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Foreword

The text of document 9/1918/FDIS, future edition 3 of |EC 61287-1|, prepared by IEC/TC 9 "Electrical
equipment and systems for railways" was submitted to the IEC-CENELEC parallel vote and approved
by CENELEC as EN 61287-1:2014.

The following dates are fixed:
— latest date by which the document has to be implemented at (dop) 2015-05-14
national level by publication of an identical national

standard or by endorsement

— latest date by which the national standards conflicting with (dow)  2017-08-14
the document have to be withdrawn

This document supersedes EN 61287-1:2008.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 61287-1:2014 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

NOTE Harmonized as .

NOTE Harmonized as EN 60146-1-1.

IEC 60216 NOTE Harmonized in EN 60216 series (not modified).
NOTE Harmonized as .

NOTE Harmonized as .

[EC 60664-1:2007 NOTE Harmonized as (not modified).
NOTE Harmonized as .

NOTE Harmonized as .

NOTE Harmonized as .

NOTE Harmonized as .

NOTE Harmonized as .
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is
available here: www.cenelec.eu.

Publication Year Title EN/HD Year

EC 60050-551 1998 International Electrotechnical Vocabulary -
(IEV) -
Part 551: Power electronics

1991 International electrotechnical vocabulary - -

m
O
o
S
S
a1
P
oS
-—
—

(IEV) -
Chapter 811: Electric traction

EC 60076-10 2001  Power transformers - N 60076-10 2001
Part 10: Determination of sound levels

IEC 60077-1 (mod) 1999  Railway applications - Electric equipment N 60077-1 2002

for rolling stock -
Part 1: General service conditions and
general rules

EC 6027 - High-voltage test techniques - N 60270 -
Partial discharge measurements

EC 6031 - Railway applications - Traction N 60310 -
transformers and inductors on board
rolling stock

EC 60322 - Railway applications - Electric equipment N 60322 -

for rolling stock - Rules for power resistors
of open construction

EC 60349-1 - Electric traction - Rotating electrical -
machines for rail and road vehicles -

Part 1: Machines other than electronic

converter-fed alternating current motors

Electric traction - Rotating electrical -
machines for rail and road vehicles -

Part 2: Electronic converter-fed alternating

current motors

Electric traction - Rotating electrical -
machines for rail and road vehicles -

Part 4: Permanent magnet synchronous

electrical machines connected to an

electronic converter

EC 60349-2

EC 60349-4
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Title

Fixed capacitors for use in electronic
equipment -

Part 4: Sectional specification - Aluminium
electrolytic capacitors with solid (MnO,)
and non-solid electrolyte

Degrees of protection provided by
enclosures (IP Code)

Railway applications - Electronic
equipment used on rolling stock

Classification of environmental conditions -
Part 3: Classification of groups of
environmental parameters and their
severities -

Section 5: Ground vehicle installations

Semiconductor devices

Railway applications - Supply voltages of
traction systems

Terminal markings for valve device stacks
and assemblies and for power conversion
equipment

Railway applications - Rolling stock
equipment - Shock and vibration tests

Railway applications - Rolling stock
equipment - Capacitors for power
electronics

Railway applications - Rolling stock -
Protective provisions against electrical
hazards

Railway applications - Electromagnetic
compatibility -

Part 3-1: Rolling stock - Train and
complete vehicle

Railway applications - Electromagnetic
compatibility -
Part 3-2: Rolling stock - Apparatus

Railway applications - Specification and
demonstration of reliability, availability,
maintainability and safety (RAMS)

Railway applications - Insulation
coordination -

Part 1: Basic requirements - Clearances
and creepage distances for all electrical
and electronic equipment

Railway applications - Environmental
conditions for equipment -
Part 1: Equipment on board rolling stock
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RAILWAY APPLICATIONS -
POWER CONVERTERS INSTALLED
ON BOARD ROLLING STOCK -

Part 1: Characteristics and test methods

1 Scope

This part of IEC 61287 defines terminology, service conditions, general characteristics and test
methods of electronic power converters onboard of rolling stock.

This International Standard is applicable to power electronic converters mounted on board
railway rolling-stock and intended for supplying

— traction circuits;

— auxiliary circuits of power vehicles, coaches and trailers.

