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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
PARTICULAR REQUIREMENTS FOR AC SWITCHGEAR -

Part 3-1: Measurement, control and protection devices
for specific use in AC traction systems — Devices

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co
all npational electrotechnical committees (IEC National Committees). The object of IEC*is to

interhational co-operation on all questions concerning standardization in the electrical and-glectronic f
this end and in addition to other activities, IEC publishes International Standards, dJechnical Specif|
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter’ referred to

Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in
in tHe subject dealt with may participate in this preparatory work. International, governmental a
govgrnmental organizations liaising with the IEC also participate in this preparation. IEC collaborateg
with [the International Organization for Standardization (ISO) in accordance with conditions detern
agrepment between the two organizations.

The formal decisions or agreements of IEC on technical matters expressy as nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical” committee has representation
interpsted IEC National Committees.

IEC |Publications have the form of recommendations for interfational use and are accepted by IEC
Compmittees in that sense. While all reasonable efforts are\made to ensure that the technical conten|
Publ|cations is accurate, IEC cannot be held responsible’ for the way in which they are used or
misipterpretation by any end user.

In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Pub
trangparently to the maximum extent possible_in their national and regional publications. Any diy
between any IEC Publication and the correspaonding national or regional publication shall be clearly ind
the lgtter.

IEC |tself does not provide any attestation’of conformity. Independent certification bodies provide cqg
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg

mempbers of its technical €ommittees and IEC National Committees for any personal injury, property da
othe[ damage of any mature whatsoever, whether direct or indirect, or for costs (including legal fg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any of
Publ|cations.

Attention is drawn to the Normative references cited in this publication. Use of the referenced public
indispensablé.for the correct application of this publication.

Attention lis Jdrawn to the possibility that some of the elements of this IEC Publication may be the s
patept rights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 62505-3-1 has been prepared by IEC technical committee 9:
Electrical equipment and systems for railways.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

distinguish between requirements, Clauses 4 and 5, and application guides, annexes;

include requirements on devices for example control and protection relays not in
before;

remove parts already included in other standards, for example EN 50633 for pro
principles, which is intended to become an IEC standard.

cluded

tection
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The text of this International Standard is based on the following documents:

FDIS Report on voting
9/2563/FDIS 9/2575/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A It af _all _narte 1 tha DO COENE cAariac onublichad a4
ist roef—aH—parts—in—the—EG62505——series—published—und
r

applications — Fixed installations — Particular requirements fo
on the|lEC website.

er—the—general—tHHde—Railway
AC switchgear, can,'bg found

The cdmmittee has decided that the contents of this document will remain upchanged uptil the
stability date indicated on the IEC website under "http://webstore.iec.ch” in.the data related to
the spécific document. At this date, the document will be
e regonfirmed,

e withdrawn,

o reglaced by a revised edition, or

e amlended.

A bilingual version of this publication may be issued:at‘a later date.
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INTRODUCTION

IEC 62505-3-1 is intended for measurement, control and protection devices for specific use in
AC traction systems other than current and voltage transformers. These are covered by
IEC 62505-3-2 and IEC 62505-3-3 respectively.

This standard covers a large variety of different kinds of equipment used in railway fixed
installations which do not have railway specific product standards. It provides clarification on
how to select ratings and test values relevant for operation in fixed installations. This standard
should be read in conjunction with the relevant product standard of the equipment concerned.

Annex[A~ and Annex B are application guides. Annex A deals with railway_ _gpecific
measufement principles and Annex B provides guidance on the design of control systgms for
AC traction. These application guides identify characteristics of and parametgrs for
procedures and functions used. Guidance on protection principles is given in EN 50633

The clause numbering of this part is different to that used in all other patts of the IEC|62505
series.| Clause numbering in the other parts is the same as in the specifiec referenced groduct
standafd.
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
PARTICULAR REQUIREMENTS FOR AC SWITCHGEAR -

Part 3-1: Measurement, control and protection devices
for specific use in AC traction systems — Devices

1 Scope

This pisrt of IEC 62505 is applicable to new low voltage devices for measurement, cont
i

protec

— for

on which are:

indoor or outdoor fixed installations in traction systems, and

— opgrated in conjunction with high voltage equipment with an AC./line voltag

fre

NOTE 1
15
12
12,
12,

juency as specified in IEC 60850.

