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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
PROTECTION PRINCIPLES FOR AC AND DC ELECTRIC
TRACTION POWER SUPPLY SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all natigrrat-etectrotechnteatcommittees Nattora-Committees)—The-objeeto is—to-promoete-fjternational
co-opetation on all questions concerning standardization in the electrical and electronic fields. To\this end and
in addit|on to other activities, IEC publishes International Standards, Technical Specifications, Techniqal Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Puplication(s)"). Their
prepardtion is entrusted to technical committees; any IEC National Committee interested in-the/Subjeqt dealt with
may patfticipate in this preparatory work. International, governmental and non-governmental‘organizatipns liaising
with thg IEC also participate in this preparation. IEC collaborates closely with the International Orgahization for
Standafdization (ISO) in accordance with conditions determined by agreement between the two orgapizations.

2) The foral decisions or agreements of IEC on technical matters express, as nearly as possible, an ipternational
consensus of opinion on the relevant subjects since each technical commiittee has representatipn from all
interested IEC National Committees.

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

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

5) IEC its¢lf does not provide any attestation of conformity. Independent certification bodies provide|conformity
assessinent services and, in some areas, access.t0 |IEC marks of conformity. IEC is not responsiple for any
service$ carried out by independent certification bodies.

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

7) No liabjlity shall attach to IEC or its directors, employees, servants or agents including individual gxperts and
membefs of its technical committees andJIEC National Committees for any personal injury, property|damage or
other dpmage of any nature whatsoever, whether direct or indirect, or for costs (including legal| fees) and
expensgs arising out of the publication, use of, or reliance upon, this IEC Publication or any| other IEC
Publicafions.

8) Attentign is drawn to the Normative references cited in this publication. Use of the referenced pullications is
indispehsable for the correct application of this publication.

9) IEC drdws attention te\the possibility that the implementation of this document may involve the|use of (a)
patent($). IEC takes_ne'position concerning the evidence, validity or applicability of any claimed patgnt rights in
respect|thereof. As of the date of publication of this document, IEC had not received notice of (a) patept(s), which
may be|required-to implement this document. However, implementers are cautioned that this may nqgt represent

the Iatqst information, which may be obtained from the patent database available at https://patentsjiec.ch. IEC

shall nqt be’héld responsible for identifying any or all such patent rights.

IEC 63438 has been prepared by IEC technical committee 9: Electrical equipment and systems
for railways. It is an International Standard.

EN 50633 (2016) has served as a basis for the elaboration of this document.

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

Draft Report on voting

9/3114/FDIS 9/3143/RVD

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

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

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 iffdicates
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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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
PROTECTION PRINCIPLES FOR AC AND DC ELECTRIC
TRACTION POWER SUPPLY SYSTEMS

1 Scope

This International Standard applies to the electrical protection system, provided for AC and DC
electric traction power supply systems. It:

— estab
— descr
— speci
— estab

— speci

This docyiment is applicable to:

— railwg
— guide

mountain railways, trolleybus systems, and magnetically levitated systems whi

conta

trolley sy

ct line system.

This docéiment can also be applied to electrified\toad traffic with a contact line, such
stems.
Iiment applies to new electric traction power supply systems and can be 3

This doc
changes

ishes railway specific protection principles;
bes the railway specific protection system functionality;

ishes limitations of the protection system and the acceptability-ofresidual ri

ies principles for design verification.

ys;
d mass transport systems, such as tramways,elevated and underground

of existing systems.

This doc

— underground mine tractien'systems;
— cranegps, transportable platforms and similar transportation equipment on rails, t

struc

transformers from>the contact line system and are not endangered by the tracti

suppl

— suspgnded cable cars;

— funicylarwrailways;

— magn

ment does not apply to:

res (e.g. exhibition structures) in so far as these are not supplied direc

system;

ies minimum functional requirements and informative examples of their application;

5KS;

railways,
Ch use a

as truck-

pplied to

bmporary
ly or via
bn power

etic levitated systems (without a contact line system);

— railways with an inductive power supply without contact system;

— railways with a buried contact system that is required to be energized only below the train
to ensure safety.

This document does not cover:

— techn

— rules

ical requirements for products, e.g. protection devices;

for maintenance of protection systems.
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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 61991:2019, Railway applications — Rolling stock — Protective provisions against electrical

hazards

IEC 61992-1:2006, Railway applications — Fixed installations — DC switchgear — Part 1: General

IEC 6199

2-1:2006/AMD1:2014

IEC 6199
Measure
Applicati

IEC 6212

the return circuit — Part 1: Protective provisions against electric shock

IEC 6212

the return circuit — Part 3: Mutual interaction of a.c. and d.c/traction systems

IEC 6259
substatio

IEC 6231
the coorg

3 Tern
For the p

ISO and
addressé

e |ECE
e 1ISOC

3.1

2-7-1:2006, Railway applications — Fixed installations — DC switchgedr| =
ment, control and protection devices for specific use in d.c. traction sj
bn guide

8-1:2013, Railway applications — Fixed installations — Electrical safety, ear

8-3:2013, Railway applications — Fixed installations = Electrical safety, ear

0:2019, Railway applications — Fixed installations — Electronic power conv
ns

3:2009, Railway applications — Power supply and rolling stock — Technical d
ination between power supply (substation) and rolling stock

ns and definitions
urposes of this document;*the following terms and definitions apply.

IEC maintain terminology databases for use in standardization at the
S:

lectropedia: available at https://www.electropedia.org/
nline brawsing platform: available at https://www.iso.org/obp

contact line’system

Part 7-1:
stems —

hing and

hing and

brters for

riteria for

following

support system and contact line supplying electric energy to vehicles through current-collecting
equipment

Note 1 to e

ntry: The contact line system can comprise

— the contact line;

— masts and foundations;

— support

s and any components registering the conductors,

— cross-spans or cables,

— tensioners,

— other along track conductors such as feeders, earth wires and return conductors when supported from the same
masts as the contact line,

— conductors connected permanently to the contact line for supplying other electrical equipment such as lighting,
signal operation, point control and point heating.

[SOURCE: IEC 60050-811:2017, 811-33-59]
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3.2
electric traction power supply system
railway electrical distribution network used to provide energy for rolling stock

Note 1 to entry: The system includes:
— contact line systems;
— return circuit of electric traction power supply systems;

— electrical installations in power plants and substations, which are utilized solely for distribution of power directly
to the contact line;

— electrical installations of switching stations.

[SOURCE: IEC 60050-811: 2017, 811-36-21, modified — "power supply" added in the term for

enhanC“« elarityv cinon Alactrio trantinn 1o tvyninallyy ond far Anhaard A A r oy Alca runnlng

\.uuuu.] T TCC—CTC Tt ToTtTraoattroTrTTo I.] ylvuu] HSea+or-ehRboafra POYWTT uuyyl] LB YESAS

rails of npn-electrified lines in the vicinity of, and conductively connected to the running rails of
an electr|c traction power supply system, and electrical installations which areCsupglied from
contact lines either directly or via a transformer have been excluded from Note {I-to eptry.]

3.3
traction substation <electric traction>
substatipn <electric traction>

substation, the main function of which is to supply an electric traction power supply system

Note 1 to eptry: The synonym substation is used only when the contextis’clear

[SOURCE: IEC 60050-811:2017, 811-36-02]

3.4
switching station

traction switching station
installatign from which electrical energy can®e distributed to different feeding sections or from
which different feeding sections can be switched on and off or can be interconnected

[SOURCE: IEC 60050-811:2017, 811-36-22]

3.5
feeding $ection
electricall section of the~route fed by individual track feeder circuit-breakers within|the area
supplied py one or more,substations

[SOURCE: IEC 60050-811:2017, 811-36-25]

3.6
electrical-safety
freedom from risk that is not tolerable and which is caused by electricity

[SOURCE: IEC 60050-195:2021, 195-01-20]

3.7
electric shock
physiological effect resulting from an electric current passing through a human body or livestock

[SOURCE: IEC 60050-195:2021, 195-01-04]
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3.8

return circuit

all conductors which form the intended path for the traction return current and the current under
fault conditions

Note 1 to entry: The conductors can be for example:
— running rails;

— return conductor rails;

— return conductors;

— return cables.

[SOURCE: IEC 60050-811:2017, 811-35-01]

3.9
switchgear
switchind devices and their combination with associated control, measuring,.'prote¢tive and
regulating equipment, also assemblies of such devices and equipment with as$sociated
interconnections, accessories, enclosures and supporting structures, intended in pripciple for
use in connection with generation, transmission, distribution and convetsion of electric energy

[SOURCE: IEC 60050-441:1984, 441-11-02]

3.10
protectign operating time
interval of time between the fault inception and the instant of initiation of the opening pperation
of a switghing device, e.g. circuit-breaker

Note 1 to eptry: This time includes measurement, communication and protection device operation.

3.11
opening[time <of a mechanical switching device>
interval gf 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 eptry: The instant of initiation of the opening operation, i.e. the application of the opening conjmand (e.g.
energizing fhe release, etc.), is given'in the relevant specifications.