The application of this standard extends as far as possible to all other traction vehicles,
including trolley-buses, for example.

This standard covers the complete converter assembly together with its mounting arrange-
ments containing

— semiconductor device assemblies;

— integrated cooling systems;

— integrated components like inductors, capacitors, transformers, resistors, contactors,
switches;

— semiconductor drive units (SDU) and related sensors;

— incorporated protection circuits.
The following types of power sources are taken into consideration:

— AC contact lines,

— DC contact lines,

— on-board supplies such as generators, batteries and other electric power sources.

This standard excludes converters which provide the electronic control supply for

semiconductor drive units (SDU) and other supplies relevant to the converter operation such as
Sensors.

NOTE 1 Electronic control equipment of converters and those sensors not related to semiconductor drive units
and the printed circuit board assemblies of semiconductor drive units (SDU) are covered by IEC 60571.

NOTE 2 Combined tests with the whole traction system or auxiliary supply system are not within the scope of
this standard. E.g. rules for combined tests of a motor fed by a converter are given in the |EC 61377 series.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.
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IEC 60050-551:1998, International Electrotechnical Vocabulary (IEV) — Part 551: Power
electronics

IEC 60050-811:1991, International Electrotechnical Vocabulary — Chapter 811: Electric traction

|EC 60076-10:2001, Power transformers — Part 10: Determination of sound levels

IEC 60077-1:1999, Railway applications — Electric equipment for rolling stock — Part 1. General
service conditions and general rules

EC 60270, High-voltage test techniques — Partial discharge measurements
EC 60310, Railway applications — Traction transformers and inductors on board rolling stock

EC 60324, Railway applications — Electric equipment for rolling stock — Rules for power
resistors of open construction

EC 60349-1|, Electric traction — Rotating electrical machines for rail and road vehicles — Part 1:
Machines other than electronic converter-fed alternating current motors

EC 60349-2, Electric traction — Rotating electrical machines for rail and road vehicles — Part 2:
Electronic converter-fed alternating current motors

EC 60349-4, Electric traction — Rotating electrical machines for rail and road vehicles — Part 4:
Permanent magnet synchronous electrical machines connected to an electronic converter

EC 60384-4, Fixed capacitors for use in electronic equipment — Part 4: Sectional specification
— Aluminium electrolytic capacitors with solid (MnO,) and non-solid electrolyte

EC 60529, Degrees of protection provided by enclosures (IP Code)
IEC 60571, Railway applications — Electronic equipment used on rolling stock

EC 60721-3-5, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 5: Ground vehicle installations

IEC 60747 (all parts), Semiconductor devices — Discrete devices
EC 60850, Railway applications — Supply voltages of traction systems

EC 61148, Terminal markings for valve device stacks and assemblies and for power
conversion equipment

EC 61373, Railway applications — Rolling stock equipment — Shock and vibration tests

EC 61881 (all parts), Railway applications — Rolling stock equipment — Capacitors for power
electronics

IEC 61991, Railway applications — Rolling stock — Protective provisions against electrical
hazards

IEC 62236-3-1, Railway applications — Electromagnetic compatibility — Part 3-1: Rolling stock
— Train and complete vehicle
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IEC 62236-3-2, Railway applications — Electromagnetic compatibility — Part 3-2: Rolling stock —
Apparatus

IEC 62278, Railway applications — Specification and demonstration of reliability, availability,
maintainability and safety (RAMS)

IEC 62497-1:2010, Railway applications — Insulation coordination — Part 1: Basic requirements
— Clearances and creepage distances for all electrical and electronic equipment
IEC 62497-1:2010/AMD1:2013

IEC 62498-1:2010, Railway applications — Environmental conditions for equipment — Part 1:
Equipment on board rolling stock

3 Terms and definitions

For the purposes of this document, the terms and definitions given in JEC 60050-551:199§ and
IEC 60050-811:1991, as well as the following, apply.

3.1 General

3.11

user

party which is responsible for the specification and the integration of the power converter into
the railway vehicle

3.1.2
manufacturer
party which designs and manufactures the power converter

3.1.3

railway authority

organization which allows vehicle operators to operate railway vehicles and defines rules for
safe operation

314
test specification
document that specifies the requirements for one or more tests

Note 1 to entry: For instance test acceptance criteria, test conditions, test methods.