IEC 60850 specifies the AC traction systems:
KV 16,7 Hz,
kV 25 Hz,
b kV, 20 kV also 25 kV with 50 Hz and
b kV, 20 kV, 25 kV also 50 kV with 60 Hz.

This dpcument does not provide specific requirements_for AC traction systems supplied

freque
set out

This d
voltage
possib

2 Nd

The fo

in this document can also be used as a guidance for these systems.

bcument also applies to measurement;(control and protective devices other th
devices and not covered by a spegific railway product standard as far as reas
e. Requirements of this document prevail.

yrmative references

conten

constitutes requirements of this document. For dated references, only the

cited applies. For undated‘references, the latest edition of the referenced document (in
any ampendments) applies.

IEC 60255-1, Measuring relays and protection equipment — Part 1: Common requiremer

IEC 6085032014, Railway applications — Supply voltages of traction systems

ol and

e and

with a

hcy of 25 Hz or with a nominal voltage of 12,5 kV or 50 kV. Nevertheless, requirgments

an low
onably

lowing documents are referred to in the text in such a way that some or all ¢f their

edition
cluding

IEC 61243-5, Live working — Voltage detectors — Part 5: Voltage detecting systems (VDS)

IEC 61

IEC 61

869 (all parts), Instrument transformers

869-1:2007, Instrument transformers — Part 1: General requirements

IEC 62236-5:2018, Railway applications — Electromagnetic compatibility — Part 5: Emission

and im

munity of fixed power supply installations and apparatus

IEC 62497-1, Railway applications — Insulation coordination — Part 1: Basic requirements —
Clearances and creepage distances for all electrical and electronic equipment

IEC 62505 (all parts), Railway applications — Fixed installations — Particular requirements for
AC switchgear
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IEC 62505-2:2016, Railway applications — Fixed installations — Particular requirements for AC
switchgear — Part 2: Disconnectors, earthing switches and switches with nominal voltage

above

1kV

IEC 62505-3-3:—1, Railway applications — Fixed installations — Particular requirements for AC
switchgear — Part 3-3: Measurement, control and protection devices for specific use in AC
traction systems — Voltage transformers

3 Terms and definitions

31
under-
voltage

[SOUR

3.2
under-
control
delay,
below

Note 1t

Note 2 t

3.3
under-
shunt

[ O 1
lowing apply.

d IEC maintain terminological databases for use in standardization at' the fo
ses:

L Electropedia: available at http://www.electropedia.org/

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

voltage
the value of which is lower than a specified limiting value

CE: IEC 60050-151:2001, 151-15-29]

voltage off

function which permits a mechanical“switching device to open, with or withou
when the voltage of the circuit, thesfmechanical switching device is connected t
h predetermined value

b entry: This term is used whena(loss of primary voltage is considered.

b entry: This function will in"most cases require some kind of shunt release.

voltage release
elease which permits a mechanical switching device to open or close, with or

time-dglay, when the.voltage across the terminals of the release falls below a predete

value

Note 1t

b entry: .\ This term is used when a loss of an auxiliary voltage is considered.

parts)

lowing

t time-
p, falls

without
rmined

[SOU

CEY IEC 60050-441:2000, 441-16-42, modified — Note 1 to entry has been added

[a—

3.4

under-voltage trip
protection function which permits a mechanical switching device to open, with or without time-
delay, when the voltage of the circuit, the mechanical switching device is connected to, falls
below a predetermined value

Note 1 to entry: This term is used when a loss of primary voltage is considered.

Note 2 to entry: This function will in most cases require some kind of shunt release.

1 Second edition under preparation. Stage at the time of publication IEC CFDIS 62505-3-3:2019.
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4 Specific requirements from the traction system

Traction systems due to for example their load, voltage and earthing conditions require
thorough analysis when defining operational principles and requirements for equipment.

The design of measurement, control and protection circuits, their devices and algorithms shall
consider any effect arising from:
— fast fluctuation of traction power demand;

— moving tractions units, providing scenarios with traction currents higher than failure
currents;

— theg return current system, especially the track, which typically is effectively connegted to
eatth;

— fasft fluctuation of operating voltages between U0 and Uy a0, With Upino:and U gy as
specified in IEC 60850;

— high number of switching operations for example caused by a high” number of short
cir¢uits in the contact line systems;

— in 16,7 Hz traction systems the duration of a period of 60 ms injrespect to magnetization,
safuration and switching times;

— in puto-transformer systems, a phase shift of 180° resulting in an maximum opgrating
voltage of 2 x U, ..o but only between phases.

