table K.6 — Minimum making angle as a function of RDDS and mechanical scattef

RDDS
Séatter 0,5 p.u. 0,6 p.u. 0,7 p.u. 0,8\p.u. 0,9 p.u. 1p.u. 2 p.y.
f30 a b a b a b a b a b a b a b
Minimum making angle
0,0 - 90,0 - 90,0 4~90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | 90,0 | $0,0
0,5 - 73,3 - 727|792 | 723 | 79,2 | 71,9 | 79,2 | 71,6 | 79,2 | 43,2 | 79,2 | B6,7
1,0 - 61,1 - 59,8 | 68,4 | 58,7 | 68,4 | 57,8 | 68,4 | 57,0 | 68,4 | 56,4 | 68,4 | $2,7
1,5 - 50,9 - 48,8 | 57,6 | 47,1 | 57,6 | 456 | 57,6 | 44,4 | 57,6 | 43,2 | 57,6 | 36,7

@ bpalanced method

naximum angle.method

K.5

Making at variable angles

Making at different angles could be required for certain applications such as transformer making.
The upper and lower making voltage limits depend on the system configuration. Ty, can be

calculated using the following formula.

Tohift =

Ype
RDDS

. T
XSIN| o0 X ——
( 180)

An example of making at angle a is shown in Figure K.6.
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CB RDDS

Upper making point limit
due to CB scatter

Nominal making point

Lower making
point limit due to

CB scatter | /

Absolute voltage across
circuit-breaker

* f
Tift

Mechanical contact touch o

Figure K.6 — Making at variable angles

Figure K.7 shows the minimum RDDS as a function of minimium making angle.
Minimum RDDS requirement forgmaking at any angle

30=3ms
0,9 / -

0,8
0,7
0,6

0,5

RDDS (p.u.)

0,4
0,3

0,2

0,1\

0 10 20 30 40 50 60 70 80 90
Making angle

Figure K.7 — Minimum limits RDDS and making angle

RDDS limits are calculated using the tangent method (see Figure K.3).

K.6 Making on a DC trapped charge

When making on a DC trapped charge, the aim is to target a making instant when the voltage
across the circuit-breaker arcing contacts is near zero. It occurs when the system voltage and
DC trapped charge are equal.
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For example, when the DC trapped charge equals 1 p.u., the making instant can be at the peak
system voltage of the same polarity as the trapped charge as illustrated in Figure K.8. T,z can

be calculated using the following formula.

TShift = RZ;(ES X |:1 — COS(CD X 30'):|

CB RDDS # scatter

Voltage across
circyit-breaker

Making target

Extreme possible
making poin{s'due
to scatter (equal)

Tift

Mechanical contact touch
IEC

Figure K.8 — Making on a DC trapped charge of 1 p.u.

Expg¢cted making.voltages are summarized in following tables:

Tlable K.7-= Making voltage when closing on a DC trapped charge of 1 p.u. at 50 Hz
RDDS
S'c;t;Er 1 p.u. | 0,9 p.u. | 0,8 p.u. | 0,7 p.u. | 0,6 p.u. | 0,5 p.u.
Making voltage

ms p.u. p.u. p.u. p.u. p.u. p.u.
0,0 0,00 0,00 0,03 0,00 0,07 0,22
0,5 0,01 0,01 0,03 0,05 0,15 0,31
1,0 0,05 0,05 0,06 0,13 0,25 0,40
1,5 0,11 0,11 0,15 0,23 0,35 0,50
2.0 0,19 0,19 0,25 0,34 0,46 0,60
2,5 0,29 0,31 0,37 0,46 0,57 0,71
3,0 0,41 0,44 0,50 0,58 0,68 0,81
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Table K.8 — Making voltage when closing on a DC trapped charge at 60 Hz

RDDS
Sc;:lst;er 1p.u. 0,9 p.u. 0,8 p.u. 0,7 p.u. 0,6 p.u. 0,5 p.u.
Making voltage
ms p.u. p.u. p.u. p.u. p.u. p.u
0,0 0,00 0,00 0,00 0,00 0,07 0,22
0,5 0,02 0,02 0,03 0,07 0,17 0,33
1,0 0,07 0,07 0,09 0,17 0,29 0,44
1,5 0,16 0,16 0,21 0,30 0,41 0,56
2,0 0,27 0,28 0,35 0,43 0,55 0,69
2,5 0,41 0,44 0,50 0,58 0,68 0,81
3,0 0,57 0,60 0,66 0,73 0,82 0,94

NOTHE For other DC trapped charges the formula for calculating Tgpnit and makingcvoltage tables can be

in [1]

K.7| Making on an oscillatory trapped charge

found

An gscillatory trapped charge can occur, for example, after’shunt reactor interruption on séries
compensated lines. When reclosing on the oscillatory\trapped charge, the aim is to tardet a

mak|ng instant when the voltage across the circuitsbreaker arcing contacts is near zero.

oscillation depends on variety of parameters such as:

— lIine length,

— dompensation level,

—  X/R ratio,

— (dead time for reclosing,

— parallel line voltage coupling,

The

As an example, Figure K.9 shows the case of 2 possible reclosing targets with a 1 p.u. RDDS
circyit-breaker. In this gxample, the early target is more favourable due to a lower oscillation

amplitude.