Note 2 to entry: According to the specific terminologies used in the quality management systems of various
organisations that perform tests on power converters for rolling stock, this document may have another title e.g.
test plan.

3.2 Terms and definitions related to equipment

3.21

(electronic) (power) converter

an operative unit for electronic power conversion, comprising one or more electronic valve
devices, transformers and filters if necessary and auxiliaries if any

Note 1 to entry: A converter is defined by the input and output electrical characteristics. The converter may
comprise a discrete chopper, inverter, etc. or a combination of these not necessarily in one cubicle.

Note 2 to entry: The converter is a part of the propulsion (or auxiliary) equipment. The converter may include, for
example, a line circuit breaker, filter, transformer, cooling system, etc.

[SOURCE: JEC 60050-551:199§, 551-12-01]
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3.2.2
traction converter
converter providing traction power

3.23
auxiliary converter
converter providing power for auxiliary services

Note 1 to entry: For example, lighting, battery charging, air conditioning, cooling (main service), control circuits,
etc.

3.24
direct converter
an electronic converter without an intermediate link

3.2.5
indirect converter
an electronic converter with an intermediate link

3.2.6

converter system

system consisting of several converters required to operate connected together, each having
different input and/or output characteristics and which also have different functional
connections

Note 1 to entry: A converter system is defined by a system specification in addition to the individual specification
of each different converter making up the system.

3.2.7
converter windings
windings of a transformer connected to the terminals of the converter

3.2.8
auxiliary winding
a winding or part of a transformer winding which supplies the auxiliary circuits

[SOURCE: IEC 60050-811:1991, 811-26-12]

3.2.9

semiconductor device

device whose essential characteristics are due to the flow of charge carriers within a semi-
conductor

Note 1 to entry: The definition includes devices whose essential characteristics are only in part due to the flow of
charge carriers in a semiconductor but that are considered as semiconductor devices for the purpose of
specification.

[SOURCE: IEC 60050-521:2002, 521-04-01]
3.2.10
input and output

input is the side which absorbs active power in motoring operation, the output side being that
which delivers active power in motoring operation

Note 1 to entry: Electrical isolation. If individual electrical circuits (for example, input, output, control circuit) are
specified as isolated, then the circuits are galvanically separated.
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3.3 Terms and definitions related to electrical parameters

3.31
load profile
curve to illustrate the variance of current/power versus time under specified conditions such as

— for traction converter: starting and braking of the vehicle;

— for auxiliary converter: starting and steady state running periods of the auxiliary loads;

the line voltage is also considered

3.3.2
maximum instantaneous current
maximum specified current which the converter can commutate for a specified voltage

3.3.3

transient

pertaining to, or designating, a phenomenon or quantity which varies between two consecutive
steady states during a time interval short compared with the time-scale of interest

[SOURCE: |EC 60050-702:1999, 702-07-78]

3.34
harmonic component
sinusoidal component of a periodic quantity having a harmonic frequency

[SOURCE: |[EC 60050-551:199§, 551-20-07]

3.3.5

DC ripple factor

the ratio of half the difference between the maximum and minimum value of a pulsating direct
current to the mean value of this current

Note 1 to entry: With low values of the DC ripple factor this quantity is approximately equal to the ratio of the
difference to the sum of the maximum and the minimum value.

/2 x1

max_[min) mean

Note 2 to entry: DC ripple factor = (/

[SOURCE: |EC 60050-551:1998§, 551-17-29]

3.3.6
nominal value
value of a quantity used to designate and identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

[SOURCE: IEC 60050-151:2001, 151-16-09]

3.3.7

rated value

value of a quantity used for specification purposes, established for a specified set of operating
conditions of a component, device, equipment, or system

Note 1 to entry: Generally defined by the manufacturer.

[SOURCE: IEC 60050-151:2001, 151-16-08]
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3.3.8

operating point value

quantity value assigned, generally by the user, for a specified operating condition of a
component, device or equipment

3.3.9

special value

quantity value assigned, generally by the user, for expected fault conditions within the supply or
the load of a converter

4 Common clauses

4.1 General
411 Design

The design process shall be visible and audible.