NOTE 1 Typically the return circuit in AC traction systems is<effectively earthed. Unlike utility netiworks a
displacefment of the star point during earth faults resulting in arincfease of phase voltages by factor V3 cannot
happen.

NOTE 2| Equipment in a 25 kV traction system is subject to a maximum permanent operating voltage phase to
earth of|27,5 kV = U_ . ;. Equipment in a 3 phase utility\network with a highest system voltage U, = 36 k\ has an
average|continuous voltage phase to earth during 99 % of its life of 33/V3 kV = 19,1 kV.

If the above values are compared, it becomes cleaf-that the dielectric stress of equipment in traction powdr supply
is signiflcantly higher and therefore the test voltages e.g. during partial discharge testing have assignefl higher
values if this document.

5 Requirements on measurement, control and protection devices

5.1 General

Measufement, controhand protection devices shall be designed, manufactured and tegted to
their slpecific product standards. Requirements of railway standards prevail and shall be
applieq as far,as Tteasonably possible. This especially concerns IEC 62497-1 for insjulation
coordimation_and IEC 62236-5 for electromagnetic compatibility.

Annex|Avand Annex B provide guidance on specific measurement and control principles for
AC traciion systems. They identify characteristics of and parameters for procedures and
functions used.

5.2 Voltage detection systems

Capacitive voltage detection systems shall comply with IEC 61243-5 except for the following
requirements:

— voltage absence indication shall be below 50 % of Uino,

— voltage presence indication shall be above 90 % of U,,;,» and

— the capacitive voltage detection system shall properly work also up to U, 542-

NOTE 1 The thresholds for voltage absence and presence indication are adapted considering the fact that
voltages are between contact line and running rail on ground potential and also considering the tolerances of
supply voltages of traction systems.
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When selecting voltage detectors manufactured according to IEC 61243-1 it may be
preferential to use thresholds for voltage absence and presence indication as specified
before.

NOTE 2 This portable equipment is only temporarily connected to a supply voltage of the traction system.

NOTE 3 There are national standards available in some countries specifying thresholds for voltage absence and
presence indication.

5.3 Devices at supply voltage of a traction system

Devices not covered by a railway specific product standard and being connected to a circuit at
supply voltage of a traction system shall comply with the test voltages including partial
dischafge level as specified in IEC 62505-3-3 for this supply voltage. If these devitles are

connegted to provide isolation of feeding systems the test voltages shall be taken. for“jacross
the isolating distance” from IEC 62505-2:2016, Table 1, for example when connected
to a digsconnector.

arallel

Other [requirements of |EC 62505-3-2 or IEC 62505-3-3 or for sensors as giyen in
IEC 61869 (all parts) shall apply as far as reasonably possible andshall be agreed upon
betwegn supplier and infrastructure manager.

Devices containing electronic parts shall be subject to a<fdnction test in the infended
operatfonal circuit and under worst case conditions, for example in its installation position
next to a circuit breaker during a short circuit breaking test.

Dielecfric type tests shall be applied as specified in JEC 61869-1:2007, 7.2.3 with test|values
as spefified in IEC 62505-3-3:—, 7.1. Dielectric routine tests shall be applied as specjfied in
IEC 61/869-1:2007, 7.3.1 to 7.3.4 with test values'as specified in IEC 62505-3-3:—, 7.1 and
7.3. Other tests and their test requirements:shall be agreed upon between purchasger and
suppligr prior to the order.

5.4 Protection devices

Protection devices used in railway applications shall comply with the relevant pgroduct
standa[ds, particularly IEC 60255-1. They shall also comply with the electromagnetic
compatibility requirements given in IEC 62236-5.

Any prptection device-shall be specified based on a consideration of the specific requirgments
from the traction system as given in Clause 4.

Protection devices for contact line protection shall include the following protection functfons:

— disfance protection with a minimum of two stages and the possibility to use directional
setltings;

— di/dt or du/dt protection, when specified, for example by the system designer or
infrastructure manager;

— de-icing protection, when specified, for example by the system designer or infrastructure
manager.

They shall also include the possibility of blocking or delaying between the functions. In
particular, when specified, protection functions shall be blocked for a short time when a high
2nd  harmonic content is detected, for example to avoid unintended tripping due to
transformers inrush currents.