1,8 ~N\
16
14

Voltage across CB ——— RDDS (target 1)

RDDS (target 2)

1,2

0,8
0,6
0,4

0,2

Voltage across the circuit-braker (p.u.)

0

——

1440

2880

4320

5760 7 200 8 640
Making angle (°)

10080 11520

Figure K.9 — Reclosing on an oscillatory trapped charge

14 000

IEC
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K.8 Synthesis

To achieve optimized controlled making, the following closing shift should be added to the
making target.

Table K.9 — Controlled closing target

Making target RDDS Tenist
Method Ref.
U ° ms p.u. ms
U - baranced K.3
>1 besm(wx?)a)
RDDS
P K.3
U, RDD
Tynift = _Zcb - ) tangent
Zdro 0 0 RDDS @ xUqpy
- 1 x cos™ ! RDDS +3
- e — [
0] 0 xUq
U balanced
20,7 cb xcos(wx3a) K.4
1 RDDS
Pgak 90
4x f U maximum angle | [K.4
<0,7 b 34
RPDBS
a a U ) Making at K.5
Riging o >RDDSmin _teb o sin| a x—— variable angles
sidpe 360 f. RDDS 180
1 U Making on a DC | [K.6
Zdro 90 ;bx[1—cos(wx3a)] trapped charge
4x f, RDDS of 1 p.u.
Making on an K.7
Zdro variable dépends on system configuration oscillatory
trapped charge
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L.1

Annex L
(informative)

Capacitive switching voltage factor for single-phase testing
in a non-effectively earthed neutral system

General

Annex L explains the rationale behind the capacitive voltage factor specified for single-phase
testing in non-effectively earthed neutral systems with and without intended delay in the
poleftto-clear.

L.2

The

Simultaneous opening simulation results

sepgration. The following sequence is considered (Figure L.1):

a)

b)

cross the open contacts appears (blue); voltage of 1 p.u. is trapped on the load
apacitance;

g
hetween 180° and 270°: the neutral voltage (red) increases to —0,5 p.u.; the voltage ag
the arcing contacts of the first pole-to-clear (dark blue)-increases to 1,5 p.u.;

gt 270°: at this point interruption occurs simultanéously in the second and third poles

yellow and light green); the neutral voltage remains at -0,5 p.u.; the voltage across
gdrcing contacts of the first pole-to-clear makesa knee point at 1,5 p.u.; the trapped ch
\oltages on the last poles-to-clear are -0,87 'p.u. and +0,87 p.u. respectively;

Q)

fter 270°: following the source side*voltage of 1,0 p.u the voltage across the aj
dontacts increases to 2,5 p.u. for the-first pole-to-clear (dark blue) and 1,87 p.u. for the
poles-to-clear (dark yellow and dark‘green).

In single-phase tests to cover three=phase conditions only the voltage of the first pole-to-
is cqnsidered for testing. To achjéve the peak of this voltage of 2,5 p.u. a voltage factor o
is dgfined as explained in IEC TR 62271-306:2012, 9.6.

last-

three-phase current interruption occurs on subsequent current-zeros after conmtact

dt 180°: the current in the first phase is interrupted at current Zero (light blue), the voltage

side
ross

light
the
arge

cing
last

tlear
f1,4

3
2,5
Knee point

2y

)
155
1
0,5

270 P

0 — — — '
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Time (electrical degree)
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Figure L.1 — Three-phase interruption at subsequent current zeros
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Non-simultaneous opening simulation results

For controlled opening, when the pole discrepancy between the first pole and the last poles is
greater than 1/4 of a cycle, current interruption in the last poles can occur later than the
subsequent current zeros. Figure L.2 illustrates the case of a delayed current interruption of the
last two poles 270° after current interruption of the first pole.

a) at 180°: the current in the first phase is interrupted at current zero (light blue), the voltage

b)
c)

d)

In single-phase tests to cover three-phase conditions only-the voltage of the first pole-to-

is cqnsidered for testing. To achieve the peak of this veltage of 3,0 p.u. a voltage factor o
is dgfined.

3

25

2

1,5

across the open contacts appears (blue); voltage of 1 p.u. is trapped on the load
capacitance;

hetween—180=and > —theneutralvoltage{red-nereaseste 0—p—t= voltage—ae

he arcing contacts of the first pole-to-clear (dark blue) increases to 3,0 p.u;

t
hetween 360° and 450°: the neutral voltage (red) decreases to -0,5 p.u.; the voltage ac
the arcing contacts of the first pole-to-clear (dark blue) decreases to 1,5 p.u;

gt 450°: at this point interruption occurs simultaneously in the second andhird poles
yellow and light green); the neutral voltage remains at -0,5 p.u.; the, Vqltage across
gdrcing contacts of the first pole-to-clear makes a knee point at 1,5 p.wy; the trapped ch
\oltages on the last poles-to-clear are -0,87 p.u. and +0,87 p.u. respeCtively;

dfter 450°: following the source side voltage of 1,0 p.u the (vpltage across the ali

last poles-to-clear (dark yellow and dark green).

