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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

FOREWORD

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

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

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

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

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

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

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

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

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 62271-319 has been prepared by subcommittee 17A: Switching devices, of IEC
technical committee 17: High-voltage switchgear and controlgear. It is a Technical Specification.

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

Draft Report on voting

17A/1404/DTS 17A/1411/RVDTS

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. Documents
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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
which 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 unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document 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 understanding
of its 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
between the effects of the various parameters (for example ambient temperature, control
voltage, etc.) which are considered to affect the mechanical performance of the circuit-breaker.
This has not been proven for all combinations, however service experience with controlled
switching suggests this assumption is valid in practice for commonly used drive technologies.

Documents
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

1 Scope

This part of IEC 62271, which is a Technical Specification, is applicable to alternating current
circuit-breakers with intentional non-simultaneous pole operation designed for indoor or outdoor
installations and for operation at frequencies of 50 Hz and 60 Hz on systems having voltages
above 1 000 V. This document provides additional ratings and type tests to be conducted for
this type of circuit-breaker and is intended to be used in conjunction with IEC 62271-100:2021.
Intentional non-simultaneous pole operation can be implemented by mechanical or electrical
means and both methods are within the scope of this document.

Satisfactory service performance of controlled switching systems is influenced by the inherent
performance capabilities of the switching device and by the choice of a suitable controller (relay)
and requires proper integration of these devices. Consequently, practical applications of
controlled switching require a coordinated approach to system integration.

This document addresses the performance capabilities of the switching device and establishes
suitability for controlled switching when applied with an appropriate controller. Type tests are
defined, and guidance is provided to establish the switching device capabilities and parameters
required to facilitate proper system integration, but this document does not address the
performance requirements of the controller. In summary, compliance and testing in accordance
with the requirements and guidance presented herein verify the ability of the switching device
to meet defined switching accuracy requirements only when applied with a suitably specified
controller.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses
IEC 60050-441:1984/AMD1:2000

EC 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 62271-110Q, 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, JEC 62271-1 and other IEC standards related to alternating current circuit-
breakers

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

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

e |SO Online browsing platform: available at https://www.iso.org/obp
3.1  General terms and definitions

3.1.101

idle time

time interval between consecutive operations (either between a close and open or open and
close operation)

3.1.102

compensation

predictive correction for changes in operating time taking account of ambient, drive and supply
conditions

3.2 Assemblies of switchgear and controlgear

3.2.101

controlled switching system

combination of circuit-breaker, controller and necessary sensors and auxiliary equipment
required to achieve controlled switching as defined in 3.6.101

Note 1 to entry: Necessary sensors refers to those required to provide inputs to the controlled system and may
include voltage transformers, current transformers, temperature sensors etc.

3.3 Parts of assemblies

No particular definitions.

3.4 Switching devices

No particular 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 use to

describe controlled switching. Documents
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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

device used to define the instant of switching of a circuit-breaker and to operate each pole
independently according to a predefined sequence

3.7 Characteristic quantities

3.7.101

opening time

<of a mechanical switching device>

interval of time between the specified instant of initiation of the opening operation and the
instant when the arcing contacts have separated in all poles

Note 1 to entry: The instant of initiation of the opening operation, i.e. the application of the opening command (for
example energizing the release, etc.) is given in the relevant specification.

Note 2 to entry: Time from the instant of coil energization to arcing contact separation. Any delay introduced by a
controller is not considered.

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

3.7.102

closing time

interval of time between the initiation of the closing operation and the instant when the contacts
touch in all poles

Note 1 to entry: Time from the instant of coil energization to arcing contact touch. Any delay introduced by a
controller is not considered.

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

3.7.103

close-open time

interval of time between the instant when the arcing contacts touch in the first pole during 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. Documents
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3.7.105

mechanical 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

voltage withstand reduction as a function of time or arcing contacts gap during closing of a
circuit-breaker

3.7.107

rate-of-rise of dielectric strength

RRDS

voltage withstand increase as a function of time or arcing contacts gap during opening of a
circuit-breaker

3.7.108

re-ignition free arcing time window

period of arc duration during a breaking operation during which the arcing contacts of a
mechanical switching device reach sufficient distance to exclude re-ignition

3.7.109

target point for opening

prospective instant of arcing contact separation during a controlled opening operation of a
circuit-breaker

3.7.110

target point for closing

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

3.7.111
target point for making
prospective instant of current initiation during a controlled closing operation of a circuit-breaker

3.7.112
making window
time interval around the target point for making

Note 1 to entry: Making within a correctly chosen making window will lead to a pre-determined making voltage. For
practical values of RDDS, the centre of the making window may not correspond to the target point for making.

3.7.113
closing window
time interval around the target point for closing

3.7.114
making 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 Documents
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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
Y
A
Y

IEC
Key
a — system voltage
b — current through the circuit-breaker
¢ —open command initiation (from control room/SCADA)
d — arcing contact separation instant
e — auxiliary contact 'a' changeover instant
f— start of the controller for evaluation of command output
g — auxiliary contact 'b' changeover instant
h — trip command initiated by the controller
i — opening time
j — break time
k — arcing time
| — current breaking instant
y — delay introduced by the controller
Figure 1 — Example of a controlled opening operation
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Key
a — system voltage
b — current through the circuit-breaker
¢ — close command initiation (from control room/SCADA)
d — arcing contacts touch instant
e — auxiliary contact 'a' changeover instant
f— start of the controller for evaluation of command output
g — auxiliary contact 'b' changeover instant
h — close command initiated by the controller
i — make time
j — closing time
k — pre-arcing time
! — making instant
4c - delta c, time between arcing contacts touch and auxiliary contacts (Ac,,.)
m — delay introduced by the controller
Figure 2 — Example of a controlled closing operation
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IEC