NOTE 1 This kind of protection device will typically use specially adapted algorithms and will therefore be
different to devices intended for utility use.

NOTE 2 EN 50633 provides an application guide on protections systems including back scenarios.
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Protection devices for 16,7 Hz contact line protection shall include the following protection
functions in addition:

— instantaneous overcurrent protection;
— fast acting trip output.

NOTE 3 Instantaneous overcurrent protection in combination with the fast acting trip output are intended to
support fault clearance in the first half of the period. 16,7 Hz circuit breakers are typically equipped with a fast
tripping device and total time until opening of the breaker is in the range of 20 ms to 25 ms.

NOTE 4 Algorithms for 16,7 Hz contact line protection devices are in many cases different to those of 50 Hz and
60 Hz devices. This is due to the aim to achieve similar response times out of a shorter fraction of the period.
Hardware modifications are also likely to be necessary.
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Annex A
(informative)

Application guide — Measurement principles,
particularly related to the line testing methods

A.1 Overview

This application guide provides guidance in measurement principles typical to traction
systems particularly in relation to the line testing methods.

NOTE Many other principles are well known from public power supply systems and are not repeated.in| thi$ annex.

Line tgsting has been classified as a measurement principle. Nevertheless it ‘nérmally only
providgs a comparison to a threshold and not a measurement value.

A.2 |Line testing

A.2.1 General

Overhgad contact lines are exposed to a significantly higher number of short ¢ircuits
compafed to other overhead lines. This is due to the feduced height of installation|above
ground and operation together with fast moving pantogfaphs.

Any short circuit provides extra stress to thex~contact line which is sensitive tg over-
tempefatures. This sensitivity is influenced by mrany parameters including cross-sectiops and
tensile|force. Based on this data and under consideration of traction load, short-circuit gurrent
level gnd protection scheme, the withstand-ability of the contact line against, for example
repeated short circuits, may be determined.

NOTE 1| A typical value derived from operational experience is 1 short circuit for each km of contact|line per
annum.

NOTE 2| Most sensitive to loss of tensile strength are droppers between messenger and contact wire.

The rgcommendation is-to consider measures reducing the number of short circuit$ for a
contact line. One possibility is to close line circuit breakers only after the ‘short circdit free’
conditipn of the centact line has been verified. Experience has shown that line festing
provides a substantial benefit with short circuit current levels from 20 kA and higher.

NOTE 3| 16,7 Hz*railways with short circuit current levels of up to 40 kA typically use line testing wheregs 50 Hz
and 60 Hz railways with short-circuit current levels of up to 16 kA typically do not.

NOTE A4 Qn" rn" of Vf SHFFe n{ hr-nnn{ FREFS—SOrR "m S laadc + adalav in trinnina f th H i heran er after

semeti leads—to—a—detay—in—tripping—ofthe—eireuitbrea
switching on to a short circuit. Thermal stress to the contact line is unnecessarily increased in these cases. The
current transformer can be designed to prevent this effect.

All line test principles have in common that the contact line is energized with a voltage in the
range of the supply voltage for a predetermined time. The testing source provides a short
circuit impedance limiting the failure current in case of a short circuit to a few percent of the
rated current. Detection method and related parameters are fixed by the system
designers/infrastructure managers for the system.
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A.2.2 Line testing methods
A.2.2.1 Line testing based on voltage criterion

This method uses a test resistor limiting the fault current to values below 10 A. The resistor is
connected to the feeder cable of the contact line under test and switched on to the feeding
system, for example by a switch-disconnector. The voltage at the contact line is measured
and provides the criterion for switching on.

NOTE 1 Typical resistance values are 3,3 kQ to 5 kQ leading to maximum test currents of 5,4 A to 3,6 A in
16,7 Hz railways. These resistors are typically indoor mounted, thus the room temperture is influenced by losses
dissipated during testing.

A valug in the range of 50 % of the nominal supply voltage is typically considered~a$ short
circuit free. A voltage transformer on the contact line side is required for this measurement.
The rgsult of the voltage measurement is increased by parallel overhead and’ overhead
contact lines already energized and decreased by loads not automatically switched pff, for
example points heating transformers or train heating.

NOTE 2| It is normal practice in some countries to leave the train heating energized dlso-when parked in Hdepot or
yard.