[SOURCE: IEC 60050-441:1984, 441-17-36]

3.12
break-time

interval of time between the beginning of the opening time of a mechanical switching device (or
the pre-gpcing time of a fuse) and the end of the arcing time

[SOURCE: IEC 60050-441:1984, 441-17-39]

3.13
fault clearance time
time interval between the fault inception and the fault clearance

Note 1 to entry: This time is the longest fault current interruption time of the associated circuit-breaker(s) for
elimination of fault current on the faulty item of plant.

Note 2 to entry: Fault clearance time is the total of the protection operating time, the (mechanical) opening time
and the arc extinction time. The latter two are included in break-time, IEC 60050-441-17-39.

[SOURCE: IEC 60050-448:1995, 448-13-15, modified — Note 2 to entry has been added.]
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3.14
touch voltage <effective>
voltage between conductive parts when touched simultaneously by a human being or livestock

Note 1 to entry: The value of the touch voltage is influenced by the impedance of the human being or the livestock
in electric contact with these conductive parts.

[SOURCE: IEC 60050-195:2021, 195-05-11]

3.15

fault condition

non intended condition caused by short-circuit, whilst the time duration is terminated by the
correct function of the protection devices and circuit-breakers

Note 1 to gntry: For the relevant fault duration the correct operation of protection devices and cifcuit-preakers is
taken into gccount.

[SOURCE: IEC 62128-1:2013, 3.4.5, modified — "Whilst" added so as to link.the sentgnce "The
time durdtion ..." with the rest of the definition.]

3.16
low resigtance fault
fault condlition where the resistance of the fault is sufficiently dew that the fault curr¢nt has a
similar mggnitude to that which would flow if the fault resistance were zero

Note 1 to eptry: The resistance of the fault is typically dominated by the resistance of the power arc.

Note 2 to eptry: In this definition, resistance will be understood as also being impedance for AC fault cyrrents.

3.17
high resistance fault <for electric traction power supply system>
shunt fallt with high resistance at the fault location, where the resistance of th¢ fault is
sufficient]y high that the fault current has™a substantially different magnitude to that whjch would
flow with|a low resistance fault

Note 1 to eptry: In this definition, resistance will be understood as also being impedance for AC fault cyrrents.

[SOURCIE: IEC 60050-448:4995, 448-13-08, modified — Definition amended to enhance clarity
for the agplication in eleetric traction power supply systems. Note 1 added.]

3.18
abnormdl operating condition <for electric traction power supply system>
condition| where-the system operates beyond its intended capabilities such that damage or
reduced liferexpectancy can be anticipated

3.19

short-circuit

accidentdal or intentional conductive path between two or more conductive parts forcing the
electric potential differences between these conductive parts to be equal to or close to zero

[SOURCE: IEC 60050-151:2001, 151-12-04]

3.20

current collector

equipment fitted to a vehicle and intended to collect current from a contact wire or conductor
rail

[SOURCE: IEC 60050-811:2017, 811-32-01]
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3.21

protection

provisions for detecting faults or other abnormal operating conditions in a power system, for
enabling fault clearance, for terminating abnormal operating conditions, and for initiating signals
or indications

Note 1 to entry: The term "protection” is a generic term for protection equipment or protection systems.

Note 2 to entry: The term "protection" may be used to describe the protection of a complete power system or the
protection of individual plant items in a power system e.g. transformer protection, line protection, generator
protection.

Note 3 to entry: Protection does not include items of power system plant provided, for example, to limit overvoltages
on the power system. However, it includes items provided to control the power system voltage or frequency deviations

i + H PN 1 <l badds +
such as autematereactorswitehingtoad-sheddirgete-

[SOURCE: IEC 60050-448:1995, 448-11-01, modified — "abnormal conditien” |[becomes
"abnormal operating conditions".]

3.22
protectign system
arrangenjent of one or more protection equipments, and other devicés;intended to pefform one
or more gpecified protection functions

Note 1 to eptry: A protection system includes one or more protection equipment, intelligent electronic deyices (IED),
instrument | transformer(s), wiring, tripping circuit(s), auxiliary supply(s) and, where provided, communication
system(s). [Depending upon the principle(s) of the protection systefm, ‘it may include one end or all gnds of the
protected sfection and, possibly, automatic reclosing equipment.

Note 2 to eptry: The circuit-breaker(s) are excluded.

Note 3 to ¢ntry: The circuit-breaker protection functionshare included, e.g. direct overcurrent or falllng voltage
release of {lc-circuit-breaker(s).

[SOURCE: IEC 60050-448:1995, 448-11-04, modified — Note 3 to entry added.]

3.23
protectigon equipment
equipment incorporating one or more protection relays and, if necessary, logic elements
intended [to perform one or more specified protection functions

Note 1 to eptry: A protectionequipment is part of a protection system.

[SOURCE: IEC 60050-448:1995, 448-11-03, modified — Example omitted.]

3.24
protectign.relay
measuring reflay which, either solely or in combination with other relays, is a consiituent of a
protection equipment

[SOURCE IEC 60050-448:1995, 448-11-02]

3.25

protected section

part of a power system network, or circuit within a network, to which specified protection has
been applied

Note 1 to entry: The protected section normally originates from a point of automatic disconnection to at least the
next point of automatic disconnection or the end of the circuit.

Note 2 to entry: An electric traction power supply system is a form of power system network.

[SOURCE: IEC 60050-448:1995, 448-11-05, modified — Notes to entry added.]
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3.26
selectivity of protection
ability of a protection to identify the faulty section and/or phase(s) of a power system

Note 1 to entry: The synonym selectivity is used only when the context is clear.

[SOURCE: IEC 60050-448:1995, 448-11-06, modified — Note 1 to entry added.]

3.27

reliability of protection

probability that a protection can perform a required function under given conditions for a given
time interval

Note 1 to entry: The required function for protection is to operate when required to do so and not to leplerate when
not requirefl to do so.

[SOURCE: IEC 60050-448:1995, 448-12-05]

3.28
redundanhcy
in an item, existence of more than one means for performing a required function

[SOURCE: IEC 60050-448:1995, 448-12-08]

3.29
sensitivity <of protection>
minimum| operating level (e.g. current, voltage, frequency, temperature) in a procesg that can
be detecied for the purpose of protection

EXAMPLE | Sensitivity of a protection system can_(be expressed by minimum fault current or maXdimum fault
impedance|coverage.

3.30
main prdtection
protection expected to have priority in initiating fault clearance or an action to terminate an
abnormal condition in a power system

Note 1 to eptry: For a givenjtem’of plant, two or more main protections may be provided.

[SOURCE: IEC 60050-448:1995, 448-11-13]

3.31
backup protection
protection'which is intended to operate when a system fault is not cleared, or abnormalcondition
not detected, in the required time because of failure or inability of other protection to operate
or failure of the appropriate circuit-breaker(s) to trip

[SOURCE: IEC 60050-448:1995, 448-11-14, modified — Note to entry omitted.]

3.32

circuit local backup protection

backup protection where the input is either from those transducers which are used by the main
protection or from transducers associated with the same primary circuit as the main protection

[SOURCE: IEC 60050-448:1995, 448-11-15 modified — "which is energised either from those
instrument transformers which energize"" replaced with "where the input is either from those

transducers which are used by". "instrument transformers" replaced with "a transducer" to make
it more generic. Note to entry omitted.]
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3.33

substation local backup protection

backup protection where the input is taken from a transducer located within the same substation
as the corresponding main protection and not associated with the same primary circuit

Note 1 to entry: Substation local backup also extends to switching station local backup where appropriate.

[SOURCE: IEC 60050-448:1995, 448-11-16 modified — 'which is energized" replaced with
"where the input is taken". "instrument transformers"” replaced with "a transducer" to make it
more generic. Note 1 to entry added.]

3.34

remote backup protection
backup protection located in a substation remote from that substation in \which the
correspohding main protection is located

[SOURCIE: IEC 60050-448:1995, 448-11-17]

3.35
circuit-breaker failure protection
protection which is designed to clear a system fault by initiating tripping of othgr circuit-
breaker(g) in the case of failure to trip of the appropriate circuit=breaker

[SOURCE: IEC 60050-448:1995, 448-11-18]

3.36

tripping
opening ¢f a circuit-breaker by either manual or<automatic control or by protective deyices

[SOURCE: IEC 60050-448:1995, 448-11-31]

3.37
direct ojercurrent release
overcurrgnt release directly energized by the current in the main circuit of a me¢chanical
switching device

[SOURCIE: IEC 60050-441:1984, 441-16-36]

3.38
indirect pvercurrent release
overcurrgnt release energized by the current in the main circuit of a mechanical switching device
through g cdrrent transformer or a shunt

[SOURCE: IEC 60050-441:1984, 441-16-37]
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em to be protected

scription

The system to be protected within the scope of this document is the electric traction power
supply system, within the limits set out in Figure 1. The electric traction power supply system
comprises:

— infeed to traction power conversion;

— traction power conversion (e.g. converter, transformer);

— infeed to secondary distribution busbar (including bus coupler);

— infeeq_to power absorbing equipment (e.g. energ orage
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Figure 1 — Electric traction power supply system and its interfaces

or DC systems the infeed to the secondary distribution busbar as shown in figure 1 can either
b disconnector. See 6.3.2.

shows a traction substation, however it also applies to the relevant parts of a
br example with a switching station feeder instead of a line feeder.