1

0,5 /

0 ———— ~—
§ 50 60 120 ,‘I8h’4 300 360 420 480 540 600 660 720 780 840 900
-1 o\ e

-1,5
i

Voltage (p.u.)

-2
32,5
-3

Time (electrical degree) £c

dontacts increases to 2,5 p.u. for the first pole-to-clear (dark ‘blue) and to 1,87 p.u. fof

side

ross

light
the
arge

cing
the

lear
f1,5

Figure L.2 — Three-phase interruption with last poles delayed
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Annex M
(informative)

Requirements for simultaneity of poles that consists
of more than one MBU connected in series

General

As per IEC 62271-100, if one pole consists of more than one MBU connected in series, the

max|mum difference between the instants of contacts touching within these series conne
MBUs shall not exceed 1/6 of a cycle of rated frequency. Also, the maximum difference betw

the

a cygle of rated frequency.

To ensure intended performance with controlled switching, it is essential that . series conne
MBUs of the same pole act mechanically simultaneously and with equal\dynamic diel¢g

cha
but

instants of contact separation within these series connected MBUs shall not exceed 1

racteristics. The mechanical non-simultaneity should be considered)by setting the tarn
ghould generally be as small as possible for best results.

cted
een
8 of

cted
ctric
gets

The [closing time of a pole is the time from a close command to(contacts touch of the last MBU

toc

The [opening time of a pole is the time from a trip command to contacts separation of the
MBU to open.

Manpufacturers generally provide a method to access series connected MBUs in an enclo
(e.g] GIS, dead tank CB, etc.) to record the operating characteristics of individual MBUs.

Ipse.

first

sure

M.2| Simulations to evaluate theiimpact of non-simultaneity of MBUs of a same

The|impact of the simultaneity,of MBUs of a same pole is estimated based on statis

sim
[ ]

pole

ylations considering:

4 MBUs per pole (MBU "A" and MBU "B") controlled independently;
IBU "A" closes(first at the targeted switching angle;

IBU "B" closes after MBU "A";

losing time scatter of individual MBUs of £0,5 ms, +1 ms and 1,5 ms;
tptal RDDS of 1 p.u. and 2 p.u.;

N
N

(@)

tical

rlon=§imultaneity is defined as the difference between MBU "B" closing time mean value

and

MBU "A" closing time mean value; it is increased by steps of 1 ms in the range [0 to 5]

ms.

The simulation results are compared with a single-break circuit-breaker as a reference having
RDDS 1 p.u. and closing time scatter +1 ms. The cases and simulations are presented in
Table M.1 and Table M.2, Figure M.1, Figure M.2, Figure M.3, Figure M.4 and Figure M.5.
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Table M.1 — Case studies based on statistical simulations

Non-simultaneity Total Scatter Voltage Angle fr
Case Number of range RDDS *30 target target
MBUs

ms p.u. ms ° Hz

1 1 NA 1 1,0 Zero 0 50
2 1 NA 1 1,0 Zero 0 60
3 1 NA 1 1,0 Peak 90 50
4 1 NA 1 1.0 Peak 90 60
5 2 [0, 5] 1 1,0 Zero 0 50
6 2 [0, 5] 1 1,0 Zero 0 60
7 2 [0, 5] 1 1,0 Peak 90 50
8 2 [0, 5] 1 1,0 Peak 90 60
9 2 [0, 5] 2 1,0 Zero 0 50
10 2 [0, 5] 2 1,0 Zero 0 60
11 2 [0, 5] 2 1,0 Peak 90 50
12 2 [0, 5] 2 1,0 Peak 90 60
13 2 [0, 5] 1 0,5 Zero 0 50
14 2 [0, 5] 1 0,5 Zero 0 60
15 2 [0, 5] 1 0y5 Peak 90 50
16 2 [0, 5] 1 0,5 Peak 90 60
17 2 [0, 5] 1 1,5 Zero 0 50
18 2 [0, 5] 1 1,5 Zero 0 60
19 2 [0, 5] 1 1,5 Peak 90 50
Al 2 [0, 5] 1 1,5 Peak 90 60

Making and breaking(unit "A" closing
Non-simultaneity
@ 4 A\
"/
Making and breaking unit "B" closing
__Closing target

Figure M.1 - Closing time distribution and non-simultaneity between MBUs of one pole

\

Non-simultaneity spread [0 ; 5] ms

A

[
|

Time (1 ms/div.)

IEC
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Figure M.2 — Simulation results when closing at.voltage zero at 50 Hz
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Figure M.3 — Simulation results when closing at voltage zero at 60 Hz
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Figure M.4 — Simulation results when closing ativoltage peak at 50 Hz
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Figure M.5 — Simulation results when closing at voltage peak at 60 Hz
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