If this fnethod is used the following should be specified:

— resfistance of the test resistor;
— voltage value for short circuit free detection;
— tesft cycle, including individual on and idle times;

— nuinber of cycles with negative result prior to a.Jleck-out;

Tempégrature monitoring may be used to utilize(the thermal capacity of the test resistor.

A.2.2.7 Line testing based on current criterion
A.2.2.21 By means of resistors

As in A.2.2.1 this method uses*a-resistor to limit the short circuit current. The testing ¢urrent
is measured either by a separate current transformer in the testing circuit or by the ¢urrent
transfgrmer of the line feéder circuit. Possible saturation needs to be considered whien the
curren{ transformer of the line feeder circuit is used.

NOTE [lypical resistance ‘values are 400 Q to 550 Q leading to maximum test currents of 45 A to 33 A in[16,7 Hz
railways| These resistors are typically outdoor mounted due to the big losses during testing.

A valug in thesrange of 20 A to 30 A is typically considered as short circuit free. This method
is mor¢ robust to loads not automatically switched off due to the lower resistance valug used
compaTed to line testing based on voltage criterion.

If this method is used the following should be specified:

— resistance of the test resistor;

— current value for short circuit free detection;

— test cycle, including individual on and idle times;

— number of cycles with negative result prior to a lock-out.

Temperature monitoring may be used to utilize the thermal capacity of the test resistor.
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A.2.2.2.2 By means of electronic devices

Modern high voltage power electronic devices are combined into a larger unit including
internal control and auxiliary power supply. These units can be operated directly at traction
line voltage in the same way as line testing utilizing resistors. The current is limited by internal
control. Due to their limited thermal capacity these units are operating with single pulses only.
The line test results may be achieved by evaluation of the current over time integral, also the
voltage across the open testing device may be considered. The results are typically sent to
the control system via a fibre optic cable.

NOTE These devices are typically used in conjunction with feeder related line testing procedures due to the

during
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e they
bff and
ration.

s may

compact design.

A.2.2.3 Other line testing methods

Line tgsting methods using test resistors to limit the test current produces high osses
line fauyillt conditions. Other line testing methods may therefore also be applied\providg
support reliable operation and allow an acceptable level of discrimination bétween norn
short-dircuit conditions.

NOTE pMarious methods using inductances, capacitances or special transformers(have already been invg
as an ajternative. None of these alternative methods did show reliable test results for all different opgrational
conditiofps mainly due to resonance phenomenon.

A.2.3 Line testing procedures

A.2.3.1 General

Line tgst procedures are one element in the tractionipower supply system and therefo
need tp be coordinated. Especially timing of the tést routine in correlation to switching
re-enefgization of other constituents, for examplé€ traction units needs thorough considg
This is[important to prevent falsification of the‘test results.

The refjuirement of IEC 62313:2009, 118 should be included.

The njain equipment of a resistor-based line testing consists of the test resistor, the
instrument transformer and the load switching device, protective devices such as fusq
also beg included.

A.2.3.7 Feeder related line testing

Feedef related ling:test procedures require the full test equipment for each line feeder

an ex

independent_from the other circuits and may be performed in parallel. This procedure ¢
the shortest possible time to restore traction power supply when a number of line feeds

trippe

mple is~given in Figure A.1. Consequently line testing of each feeder cir

inc@about the same time.

circuit,
cuit is
nables
brs has

If this procedure is used the following should be specified:

— Lin

e test method and related parameters as detailed in A.2.2.
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Feeder busbar

Incoming circuit-breaker

Line circuit-breaker =, ° * Switch-disconnector

il

] Line test resistor

Fuse

[ ]

1
L
Fuse

@ Voltage transformer

Line IEC

Flgure A.1 — Example of a feeder related line testing based onvvoltage criterign

A.2.3.3 Centralized line testing

Centrajized line test procedures require only one set of thée main test equipment foff each
switch!;ear. The connection to each line feeder is established by a switching device providing
isolatign, for example a disconnector. Line testing can\only be performed on a sindle line
feeder|circuit at a time. Any failure in the line testing/circuit disables line testing for the full
switchgear.