4.2 Inferfaces

4.2.1

The inte

nfeed

IEC

e a circuit-

switching

face-bhetween the electric traction power supply system and the trans

ission /

distributipn system is the feeder CIrCUIt breaker at the infeed to the tract|on _power co version.

The upst

Jr general

transm|SS|on and d|str|but|on systems taklng |nto account the foIIowmg aspects at the interface:

e protection coordination;

e communication;

e automatic reclosure;

e direct

ion of power flow (consumption and regeneration).

4.2.2 Rolling stock

The interface between the electric traction power supply system and the electric rolling stock is
the traction unit circuit-breaker.

For internal faults within a traction unit (i.e. faults occurring downstream of the traction unit
circuit-breaker) the requirements of IEC 62313:2009, Table 5, apply.
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Protection of electric rolling stock against faults downstream of the traction unit circuit-breaker
is not the primary function of the protection system of the electric traction power supply system,
however it can provide some degree of remote backup protection for such faults.

The protection in the traction substation shall be able to detect faults which include a maximum
vehicle impedance as set out in IEC 61991.

NOTE According to IEC 62313 internal faults on electric rolling stock are preferably cleared by the circuit-breaker
on the vehicle. The vehicle circuit-breaker is not intentionally delayed. The substation circuit-breaker is also tripped
without intentional delay in the main protection, i.e. there is no selectivity between vehicle and substation other than
by current magnitude. Even when considering the outage of one of these circuit-breakers the other provides limited
backup protection. Due to their non-selectivity there is no intentional delay in the clearance time.

In case of vehicles with regenerative braking the requirements of IEC 62313:2009, Clause 12
normally japply. Accordingly compliant vehicles will not continue to regenerate if thergd is a loss
of supply| voltage or a contact line-rail/earth fault condition. In cases where rolling/staock is not
IEC 62313 compliant, the arrangements for protection in case of regenerative braking shall be
agreed wfith the responsible entity.

4.2.3 Flectrical installations fed by the electric traction power supply system

Electrical installations not directly related to traction power, for example auxiliary power supply,
are not part of the electric traction power supply system, although they may be fgd by the
electric tfaction power supply system.

The interface between the electric traction power supply'system and the electrical installations
which ar¢ fed by the contact line is the disconnecting.device between the connectipn to the
contact lipe, i.e. overhead contact line or conductor rail, and the connection to the retufn circuit.

The interface of the electric traction power supply system to the electrical installatigns which
are fed Hy the substation busbar is the dis€onnecting device between the substatign busbar
and the dlectrical installation where the downstream protection takes over.

The protection of the electric traction power supply system shall be coordinated|with the
protection of the electrical installation. However, detection of internal faults within the jelectrical
installatigns fed by the electrictraction power supply system is not the primary function of the
electric tfaction power supply\system's protection system.

5 Genegral principles

5.1 Objectives

The funclion’ of the protection system is to provide protection in the event of fault conditions
and abndrmal-eperatingeondittons—Hhis—pretectonis—providedbyroniterarg—eertain process
values such as current, voltage, frequency and temperature and by the initiation of
interventions, such as tripping of circuit-breakers.

The major objectives for protection systems are:

e continuation of service and performance of the electric traction power supply system and
minimizing the disturbance to operations as far as practicable;

e limitation of the impact and damage to the affected equipment;

e avoidance of cascading effects and expanding to other network areas;

e minimization of arcing effects and energy released during faults;

e contribution to the protection of persons against indirect electric shock.
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The main aims are to prevent and limit damage of equipment and additionally contribute to
electrical safety in relation to indirect contact and secondary effects, e.g. arcing. Electrical
safety of the electric traction power supply system shall be ensured by satisfying a wide range
of requirements including those in IEC 62128-1 and IEC 62128-3.

It is not the objective of the protection system to prevent the risk of electric shock due to direct
contact with live equipment. In case of a direct contact to live conductors, e.g. during
maintenance activities, the predefined reaction will come too late. This risk is not mitigated by
this document.

5.2 System requirements

5.2.1 General

The protgction system's basic requirements are:

— reliabjlity of protection;
— load discrimination;

— selectivity of protection;
— speed of operation;

— econgmic feasibility.

These refquirements should be defined and balanced against the overall requirements of the
electric tfaction power supply system.

Due to the geographical scope and the design of the electric traction power supply pystem it
can be necessary to subdivide its protection intela’number of discrete parts. This cap include
automati¢ disconnection by the protection system of all phases or individual phases. Hrotection
is provided at each infeed point to each part:

While thg protected section is defined in-terms of the automatic disconnection points,|it should
be recoghized that the protection méasurement points can be located either siddg of each
automati¢ disconnection point, i.e.inside or outside the protected section. This resultg in either
a gap in fetection, or otherwise a'detection overlap with another protected section. Tlhis issue
shall be ffaken into account.in\developing the protection concept documentation.

The protgction systems of circuits fed by more than one source shall be coordinated.

EXAMPLE [ An example for an electrical circuit is a feeding section. At the beginning of a feeding secti¢n a circuit-
breaker with protection’is provided at a substation. In case of a double end feeding system, the section|is fed from
two sourcep and protected by the protection and the circuit-breaker provided at each end of the section.

In certairLcases, regenerating trains can influence the performance of the protectionlsystems.
The requirements for regenerative braking are defined in IEC 62313:2009, Clause 12.

For systems where regeneration is permitted, the required protection responses to a fault by
the traction power supply protection system, and also by a train or other trackside regenerative
system, shall be considered and agreed with the system designer / infrastructure manager
taking into account the requirements of IEC 62313.

NOTE The design of protection systems for railways utilizing regenerative braking requires particular attention
regarding any impact of regeneration on the normal performance of the protection system. An example is the effect
of underreach due to regeneration, where regeneration current can mask the effects of faults to distance protection.

For certain situations a single universally valid predefined action of the protection might not
exist. For such situations which require specific actions, the required response of the protection
system shall be agreed with the responsible entity, e.g. Infrastructure Manager.

EXAMPLE 2 The decision to automatically disconnect power in tunnel sections and hence possibly strand trains
and passengers depends on the overall operational safety concept.
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5.2.2 Protection reliability methods

For the protection of an electric traction power supply system a single fault condition in the
power circuits shall be detected and clearance initiated even when one single failure is present
in the protection system.

In order to achieve this, one or more of the following basic reliability methods shall be applied,
which are based on long-term service experience in electric traction power supply systems.

The methods and related protection functionalities at the different locations in the protection
chain shall be defined and coordinated with the basic design of the electric traction power
supply system.

However| these methods provide different degrees of redundancy and shall thereforg ble applied
to the prqtection chain by taking into account the specific requirements specified in“Clause 6.

Applicable protection reliability methods (Mx) are described in the following:

a)

b)

M1: |Simultaneous independent redundancy:

With [his method another protection (main-2) is operating in¢parallel to and indgpendent
from {he main protection (main-1).

This ghall comprise independent protection relays, and can“also include independgnt:
1) inputs including sensors, as described in 5.3 (optional);
2) tripping releases (optional);

3) ftrip circuits (optional);

4) ayxiliary supply (optional).

Optiopal items are typically to be agreed between the relevant entities, e.g. system|designer
and inpfrastructure manager.

Using a protection relay with different’functionality can increase diversity, but congideration
should be given to whether it will-provide comparable performance.

Generally parallel redundancy ‘is required for high energy fault conditions only, where
signiffcant asset damage .is possible or where there is an economic repson for
standprdization. This reliability method ensures the fastest clearance of a fault when the
main-{1 protection fajts,

M2: [Circuit local.backup protection:

With this methed, redundancy to the main protection is provided by a circuit local backup
protegtion (insaccordance with 3.32). Backup protection acts only in case of a $ustained
fault condition, e.g. indicating the main protection could have failed to clear |the fault
condifion,

This shall comprise independent protection relays, and can also include independent:
1) inputs including sensors, as described in 5.3 (optional);

2) tripping releases (optional);

3) trip circuits (optional);

4) auxiliary supply (optional).

Optional items are typically to be agreed between the relevant entities, e.g. system designer
and infrastructure manager.

NOTE 1 With this method normally an additional delay time is included when clearing the fault condition in case
of failure of the main protection and consequently higher levels of let through energy can occur.

When the main protection functionality is available, the backup protection shall not interfere
with the main protection system operation.