Key

a — target point for opening (as per definition 3.7.109)

b — current breaking instant

¢ — system voltage

d — current through the circuit-breaker

e — arcing time

f— arc voltage

g — recovery voltage across the circuit-breaker contacts

Figure 3 — Current interruption definitions in a switching device

Voltage across contacts

IEC

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 Documents
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Voltage across contacts

IEC

Key

a — target point for making in the vicinity of voltage zero (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 5 — Target definitions for a controlled closing operation
in the vicinity of voltage zero

4 Normal and special service conditions

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

5 Ratings

5.1 General

Subclause 5.1 of IEC 62271-100:2021 is applicable with the following additions:

Rated characteristics for circuit-breakers for intentional non-simultaneous pole operation
e rated short-circuit making current for non-simultaneous closing.

5.2 Rated short-circuit making current (I,,,.) for intentional non-simultaneous closing

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 |JEC 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 JEC 62271-104.

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

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

NOTE 2 For circuit-breakers intended to be used for voltage zero closing in effectively earthed neutral systems and
earthed neutral capacitive loads no enhanced making current will occur however full asymmetry will be developed in

each phase when closing onto a pre-existing fault.

NOTE 3 Equipment connected in series with the circuit-breaker will also be exposed to enhanced peak currents if

they occur.

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

Circuit-breakers rated according to JEC 62271-100 may be suitable for such applications

without additional short-circuit making current test as per 7.2.4, if the specified short-circuit
making current, at the circuit-breaker location, is less than or equal to the rated short-circuit

making 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

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 |EC 62271-100Q.
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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 recommended procedure to determine mechanical scatter is given in Annex B.

6.3 RDDS

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

6.4 Auxiliary and control equipment and circuits

Intended pole non-simultaneity shall not compromise any control equipment and circuits such
as for anti-pumping and pole discrepancy.

6.5 Uncontrolled operations

Circuit-breakers tested in compliance with this technical specification and intended to be used
with a controller shall be able to operate when the controller is rendered inoperable in
contingency situations.

Circuit-breakers intended for capacitive switching shall minimally meet class C1 according to
IEC 62271-100 for a given application.

For shunt reactor switching, the uncontrolled operation of the circuit-breaker can be harmful for
the shunt reactor and the circuit-breaker (see 7.4, NOTE 3). Uncontrolled operations of shunt
reactors at 245 kV and above should be avoided.

6.6 Nameplates

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

The nameplates of single-pole operated circuit-breakers intended for controlled switching shall
have a specific 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 toler

be decrfared.g ° Y ﬁg&ﬂﬁqents
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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 |[EC 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.

Non-simultaneity between individual MBUs of a same pole shall be recorded during routine
testing as specified in 8.1.

7 Type tests

71 General

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

Type tests for circuit-breakers with intentionally non-simultaneous poles are listed in Table 3.
These 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 are not

covered under |JEC 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

Capacitive current Controlled opening in non-effectively earthed neutral systems or 7.3

switching controlled switching of capacitor banks

Inductive load switching Controlled switching of a shunt reactor 7.4

Controlled closing All controlled closing applications 7.5

7.2 Miscellaneous provisions for making and breaking tests
7.21 General

Subclause 7.102 of IEC 62271-100:2021/AMD1:2024 is applicable to all making and breaking
tests unless otherwise specified in 7.2.2 to 7.3.

7.2.2 Identical nature of the MBUs
Subclause 7.102.4.2.3 of IEC 62271-100:2021 is applicable except for item (a).

7.2.3 Test duty T100a

Subclauses 7.104.2.2 and 7.104.2.3 of IEC 62271-100:2021 are applicable with the following
additions:

This test duty applies only to circuit-breakers intended for controlled closing in non-effectively
earthed neutral systems (see NOTE) when the intended closing sequence is as per 5.2.

When a circuit-breaker has already been tested as per |EC 62271-100, it may not be necessary
to perform additional testing if it can be demonstrated that the product of "/ x A¢4" prior to current
interruption of the major loop is equal to or greater than the product of "/ x At4" indicated in
Table 4 and Table 5 below considering the minimum close-open clearing time. T100a tests
according to 7.104.2.2 of IEC 62271-100:2021 may cover the required asymmetry criteria of
Table 4 or Table 5, e.g. from tests with higher rated short-circuit breaking currents or higher DC
time constants. In this case no additional tests need to be performed. IEC TR 62271-306 can
be used as a guide for these calculations.

The test procedure follows |[EC 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.

When 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
4 48,5 <¢<69,0 1,29 11,9 4,0 13,6 9,9
69,0 <7< 89,3 1,19 11,2 3,7 12,9 9,3
10,0 <t <274 1,83 16,8 54 18,5 13,3
27,4 <t <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 <t < 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 1,70 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 <1< 88,8 1,41 12,7 4,3 14,4 10,6
88,8 <1< 109,1 1,32 12,0 4,0 13,7 10,1
109,1 <r<129,2 1,24 11,6 3,9 13,2 9,7
129,2<1<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 <1<47,4 1,90 17,5 5,8 19,1 14,0
47,4 << 67,9 1,76 15,6 5,3 17,2 12,9
67,9 <t< 88,3 1,65 14,5 4,9 16,2 12,1
120 88,3 <r=<108,5 1,55 13,7 4,6 15,4 11,4
108,5 <r<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.

Documents

Document Sharing Hub

Full document details: PD IEC TS 62271-319:2024


http://www.avadocuments.com/doc/pd-iec-ts-62271-319-2024
http://www.avadocuments.com/doc/pd-iec-ts-62271-319-2024