If this procedure is used the following should.bée-specified:

— ling test method and related parameters*as detailed in A.2.2;
— number of line feeder circuits;
— total number of cycles on any line feeder with negative result prior to a lock-out;

— sequence to be followed ifrmore than one line feeder requests line testing at a time.
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Annex B
(informative)

Application guide — Control principles

B.1 Overview

This application guide provides guidance on selecting control principles typical to traction
systems to establish a reliable power supply to the contact line or to ensure a defined
switching condition.

NOTE Many other principles are well known from public power supply systems and are in many ‘edses not
repeated in this annex.

The agplication of the features described hereafter depends on the control philosophy applied
by the |[system designer or infrastructure manager.

B.2 |[Closing control

B.2.1 General
Closing control systems are typically used in conjunction-with the electrical closing of a
switching device and are related to a single switching\device. Their effect is to pefmit or

inhibit [a closure depending on the status of the system”(and plant) and the complian¢e with
specified requirements.

B.2.2 Close inhibit
B.2.2.1 General

Close [nhibit is applied to switchgear in addition to interlocking conditions which purely rely on
the position of other switchgear.

Close |nhibit provides a more\comprehensive possibility to prevent switching devices ¢losing
under |potentially unsafe ‘©perating conditions by evaluating electric parameters frgm the
traction system. It is applied especially to circuit breakers.

B.2.2.2 Lock-out

Lock-out may.belused in control and protection systems.

It prevents switching on, for example after:

— an operation of a major protection function or
— a pre-set number of unsuccessful trials of a control or protection function.

A major protection function can be the frame-leakage protection which may require visual
inspection. By this it deems adequate to immediately lock-out and to only allow local reset. A
thermal protection of the contact line which requires time for cooling down may immediately
lock-out but may be reset automatically by time either fixed or according to a thermal image.

Reset of the lock-out may be automatically after a set time, by a remote control signal or
locally. The means of reset may vary with the initiating function.

If lock-out is used the following should be specified:

— the functions that trigger a lock-out and
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conditions to reset.

B.2.2.3 Synchronism-check

Synchronism-check prevents switching on while voltage conditions across the open switching
device are outside pre-set limits. It may be triggered by a difference in voltage, phase angle

or freq

uency or any combination of them.

Synchronism-check is well known in 50 Hz, 60 Hz and 16,7 Hz traction systems. Main use in
50 Hz and 60 Hz systems is to prevent connecting sections fed with a phase shift of
120 electrical degrees, for example being derived from different phase pairs of the public
power network. This situation may also apply to 16,7 Hz traction systems with fixed

freque
requirg

If sync

—  min

NCy. Synchronism-check 1n 16,7 HZ iraciion sysiems with varying irequency.n
d to reconnect sections of the grid.

hronism-check is used the switching on conditions should be specified:

imum and maximum voltage;

— ma

— makimum difference in phase angle;

— makimum difference in frequency;

— ma

There

conditi
closing
betwegq

B.2.2.4

Under-
energi:
Differe
switchi
lines n

Under-
examp

- to
- tol

Under-

imum difference in voltage amplitude;

imum duration of the synchronism-check.

may be more than one set of conditions specified*for a switching device. Any
bns needs to consider the time between detection of a permissible conditig
of the circuit to prevent impermissible changes of the conditions during the
n.

Under-voltage close inhibit

voltage close inhibit prevents switching on of de-energized circuits which ough
red first. It may be used when(information provided by the interlocking is not su
ht to synchronism-check ‘woltage conditions are evaluated from one side

beds to be considered and discriminated from low supply voltages.

voltage close inhibit may be applied to prevent energization from downstred
e:

ncoming citcuit breakers to prevent energization of traction transformers, as well

ine circuit’'breakers to prevent energization of the bus bar.

voltage close inhibit may be used in addition to an under-voltage protection

hay be

set of
n and
ime in

to be
icient.
of the

ng device only. The presence of significant voltage, for example induced by parallel

m, for

as

which

opens

b circuit in caca nflace af ciinniv valtaae
H-GHHHR-6356-0+1055—0+ v -

If unde

SO PPy oty

r-voltage close inhibit is used the following should be specified:

— minimum pick-up voltage.

There may be more than one set of conditions specified for a switching device.

B.2.3

On-command

On-command can be performed with or without line testing and may be prevented by one or

more o

f the close-inhibit functions as described before.
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B.2.4 Auto-reclose

Auto-reclose is mainly applied to line circuit-breakers and its purpose is to automatically
restore the traction system when there is a temporary loss of supply. Only a small number of
circuit breaker trips is caused by permanent short circuits and an auto-reclose system can
enhance the availability of the system.