Generally, a protection device comprising the protection functions dedicated to the method
M1 can also provide supplementing protection functions used for M2.
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Using method M2 the circuit local backup protection may have a reduced set of functions
compared to the main protection.

c) M3: Overlapping backup protection:

This method uses the functionality of the substation local backup or remote backup
protection. The protection system is organized into different protected sections with the
backup protection being provided by overlapping the reach of the adjacent section(s). The
protection relays at the different levels in the chain of protection fulfill the main protection
for their assigned protected section and shall cover adjacent protected sections as backup,
which acts only in case of a sustained fault condition when the main protection in an adjacent
section has failed to clear the fault condition.

In this protection architecture overlapping sections shall be arranged for selectivity, so that
if a fault condition occurs and the main is functioning normally, although a number of
proteg¢tion equipments can detect the fault condition, only those relevant to the faulfy section
compj|ete the tripping function. The backup protection resets on incomplete operation. This
can re¢quire blocking or intertripping schemes.

NOTE R With this method an additional delay time is normally included when clearing, theyfault in cage of failure
of the main protection and consequently higher levels of let through energy can occur!

d) M4: [Supervision:
This method provides a monitoring regime which assists with the detection of latent defects

affecting the capability of the protection system. This can initiate interventions whig¢h reduce
the prlobability of the protection system being required to,act'while a defect is pregent.

This ¢gan comprise, but is not limited to:

1) mpnitoring of vital functions;

2) trip circuit supervision;

3) ayxiliary supply supervision;

4) sgnsor supervision e.g. current and voltage transformers.

Supeigvision of the protection system supports management of the electric tractipn power
supply system according to the proteetion system reliability requirements. Dependipg on the
opergdtional requirements two different concepts may be applied:

a) sypervision which automatically initiates a trip of the associated circuit-breakef, in case
the main protection system is out of service and there is no backup protection|covering
the protected section;-or

b) sypervision of thé nrain protection in a way that the operation personnel are magde aware
when it is out of service and can initiate corrective action, but which does nqt trip the
agsociated circuit-breaker(s). For certain cases, operation of a section which ig not fully
cqvered by the backup protection when the main protection is out of servicg may be
agcepted-for limited time period.

NQTE\3" The decision if concept B can be applied depends on the overall operations safety cofcept.

5.2.3 Load discrimination

The protection system shall be designed taking into consideration load discrimination and
should remain stable under load conditions.

In some electric traction power supply systems, it can be difficult to discriminate between fault
condition and load current conditions.

This is relevant for electric traction power supply systems due to the high power demand of the
trains. In some situations the magnitude of the line currents in normal operation (load) can be
comparable with the magnitude of the fault currents, for faults located in positions far from the
substations and characterized by high fault loop impedance.
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EXAMPLE Example of instability: If a line feeder circuit-breaker trips unnecessary while the current collector(s) on
trains momentarily bridge between adjacent electrical sections, this unnecessary trip can cause a high load current
to be transferred between electrical sections and result in damage of the OCL (Overhead Contact Line) due to
excessive arcing.

In order to reduce unnecessary tripping for load currents the following typical protection
solutions may, where appropriate, be adopted:

e impedance protection or current rate of rise functions or inverse overcurrent protection and
undervoltage intertripping for DC systems as described in IEC 61992-7-1;

e impedance angle or rate of rise functions for AC systems.

5.2.4 Speed of protection

Protection systems shall facilitate fast clearance of fault conditions within a tolerable tir]:]e frame.
The fault[clearance may be initiated without or with intentional delay. The required time frame
into account the following aspects:

e Equigment protection, in terms of limiting thermal and mechanical”stress within the
tolergnces for the system design. Main protection shall consider thé-short term Withstand
capagity of the protected equipment. Backup protection shall also minimize the risk of
thermal and mechanical damage. The time characteristics during\backup protectiop shall be
stated in the protection concept document.

o Electpical safety in relation to indirect contact, in terms,of-maximum permissiblg time for
touch|voltage according to the return circuit and earthing‘design. According to IE( 62128-1
the agsessment of the permissible touch voltage is based on the assumption of the correct
operdtion of the protection devices and circuit-breakers.

Precgndition is that the electric traction power, supply system and vehicles are agequately
desighed to meet the requirements in IEC 62428-1, IEC 62128-3 and IEC 61991 fegarding
touch|voltage and thermal design of the returh circuit and earthing installations.

e Limiting of the damage due to arcing aithe location of the fault, in particular for pverhead
contj,t lines.

e System stability.

5.2.5 Selectivity of protection

The protgction system shallfbe able to selectively identify and initiate automatic discgnnection
of the faplty section or the faulty equipment. The healthy part of the network shgll not be
permanefntly affecteds i;€. normal operation is resumed at the end of the fault pwitching
sequenceg.

For the bpckupsprotection reduced selectivity is permissible.

5.2.6 Economic feasibility

The economic feasibility of a protection system concerning the economic value of the protected
equipment and the consequence of a fault condition not cleared or loss of supply due to
unnecessary tripping on the other hand should be considered in the design of the protection
system.

5.3 Description of the protection system

Based on the functional interpretation of 3.22, the protection system applied in an electric
traction power supply system is the totality of the devices to fulfil the desired function,
(see Figure 2 for an example). Accordingly, the protection system can comprise:

e protection devices (i.e. a single protection function, multifunctional relays or intelligent
electronic devices);

NOTE 1 Intelligent electronic devices (IEDs) contain one or more processors capable of executing the behaviour of
one or more logical nodes, specified in the IEC 61850 series for protection functions.
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e sensors, e.g. instrument transformers, temperature sensors, position indicators;

e circuit-breaker protection functions, including tripping devices (release);

e self-supervision at device level;

e dedicated communication for protection;

e general communication for control purposes, e.g. substation control, SCADA (Supervisory
Control and Data Acquisition);

e auxiliary supply.

NOTE 2 In this document the protection function of the circuit-breakers are regarded as part of the protection
system. Product design properties and design specifications are covered in the relevant product standards for DC

and AC swi

tchgear, e.g. the IEC 61992 series and the IEC 62505 series.

NOTE 3 T

NOTE 4 |
protection 3

communications between substations, for example based on the IEC 61850 series.

NOTE 5 |
trip system

(7))

NOTE Co
to substatig

he typical auxiliary supply is DC (with local energy storage, e.g. battery).

some applications, the protection system can be combined with control system(s) te~form ar
nd control scheme/arrangement. This could take the form of wide-area protection sghemes wit

some applications, other system can interact with the protection system, e.g. fite detection or

or

Tripping system Main protection
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n control/SCADA "are not shown for clarity.

Figure 2 — Example of a protection system

5.4 FarJIt and abnormal conditions

integrated
h dedicated

lemergency

ply

IEC

Eystem and

The protection system design shall take into account the following fault conditions:

a) low resistance fault between:

1) any energized conductor and the traction return circuit or neutral;

2) and where the traction return circuit is earthed, any energized conductor and the earthing
system;

3) two or more energized conductors with phase displacement or different polarities,
e.g. AC lines with 60°, 120° or 180° phase displacement, or other specified phase
displacement in the system design;

b) where reasonably practicable and within technical limits, high resistance fault between:

1) any energized conductor and the earthing system, and in addition

2) any energized conductor and the traction return circuit or neutral;

3) two or more energized conductors.
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The protection system design shall also take into account the following abnormal operating
conditions:

c) system overload;

d) system over- and under-voltage;

e) system over- and under-frequency when specified, for example by the system designer or
infrastructure manager;

f) abnormal condition of traction power supply equipment, e.g. rectifier open arm condition,
switchgear low gas pressure;

g) circuit-breaker closure prevention (e.g. for bus coupler circuit-breaker, normally separating
two busbars under out of phase condition) when specified, for example by the system

des'g ner . or |nfr9efr||r\h|rn mnnngnr

The faultfand abnormal conditions covered by the protection for each protected section shall be
outlined in the protection concept, as described in 5.5.

NOTE Intgr-system faults, e.g. between HV transmission system and electric traction power-supply system, are not
covered in fthis document.

5.5 Prptection concept

For the Electric traction power supply system to be protected, the design principles and
requiremgnts for the protection shall be defined in a pfetection concept, descr|bing the
protection architecture and redundancy philosophy. The protection concept should be
elaboratdd as an integral part of the system design.

The protgction concept shall describe the protection system for the relevant part of the electric
traction gower supply system, which also comprises the interface information as defined in 4.2
and condiders the needs of any electrically connected network, independent of the jowner or
operating authority.

NOTE 1 Interfaces also include parts of the existing system which are not being changed.

The protgction concept shall alsordescribe arrangements for combined/integrated grotection
and control, where these are proposed.

For the protection concept,.the normal switching status as well as defined outage or emergency
conditions and corresponding switching status of the electric traction power supply system and
its interfgces shall be-~considered. Concepts for individual subsections of a network| are also
possible,|provided-that all interfaces are defined unambiguously.

If the prateetion concept requirements are clearly identified in other design documerts, these
documerqts may be used instead of a dedicated protection concept document.

EXAMPLE 1 A design document for a new electrical section can reference company technical regulations or design
frameworks which contain the required information for the protection design.

EXAMPLE 2 A general protection concept for the electric traction power supply system setting out standard
parameters and required performance can be adopted as the protection concept of the subsequent individual
electrical sections. In this case the individual section protection concepts only need to document deviations from the
general protection concepts.

Generally the protection concept shall describe the following main subjects:

a) sections to be protected;

b) fault cases and abnormal conditions to be considered for different locations in the electric
traction power supply system architecture;

c) maximum fault clearance times required by system design;
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d) fault clearance characteristics achieved by the protection concept:

1) pr
2) br

otection operating time;
eak-time of the circuit-breaker;

3) fault clearance times;

NOTE 2 Maximum fault clearance times and maximum break-time of the circuit-breaker required by the system

design

e) main

are provided by the entity responsible for system integration and jointly agreed.

protection and related protection device functions;

f) reliability methods (as generally described in 5.2.2 and in accordance with the requirements
in Clause 6) and associated protection device functions;

g) selectivity requirements;

h) coord
i) prote

ination and grading requirements;

ction coordination with interfacing systems (see 4.2).

The protg¢ction concept shall also include a statement addressed to the system intq

advise th
protectio
commiss

at they need to establish implementation and maintenance~requirement
n system. For example this can include processes for protection-setting man
oning and ongoing maintenance.

The protegction schemes given in informative Annex A, Figure A1 to Figure A.6, may

examples
requirem

An exam
Annex B.
25 kV lin

6 Spes

6.1 G¢

The spec
due to d
identified

In all cag

supply sy
and grad

bnts. They can be used as part of the protection.concept.

ple of a protection concept for a 25 kV linerfeeder is presented in the in
Additionally informative Annex C provides an example of a protection sche
b section with automatic changeover section.

cific requirements of different systems

neral

ific protection requirements for AC and DC systems are given in separate su
ifferences in architeeture and operation. Specific differences for AC sys
in the relevant subclauses.

es the proetection arrangements for individual stages of the electric tracti
stem (power conversion infeed; busbar infeed; line feeder, etc.) shall be co
bd with>each other in respect of both upstream and downstream directions.

grator to
5 for the
hgement,

serve as

which need to be adapted and modified accerding to the individual system

formative
me for a

pclauses,
ems are

bn power
prdinated

The prote

ction system shall take account of changes in the feeding configurations an

d provide

a suitable protection concept for all configurations. This can require the use of multiple settings,
and for modern numerical relays these can be pre-defined in multiple parameter sets or setting

groups.

For all electric traction power supply systems, it is possible that a train can run into a faulted
section during the fault, so that its current collector bridges an insulated overlap or section
insulator. This can affect normal protection operation, and also can reenergize a fault which
has been cleared. This scenario shall be taken into account within the development of the
protection concept.

An informative overview of the reliability methods described in 6.2 and 6.3 is given in 6.4 and

Table 1.
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6.2 AC systems
6.2.1 Power conversion infeed

The protection of the power conversion infeed shall provide main protection for low resistance
fault conditions in the protected section of the power conversion infeed. It can also provide
protection against inadmissible thermal overloads of the power conversion infeed circuit. The
main protection shall discriminate between low resistance fault conditions and maximum loads
caused by train operation as described in 5.2.3.

When the power conversion unit has internal protection functions which can fulfil the function
of main or backup protection these functions may be used.

EXAMPLE | Some oil immersed traction transformers are equipped with Buchholz relay, oil temperaturp and level
monitoring,| possibly supplemented by winding temperature monitoring.

Reliability of the power conversion infeed protection shall be achieved by using at |east one
applicatign of the following reliability methods, depending on the protection'concept ahd taking
into account the overall operation requirements:

e M1: dimultaneous independent redundancy for high energy fault,conditions in the power
convgrsion feeder circuit, which can act also as a backup/(M3) for the doynstream
protegtion;

e M2: cjrcuit local backup protection, which can act also asta backup (M3) for the doynstream
protegtion;

e M3: opverlapping backup protection by the upstteam primary incoming feeder circuit
prote¢tion which may be configured as remote backup protection;

e M4, doncept A: supervision of main protection and tripping of associated circuift-breaker
when|main protection is out of service.

Additiondlly, the power conversion infeed\cCircuit-breaker can be fitted with a circuit-breaker
failure prptection to initiate tripping of the upstream primary incoming feeder circuit-breaker(s)
in the cage of a failure to trip.

In cases where the fault conditionCan continue to be supplied from other sources, the grotection
scheme dhall also initiate disconnection of the fault condition from these sources. Wheh tripping
the powdr conversion infeed circuit-breaker, the downstream circuit-breaker(s) can also be
tripped, gqr disconnector(s) opened subsequently in order to separate the power convérsion.

6.2.2 Busbar infeed

For AC systems-different configurations for the busbar infeed circuit can be used, typigally with
either a gircuit-breaker or a disconnector in the circuit. For AC 16,7 Hz systems thle busbar
infeed ciretitis—typieaty—eaguippea—with—a——eireuit-breaker—either—with—a—dedieated—protection
and/or included in a mass tripping scheme, e.g. busbar protection, frame leakage protection.

Depending on the configuration the following protection requirements shall apply:

a) Circuit-breaker with protection: The protection of the busbar infeed shall provide main
protection for low impedance fault conditions in the busbar. It can additionally provide some
backup protection (M3) for the downstream line protection. The main protection shall
discriminate between fault conditions and maximum loads caused by train operation as
described in 5.2.3. This protection can also provide protection against inadmissible thermal
overloads of the power conversion infeed circuit.

The reliability of this protection shall be increased by using at least one application of the
following methods:

e M2: circuit local backup protection;

e M3: overlapping backup protection by the power conversion protection.
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It can additionally be fitted with a circuit-breaker failure protection to initiate tripping of the
upstream power conversion feeder circuit-breaker in the case of failure to trip.

b) Disconnector: The protection in conjunction with the circuit-breaker in the upstream power
conversion feeder shall also act as the main protection for low impedance fault conditions
in the busbar. In this case the reliability criteria of the upstream power conversion circuit

apply.

Where the busbars are sectioned, e.g. with bus section circuit-breakers or disconnectors, the
protection arrangements should also take into account the feeding configurations, i.e. with the
bus sections connected or separated. Under some of these scenarios, the bus section circuit-
breaker can be considered to be a supplementary infeed.

In cases
scheme $hall also initiate disconnection of the fault condition from these sources. \k¢r busbar
faults it is normally the case that the faulted busbar section is disconnectedfrom]all other
equipment.

The bushar protection requirements set out in this clause may also be~applied to busbars at
other locgtions, e.g. switching stations.

6.2.3 _ine feeder
6.2.3.1 General

The protgction of the line feeder circuit(s) shall provide main protection for low impedance fault
conditionp in the protected section of the contact ling(s); as well as for thermal overlopds.

The main[protection shall discriminate between fault conditions and heavy loads caused by train
operatior] as described in 5.2.3. Main proteetion can generally be provided by digtance or
overcurrgnt protection. Where impedance-based distance protection is employed, timed zones
can be usged to provide selectivity.

For AC systems the reliability of the line protection for the protected section shall be [achieved
by using gt least one application(f;the following methods, depending on the protection concept
and takinlg into account the overall operation requirements:

e M1: sjmultaneous independent redundancy;

e M2: ¢jrcuit local backUp protection able to cover the complete protected section;

e M2 lipnited reach,supported by M4: in case that the circuit local backup protectign cannot
cover|the complete protected section a supervision of the main protection is requifed;

e Ma3: gverlapping backup protection able to cover the complete protected section;

g atha=Yal h ted by MA:- | that th t t f d tacti
° M3 lirrited+reac —supporte y - ih-case atthe next upstream-feederprotection cannot

cover the complete protected section a supervision of the main protection is required; in this
case also additional protection functions integrated in the same device as the main
protection may be used for supplementing redundancy;

e M4: supervision of main protection.

Additionally, a circuit-breaker failure protection can be implemented to initiate tripping of the
upstream feeder circuit-breaker in the case of failure to trip.

In respect of protection for thermal overloads backup protection is not generally required.

Protected sections for AC systems can be defined for the feeding section of each single line or
can consist of a number of parallel lines grouped in one protected section. For grouped
protected sections selectivity between lines should be achieved by sequential switching after
the initial fault clearance period.
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Single protected sections (see Figure 3 for an example) shall be arranged to protect a line
section between two circuit-breakers with protection or a single end section fed by one circuit-
breaker and shall provide selectivity to adjacent line sections.