Auto-reclose may be triggered by a current induced protection function and may or may not
include line testing. In combination with line testing the auto-reclose procedure including final
lock-out is typically performed by the control system. In the other case it is typically performed
by the protection system.

NOTE 1| Without line testing an auto-reclose can produce repeated short circuits. This can result in damage to the
contact line system or other infrastructure involved.

Auto-rg¢close may also be triggered by an under-voltage protection or a control function [similar
to thatl This auto-reclose procedure is typically performed by the control system. The final
lock-oyt needs careful consideration regarding the number of ftrials and” the time| delay
betwegn loss and reinstitution of the contact line voltage. This is to,distinguish between a
temporary failure and a shut-down. Nevertheless an auto-reclose aftef.a shut-down may also
be intended.

NOTE 2| Auto-reclose triggered by an under-voltage protection is typically tsed in line feeders of autotransformer
stations|to reconnect the autotransformer to the system. In most cases auto-transformer stations can autofatically
be discdnnected from the contact line to support isolation of faults.

The pfocedures for an on-command and auto-reclese/may be different, for example line
testing|is only carried out in combination with auto-reclosing.

NOTE 3| Based on experience and philosophy system, designers/infrastructure managers might aim for gpeeding
up energization and therefore assume a traction line to*be healthy when performing an on-command.

If autoireclose is used the following should/be specified:

— theg functions that trigger auto-reclose and
— theg pre-set number of unsuccéssful trials ending auto-reclose.

There may be more than one set of conditions specified for a switching device.

B.3 |Opening control

B.3.1 General

Opening control is only used in conjunction with the electrical opening of switching devjces. It
is applied’io achieve defined circuit conditions and by this to reduce endangering opgrating

conditieps—orto-increase—svystemavatlability for example by spneedingup fault findind in the
RS—O0+F—101HRG6FEa 56— Stei—aVaHapdHE—Fo—8Xapte—Yy—spee8cHig—Hp—atht—HRaHA

traction power supply system.

Opening control may operate independently and concurrently switching devices at several
installations of the traction power supply system. This needs to be coordinated during the
design stage.

There is no typical open control sequence in railways, nevertheless de-energization from
down-stream may be considered.
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B.3.2 Auto-off sequences
B.3.2.1 General

Auto-off sequences are initiated by certain conditions of the supply system and not by a
command from an operator in a control room. Aspects of human, plant and operational safety
need to be considered when selecting auto-off sequences.

B.3.2.2 Under-voltage off

Under-voltage off is initiated by the loss of supply voltage.

It can be used to:

— spe¢ed up fault finding in the contact line system by opening feeding sections)to provide
prgdetermined scenarios which can be evaluated by an impedance pretection pr line
testing scheme;

— limjt inrush-currents, for example by disconnecting points heating and autotransfprmers
prior to the re-energization of the contact line;

— prgvent automatic re-energization of low voltage circuits fed fromthe traction systen

-

Different to the under-voltage trip which is intended to respond¢to failure conditions and may
be usgd as back-up to another protection function, the under-voltage off is used to provide
predetgrmined scenarios.

Underqvoltage off may be used for:

— auflo-transformer stations;

points heating and train preheating installations;

staftions with renewable energy directly:supplied to the contact line.
If unddr-voltage off is used the following should be specified:

— drgp-off voltage;
— delay time, before operating’the switching device;

— regponse time, for finalizing the sequence.

NOTE 1| The delay time (s intended to prevent the function to react to short voltage dips. The responsg time is
intended to coordinate with the re-energization from another location.

Underqvoltage offi\corresponds to the under-voltage close inhibit of the closing control.

It may |be’combined with an auto-reclosing. Safety aspects to be considered shall also include
all posgiblé changes which might occur in between the time of opening and reclosing.

NOTE 2 This time can be very long and changes in the network can provide unintended conditions e.g. applied
portable earthing devices.

B.3.2.3 Off due to loss of auxiliary supplies

Auto-off caused by loss of auxiliary supplies can be used when the availability of the circuit
potentially switched off is less important than having control of it.

For this function the switching device needs to be operated by a under-voltage release. The
under-voltage release keeps the latch when energized and releases the latch when the
auxiliary voltage drops. The threshold is determined by the coil’s holding voltage.
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