Protected section Protected section

A4 \ /8 \

Protected section Protected section

IEC

Figure 3 — Example for single protected line sections

Protected section

O 1

IEC

Figure 4 — Example for a grouped protected line section

For grouped protected sections (see Figure 4 for an example) the protection philosophy shall
trip the fill protected section for a fault condition on any line. Following the clearanice of the
fault (i.e.|during the.dead time) further switching operations should be used to isolatg the sub-
section cpntaining-the fault and restore supplies. This may be achieved through the usg of auto-
reclose, pr by the“use of wide-area protection schemes with communications links|between

substatiops within the grouped section.

EXAMPLE T—_For an auto-reclose sysiem ol a grouped protecied section as shown In Figure 4, the main functional
stages of sequential switching in case of a fault condition are as follows:

6)
7)

short circuit occurs in one of the two lines;

the protection systems in the traction substation of both lines initiate a trip;

both line feeder circuit-breakers of the traction substation open and the two lines are de-energized;

after some seconds the under-voltage relays in the switching stations cause the opening of the related circuit-
breakers or disconnectors to achieve the electrical separation of the two lines;

after a further delay of a few seconds (from the electrical separation of the two lines), the two line feeder circuit-
breakers of the traction substation reclose;

the line feeder circuit-breaker connected to the faulty line opens again;

the line feeder circuit-breaker of the healthy line remains closed.

EXAMPLE 2 For a wide-area system as shown in Figure 4 the communication links between substations and
switching stations can be provided using an IEC 61850 series substation automation system. Generally for this type
of grouped protected section the main functional stages of sequential switching in case of a fault condition are as
follows:

1)
2)
3)

short circuit occurs in one of the two lines;

the protection systems in the traction substation of both lines initiate a trip;

both line feeder circuit-breakers of the traction substation open and the two lines are de-energized; healthy
sub-sections are identified during the fault condition;
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4) the intermediate switches on the faulted sub-sections open during the dead time; those on the healthy
sub-sections are blocked from opening;
5) once the switching sequence completes, supplies are restored to the healthy sub-sections only.

6.2.3.2 AC 16,7 Hz - special conditions for line protection
AC 16,7 Hz systems are characterized by:

e meshed areas of the network, where the fault current can reach levels up to the maximum
specified in IEC 62313;

e relatively long duration between successive zero crossings (30 ms);

o the need for very fast fault clearance in order to minimize the risk of equipment damage; in
certain cases clearance of the fault is necessary within the first half-period; this can require
specific protection functions and fast acting circuii-breakers,

e typicdlly double end feeding sections, possibly in combination with T-feeding which may
lead o impedance underreach;

e insuldted overlaps and section insulators, which can be bridged by current cpllectors,
causing re-energization of a faulty section by another feeder at thesame busbar|or at the
next gubstation; this can require special protection settings and/or feeding arrangements as
shown in Figure 5, where an additional line feeder is supplying a short section of the contact

line.
Substation A Substation B or switching station

Additional Line Line Additional

line feeder feeder feeden line feeder

(short length) (short length)
3 1
H— Z

l : 1 1

H | !
.
: \
‘ 2 _— e e, —— —— — ———
H Protection reach of line feeder
1)

Protection reach of additonal line feeder (short length)
—— |Insulated overlap,

Section insulator IEC

Key
1 fault and trip of lineyfeeder
2 bridging of section insulation by current collector and re-energization of faulty section

3 trip of the‘additional line feeder of the short section

NOTE The reactions of feeders of substation B are the same, but are not shown for clarity.

Figure 5 — Example for an extended protected section of an additional line feeder
of a short section by bridged section insulation

6.2.4 Switching station feeder

If the feeders at sectioning and paralleling locations have dedicated protection equipment with
main and backup protection configurations, the requirements of 6.2.3 shall apply.

NOTE Backup protections can be located in another switching station or substation (e.g. overlapping zones of
impedance-based distance protection).

Alternatively these feeders may be configured to operate a switching sequence following the
clearance of the fault to isolate the sub-section containing the fault and to restore supplies.
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6.2.5 Autotransformer

The protection of the autotransformer, where dedicated circuit-breakers are installed, shall
provide main protection for low impedance fault conditions. It should also cover inadmissible
thermal overloads. Generally, in this case the protection in the line feeder can act as the remote
backup protection (M3) of the Autotransformer.

Where autotransformers are connected by disconnectors or switch-disconnectors with
insufficient switching capacity for clearing the fault, the protection shall initiate fault clearance
by tripping non-dedicated circuit-breakers.

This can be by:

e remofe detection and tripping of the line or switching station feeder; or

e local fdetection and intertripping of remote circuit-breakers.

In this case the reliability methods are inherently defined by those of the nenidedicatdd circuit-
breakers|protection.

In additign low current fault conditions can be cleared by local switch-disconnectors.

When thg autotransformer has internal protection functions, these'may be used in the grotection
concept.

EXAMPLE | Some oil immersed traction transformers are equipped\with Buchholz relay, oil temperaturp and level
monitoring,| possibly supplemented by winding temperature monitoning.

Depending on the importance and selectivity (requirements with regard to the iIndividual
autotrandformer stations, additional protection\sChemes which apply the reliability mgthods in
5.2.2 can be provided.

6.3 DG systems

6.3.1 Power conversion infeed

The protgction of the AC power conversion infeed circuit-breaker shall provide main grotection
for low inpfpedance fault conditions in the protected section of the power conversion infeed.

This protection shallalso provide protection against inadmissible thermal overloadg. Usually
the powdr conversion feeder circuit-breaker is the only protection for the AC/DC converter in
respect df thermal-overload. Consequently, the protection of the power conversion fegder shall
take into[account the withstand capability and maximum fault clearance time as degcribed in
IEC 62590:2019.

NOTE According to IEC 62590:2019 the converter of a traction substation is designed to sustain a short circuit for
at least 150 ms, unless agreed otherwise between purchaser and supplier.

The main protection shall discriminate between fault conditions and maximum loads caused by
train operation as described in 5.2.3.

When the power conversion unit has internal protection functions which can supplement the
function of main or backup protection these functions may be used.

EXAMPLE Some oil immersed traction transformers are equipped with Buchholz relay, oil temperature and level
monitoring, possibly supplemented by winding temperature monitoring. Some dry type transformers are equipped
with winding temperature monitoring. Some rectifiers are equipped with diode fuse protection and/or temperature
monitoring. Some controlled converters can actively limit or interrupt their current flow and/or initiate disconnection.
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Reliability of the power conversion infeed protection shall be achieved by using at least one
application of the following reliability methods, depending on the protection concept and taking
into account the overall operation requirements:

M2: circuit local backup protection able to cover complete protected section;

M3: overlapping backup protection by the upstream primary incoming feeder circuit
protection which may be configured as substation local or remote backup protection;

M3 limited reach, supported by M4: in cases where the upstream feeder protection cannot
cover the complete protected section supervision of the main protection is required;

M4 concept A: supervision of main protection and tripping of associated circuit-breaker when
main protection is out of service.

Additiondlly the power conversion infeed circuit-breaker can be fitted with a cirguit-breaker
failure prptection to initiate tripping of the upstream primary incoming feeder circdit-breaker(s)

in the cage of failure to trip.

In cases Where the fault condition can continue to be supplied from other sburces the grotection
scheme dhall also initiate disconnection of the fault condition from these . sources. Wheh tripping
the powelr conversion feeder circuit-breaker the downstream DC busbar feeder circuift-breaker
should also be tripped or disconnector opened subsequently in_order to separate the power

conversion.

For specl|al applications of power conversion units, e.g. lihe ‘commuted inverters, thd opening

of the upgtream and downstream breakers needs to be ¢oordinated.

EXAMPLE | Typically for line commutated inverters the DC side opens first and the AC side later with sojne delay in

order to avpid commutation failure.

6.3.2 DC busbar infeed

For the OC busbar infeed different principle configurations can be used, typically with either a

circuit-breaker or a disconnector in the eircuit.

Depending on the configuration the following protection requirements shall apply:

Circult-breaker with proetection: The protection shall provide main protection for low
resistpnce fault conditions at the busbar. Additionally, it can provide some ovgrlapping
backyp protection, (M3) for the downstream line protection. The main protecllion shall
discriminate between fault conditions and maximum loads caused by train opefration as
descrjbed in 5:2%3.

The reliability’ of this protection shall be increased by the upstream protection pacting as
overlapping backup protection (M3). Additionally, it can be fitted with a circuit-brealer failure
proteg¢tion to initiate tripping of the upstream power conversion feeder circuit-breaker in the
case of failure to trip.

Due to the nature of the direct acting device generally used in the line feeder circuit-breaker,
(e.g. direct overcurrent release), selectivity for high current faults on the line can be
impossible.

NOTE 1 Even if the line feeder protection has opened, the busbar feeder will open as well because a reset of
the triggering of the protection function is not possible with a direct acting device.

In case of internal faults in a converter a reverse current protection can be used to prevent
reverse fault currents fed by the other converter(s) or from the lines.

In case the busbar infeed circuit-breaker connects regenerative power absorbing equipment
to the DC busbar the according protection of the circuit-breaker shall provide main protection
for low impedance fault conditions in the regenerative power absorbing unit. For energy
storage systems, the circuit-breaker protection shall also provide main protection for low
resistance fault conditions at the busbar.
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When the regenerative power absorbing equipment has internal protection functions which
can supplement the function of main or backup protection these functions may be used.

When tripping the busbar feeder circuit-breaker the downstream line feeder circuit-
breaker(s), in conjunction with any bus-section/bus-coupler circuit-breaker(s), can also be
tripped in order to separate the busbar.

Circuit-breaker without protection, or disconnector: The protection in conjunction with the
circuit-breaker in the upstream power conversion feeder shall also act as the main protection
for low resistance fault conditions in the busbar.

Examples for protection functions and characteristics that can be used and further details are
described in IEC 61992-7-1.

NOTE 2 IR TEC 6T99Z-7-T this feeder Is referred 10 as rectiier circuii-breaker with tunctional designagon (R).

If the busbars are sectioned, e.g. with bus section circuit-breakers or disconnedgtors, the
protection arrangements should also take into account the possible feeding configurations, i.e.
with the [sections connected or separated. Under some of these scenarios\’the bup section

circuit-breaker can be considered to be a supplementary infeed.

6.3.3 ine feeder

The protgction of the line feeder circuit(s) shall provide main prdtection for low resistance fault
conditionp in the protected section of the contact line(s)./This protection can als¢ provide

protection against inadmissible thermal overloads.

Depending on the line configuration, i.e. separation byymeans of switching stations with circuit-

breakers|and associated protection, one or more zenes of protection can apply.

DC high|speed current limiting circuit-breakers of class H according to IEC 61992-1 are
generally| fitted with a direct acting device, e.g. direct overcurrent release or direct acting falling

voltage relay, which may be used as the-main protection.

NOTE 1 1EC 61992-1 distinguishes between)H-, V-, and S-breakers. Typically class H breakers are usedl in DC line

feeder protgction.

The main protection shall discriminate between fault conditions in its protected se¢tion and

large loadl currents caused by train operation as described in 5.2.3.

For DC slystems the. reliability of the line protection for the protected section shall be [achieved
using at |east one-application of the following methods, depending on the protectior] concept

and takinlg into_aceount the overall operation requirements:

M1: sjmiultaneous independent redundancy;

EXAMPLE The direct overcurrent release of a DC high-speed circuit-breaker providing coverage for the full
extent of the protected section can be defined to ensure reliability classification M1 for the indirect overcurrent
release which is providing the main protection.

M2: circuit local backup protection able to cover the complete protected section;
M2 limited reach:

1) supported by M3: in case that the circuit local backup protection cannot cover the
complete protection section, intertripping of the circuit-breaker of the respective adjacent
feeder is required; or

2) supported by M4: in case that the circuit local backup protection cannot cover the
complete protected section, a supervision of the main protection according to 5.2.2 is
required; additionally a circuit-breaker failure protection may be implemented to initiate
tripping of the upstream feeder circuit-breaker in the case of failure to trip;
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e M3 limited reach, supported by M4: in cases where the next upstream feeder protection
cannot cover the complete protected section, supervision of the main protection shall be
provided; additionally a circuit-breaker failure protection may be implemented to initiate
tripping of the upstream feeder circuit-breaker in the case of failure to trip.

In respect of protection for thermal overloads, backup protection is not generally required.

Examples for protection functions and characteristics that can be used and further details are
described in IEC 61992-7-1.

NOTE 2 In IEC 61992-7-1 this feeder is referred to as "Line circuit-breaker" with functional designation (L).

6.3.4 Switching station feeder

If the fee
main and

Alternatiy

clearance of the fault to isolate the sub-section containing the fault and ‘restore suppl

6.3.5

backup protection configurations, the requirements of 6.3.3 shall apply.

ely, these feeders can be configured to operate a switching seguence follg

Frame leakage protection

In DC su

Insulation fault conditions within the DC switchgear and rectifier cubicle are detected b
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as descri
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shall als
intertripp

The franpe leakage protection ,can” provide some backup protection (M3) for tH
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Table 1 — Overview of reliability methods

Location of
protection 2

Options for reliability methods: P
(Subclause 5.2.2)

Power Conversion
infeed

General:

transformer internal protection and/or converter internal protection

AC systems, Subclause 6.2.1

M1: simultaneous independent redundancy

M2: circuit local backup protection

M3: overlapping backup protection by upstream incoming feeder protection

M4, concept A: supervision of main protection

IEC

DC systems, Subclause 6.3.1:
M2: circuit local backup protection
M3: overlapping backup protection by primary incoming feeder protection

M3 limited reach, supported by M4: upstream protection together with’supervisign of main
protection

M4, concept A: supervision of main protection

Busbar infeed

IEC

AC systems with circuit-breaker, Subclause 6.2.2:

M2: circuit local backup protection

M3: overlapping backup protection by power conversion protection

DC systems with circuit-breaker, Subclause 6¢{3.2:

M3: overlapping backup protection by power conversion feeder protection
AC and DC systems with disconnector®

busbar fault protection by upstream power conversion feeder

Line Feeder

AC systems, Subclause.6.2.3:
M1: simultaneous independent redundancy
M2: circuit local backup protection

M2: limitedteach, supported by M4: circuit local backup protection together with
supervisiof~of main protection

M3: dverlapping backup protection able to cover the complete protected section

M3 limited reach, supported by M4: next upstream protection together with supgrvision of
main protection

M4: supervision of main protection
DC systems, Subclause 6.3.3:

M1: simultaneous independent redundancy

IEC

M2: circuit local backup protection

M2: limited, supported by M3: circuit local backup protection together with intertripping of
adjacent feeder

M2: limited, supported by M4: circuit local backup protection together with supervision of
main protection

M3: limited, supported by M4: next upstream protection together with supervision of main
protection
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Location of
protection 2@

Options for reliability methods: °

(Subclause 5.2.2)

Switching station
feeder

AC systems, Subclause 6.2.4:

DC systems, Subclause 6.3.4:

For circuit-breaker with dedicated protection see requirements of line feeder.

For circuit-breaker with dedicated protection see methods for line feeder (DC systems).

Autotransformer General

transformer internal protection

] ] IEC

AC systems with CB, Subclause 6.2.5:
M3: overlapping backup protection by line feeder protection
AC systems with disconnector, Subclause 6.2.5:

Reliability methods for the non-dedicated circuit-breakers
(see line or switching station feeders)

b All opfions that are described in 6.2 and 6.3.

¢ This typically does not apply for 16,7 Hz systems.

a8 The afrangement of the equipment is illustrative only.

7 Limitations and residual risks

In genergl, the protection system maonitors parameters such as voltages and currentq in terms
of amplithde, phase, rate of rise,.frequency, etc., depending on the application. If ope of the
process parameters is out of the.intended range the protection will initiate a predefingd action.
Not all fault conditions can be detected by the protection systems. Limitations of grotection

systems fand generic residualrisks are given in Table 2.

Table 2 — Limitations of protection systems and generic residual risks

| imitations of protection systems

Residual risks

Certain falult conditions with high fault impedance
occur infregdently and cannot be detected where the
voltage afd ctrrent remain within the permissible

The consequences of undetected fault condit|ons, e.g.
dissipation of energy caused by high resistance faults
can be accepted in terms of damage of equipment.

range for the intended operation of the system.

Also, experience shows that injuries of persons
caused by undetected faults of this nature are rare
events for electric traction power supply systems
which comply with the relevant standards, e.g. the
IEC 62128 series.

A finite time duration between occurrence of a fault
and the successful completion of the predefined action
to terminate the fault current is inevitable.

The time duration between the occurrence of a fault
and the predefined action including back up protection
is an accepted time at risk.

Where a single universally valid predefined action of
the protection does not exist, according to 5.2.1, the
required response of the protection system is agreed
with the responsible entity, e.g. Infrastructure
Manager.

In this case the residual risk for the protection system
can be accepted.
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Limitations of protection systems

Residual risks

The concept of supplementing redundancy in the
architecture of the protection system has certain
limitations, e.g. in terms of time, location or special
operation cases, selectivity, etc.

It may be accepted that backup protection has
reduced sensitivity, reduced selectivity and/or longer
reaction time and can result in certain parameters
exceeding the permissible range of the system design,
e.g. higher let-through energy and longer time
duration for touch voltage.

Bridging of electrical sections by the current collector
of a train can influence the performance of the
protection system.

EXAMPLE 1 |If a train enters a faulted section through
an insulated overlap or section insulator, the fault will
be re-energized through the overlap or section
insulator to create an extended section. Protection of

This residual risk for the protection system can be
accepted where agreed with the responsible entity.

NOTE The residual risk is based upon the probability
and severity of the event. If the residual risk is low no
additional protection provisions are envisaged. In other
cases additional provisions can be needed.

this extended section is then dependent on the line
feeder prgtection of the adjacent section from which
the train nuns into the faulted section.

For this ekample, the risk is that a fault of the
extended |section which is not cleared will result in a
fault arc which continues after the train leaves the
overlap s¢ction or section insulator, which can result in
overhead|line damage. The probability of a train
running into the faulted section is dependent upon the
nature of the line and traffic, and hence there is no
single solption to be adopted in this case.

EXAMPLHE 2 In the event of trains bridging an
insulated ection and in the same moment occurrence
of a fault |n the respective electrical section the
detection jof a fault can be influenced, see 6.2.3.2.
This is copsidered to be a very low probability event.

Under the precondition that the requirements given in this document, as well as in dpplicable
system gnd equipment standards, e.g.-the |IEC 62128 series and IEC 61936-1 (for| earthing
requiremgnts) are met and the limitations are considered in the operational| concept

respectively, the residual risks of the protection system in Table 2 are accepted.

8 Design verification

Verificatipn shall be carried out by design review, checking the compliance of the grotection

concept yith the mandatory requirements specified in this document.

NOTE Other verification and validation activities associated with later stages of implementing the goncept are

outside the|scope of this document, but are envisaged, e.g. testing and commissioning.
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Annex A
(informative)

Examples of protection schemes

based on the

requirements in this document. These examples can provide a basis for a scheme, but they
need to be modified according to the individual system requirements.

A2 D

Accordin
in Figure
protectio

pscription of the structure of the protection scheme examples

g to the architecture of the electrical traction system, shown in the singl€ line
A.1, Figure A.2, Figure A.3, Figure A.4, Figure A.5 and Figure A,6,ah exam
n functions is defined for each protected section (e.g. busbar feeder protecti

diagrams
ble of the
bN).

The protgction functions and reliability methods are structured in@ matrix. The columns show

the main
each row

The func
protectio

For each

ional blocks, describing the main protection and reliability method with corre
n functions, shown in the same colour are integrated in the same device.

trip signdl, are set out, as well as the maximum allowable times.

considered fault or
abnormal condition

Sy fault conditon

circuithreaker

Busbar

Main protection or
reliability method

Functional block

protection and reliability method for the specified fault*anhd abnormal conditions. In
, corresponding to one protected section, the protection devices and their
are showpn.

functions

sponding

protection function inputs, e.g. measurément transformers, and outputs, forlexample

Input: Sensors

t

main protection & (the same colour means the
CBA busbar s same device)
CTA protection A+B
t
CTA current transformer
voltage transformer
A
Protected Section
Busbar
-~ . .
'y protection-function
CBB M3: backup prOtectio:/
impedance | LT .
?[‘I{_IB/ protection Z<| CB ¢ Output: Trip signal
CTB (reverse)

Maximum allowable times

(e.g. maximum fault clearance time,

grading time, etc.)

IEC

Figure A.1 — Key for protection scheme, example of protected section 'busbar’
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A.3 Protection scheme examples

power conversion busbar contact line overload
fault condition fault condition fault condition
CBO %
t
CBA
Power . CTA differential CBA cT overcurrent CBA overcurrent CTA/ thermal CBA
conversion CTB | protection protection >t protection >t Temp. protection
tank earth-fault
feeder CTA CTE = otaction ( CBA [ t M| t
t
M2: backup protection M2: backup protection (l/b‘
overcurrent t
CTE || o1h | e A ||| ora o can Q
t ’(1/
t Q) .
= - 1
- M1: independent
dundancy b'»
CTB -
buch- buchholz
‘ holz protection ‘ CBA ‘ 65
Busbar < )
feeder \@
@ VT B I 3 i
M3: backup protection main protection main protection|
7777777 impedance 4\ CTC/ | impedance crc/ ‘ therrpal
Line CBC cres plrr:tzectiz:czi Cﬁ\ " VTB protectionz< B¢ ‘ Temp. protection cee
feeder (reverse) ‘ cTe ‘ high overcurrent o
t Q@ protection 1>>>
y b\ t |
{ ctc R\
M4: isi
) @ supervision
\ live - "
signal vital functions | Alarm
,\,O M2: backup protection,
\b limited reach
N cTC overcurrent cBC
\\ l protection 1>t
Contact \/ R C) t
Line § + IEC
Figufe A.2 — Exa ﬁé of a protection scheme for AC 50 Hz electric traction power
ly systems without busbar infeed circuit-breaker
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power convt_e_rsion busba_r _ contact I_ir_1e overload
fault condition fault condition fault condition
CBO
CTA/ differential overcurrent CTA/ thermal
Power CBA protection CTA protection >t Temp. protection CBA+B
conversion t
feeder
~ redu L1 1]
CTA differential overcurrent | CTA/ thermal
CTB protection CBA+B CTA protection 1>t CBA+B | Temp. protection CBAB
t t
M1: independent
redundancy
buch- buchholz
u holz protection
) ctB
” overcurrent overcurrent
CTB protection >t CBB CTB protection >t
Busbar CBB t
feeder M1:Independent | M3:ba
| || HEEEEN EEEE [ ] =
overcurrent overcurren
CTB protection 1>t CBB CTB protection’ 1>’ BB
t AN
N
vie i
main/pr ion main protection
impedance CTC/ thermgl
Line CBC @ protection Z< cBC ‘ ‘ Temp. protecfion l cBC ‘
feeder N cTC high overcurrent cBC
Q protection I>>>
overcurrent
™ cTC &0 ‘ cTe protection > CBC ‘
i Q) cTC Deftal cBC
\? protection
N ‘
’\@ M4: supervision
O s:g:al vital functions | Alarm ‘
Contact ' \b
Line o
< \’\ IEC
*
*
Figure A.3 — Example @ protection scheme for AC 50 Hz electric traction power
sup ystems with busbar infeed circuit-breaker
@’
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power conversion
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%% | fuse protection CBA+B [
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[ redundancy limited reach -~
Busbar | Shunt reverse CcB cpp directovercurrent oo Shunt | direct ovemurrent\@’B'
feeder 51 cBB B overcurrent >t A+B release, Imax B release, Imax
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Sl t/ \J
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Shunt B ‘ B release, Imax CBB ‘ O
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Li &0 release, Imax ‘ ShuntC ‘ proteftion cBC
ine |
. cBC : .
feeder ' Q@ M1: main 2 protection
[mar Q0
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f[ $ C release, Imax
Shunt "
Shunt C &g © | Deltalprotection  CBC
t
—N uB xO :
\ J M2: backup protection
E Shunt overcurrent
’\\Ca C protection 1>t cBC
Shunt . "
di/dt protection | CB C
Contact C) c
. . UB undervoltage cBC
Line * protection
t
O M3: backup protection at
adjacent station
. (x = remote)
by intertripping
Shunt overcurrent
v C)a C(x) protection >t | °BC
Shunt " "
% cw di/dt protection | CB C
< ) UB(x) undervoltage | g
@ protection
\ t
IEC

NOTE Shunt can be replaced by any other type of sensor, such as Hall sensors or optical fibre sensors

Figure A.5 — Example of a protection scheme for DC electric traction power supply
systems with busbar infeed circuit-breaker
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Annex B
(informative)

Example of a protection concept for a 25 kV line section

B.1 Overview

This example of a protection concept is based on a 25 kV line feeder applied in a wide-area
system of grouped protected section corresponding to the Example 2 given in 6.2.3.1. A
functional scheme and concept may be developed for a conventional, hard-wired protection
scheme using protection relays, or for a modern IEC 61850 series substation automation

system. ThiS example demonsiraies application ol a substation automation system gpproach,
and henge the architecture and terminology are related to the application of the UBEC 61850
series supstation architecture.

The purppse of this annex is to serve as an example, outlining the basic contents of a grotection
concept.| The detailed protection setting values and also the details of implementation
requiremgnts shown in this annex are not intended to be taken’ as best practice or
recommendation, but as an implementation example. As set out in-the normative tgxt, these
aspects Ind the detailed values are subject to be defined in the integrated process ¢f system
and protéction design, which would follow the concept and hence are not discussgd in this
annex.

The text pelow is written from the perspective of a protection concept designer.

B.2 Protection concept

This protection concept sets out the principles of line feeder protection to be applied to the
classic 25 kV line section given in_@Figure B.1, which incorporates a substatign, three
intermediate paralleling posts and a.sectioning post. An IEC 61850 series intelligent g¢lectronic
device (IED) is installed on each bay (A1, A2, A3, ..., B4, B5), and the diagram shows|the main
protection functions for A1 and A2;"The remaining functions are omitted here for clarity.

A5
Substat] Feeder A X Sectionirjg Post
Feeder B B3

A2 \ \ ;z A3 \ \ ;3 A4 \ \ §B4
&3

Figure B.1 — System single line diagram

The full section shown in Figure B.1 will be isolated as a grouped protection section, both track
feeders being tripped and cleared following a fault by the boundary circuit-breakers (A1, B1,
A5, B5). At the intermediate paralleling posts, the switches will remain closed during the fault.
During the dead time, the intermediate switches on the faulted line will open, and then supplies
will be restored to the healthy line.
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