If the user requires details of this process for tender evaluation, the user shall define this in the
tender documents.

4.1.2 Marking
4.1.2.1 Nameplate

The converter shall be provided with a nameplate which shall be readable during the useful life
of the converter and on which at least the following is inscribed:

manufacturer’s mark;

— number of main drawing and revision number and/or type designation;
— serial number;

— year of manufacture;

— mass.
4.1.2.2 Main terminals

The marking of the main terminals shall comply with the specifications given in |[EC 61148.

4.1.3 Technical documentation
4.1.3.1 Documentation supplied by the manufacturer

Documentation about the use and maintenance of the converter shall be provided by the manu-
facturer and shall include the following:
— device description (including functional description and technical data);

— type and routine test specification (list of tests, test methods, limits, tolerances, test
conditions, acceptance criteria);

— results of the specified tests (test certificate);
— commissioning instructions;
— operating instructions;
— maintenance instructions;
— repair instructions;
— description of special tools for maintenance and repair purposes, if any;
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— training programme and supporting media, to be detailed by agreement between the
manufacturer and the user;

— declaration of materials which are required to be treated as special waste, when they are
removed from service (either alone or with the converter).

4.1.3.2 Documentation to be supplied by the user

The user shall, if necessary, furnish a specification, which is primarily intended to give details
of the agreements listed in Annex B. It is only necessary to enter an item in the specification if
it differs from the normal requirement in this standard. The specification may also contain:

— general technical description of the application;

— special service conditions;

— supply system characteristics;

— load profile and duty cycles;

— EMC requirements;

— cooling requirements;

— ambient conditions;

— safety measures including fire behaviour requirements;

— features of electrical and mechanical design;

— details of the available maintenance and repair facilities.

Requirements shall be clear and univocal.

For example, statements which are not quantified like “Equipment shall not interfere with
signalling and telecommunication facilities.” are not acceptable.

4.1.4 Reliability, availability, maintainability and safety
41.41 Reliability

The user may require the manufacturer to predict the reliability figure or meet the user’s
reliability target. The method of calculation shall be agreed between the manufacturer and the
user at the time of tendering.

The specification and verification of the reliability requirements shall be in accordance with
IEC 62278.

4.1.4.2 Availability

The user may require the manufacturer to predict the availability figure or meet the user’s
availability target. The method of calculation shall be agreed between the manufacturer and the
user at the time of tendering.

The specification and the method of calculation and verification shall be in accordance with
IEC 62278.

4.1.4.3 Maintainability

Maintenance requirements shall be defined by the user at the time of tendering. In addition, the
equipment manufacturer shall define what maintenance procedures are necessary or
prohibited. The maintenance procedure shall be agreed between the manufacturer and the
user.

The specification and verification of these requirements shall be in accordance with IEC 62278.
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4.1.4.4 Safety

Safety requirements shall be defined by the user at the time of tendering and agreed with the
manufacturer.

The specification and verification of the safety requirements shall be in accordance with
IEC 62278.

41.5 Useful lifetime

At the time of tendering, the useful lifetime of the converter shall be agreed between the
manufacturer and the user. If the manufacturer intends to use components with a known life
less than the useful life of the converter, their use and procedures for their regular replacement
shall be agreed.

Recommendation of spare parts is given by the manufacturer.

4.2 Service conditions
4.2.1 General

The classes of service conditions described in IEC 62498-1 shall be applied unless different
classes are specified by the user. The user shall specify clearly in his specification the class to
consider, otherwise class with suffix 1 shall be assumed.

In the event of other conditions applying these should be selected from JEC 60721-3-§ if
appropriate.

4.2.2 Altitude

The class of altitude above sea-level, at which the equipment shall perform as specified, shall
be as given in IEC 62498-1, unless otherwise specified.

NOTE Altitude is relevant, in particular for air pressure level and its consequence on cooling systems and
insulation.

4.2.3 Temperature
4.2.3.1 Ambient temperature

The class of ambient temperature, at which the vehicle, the converter and its components will
operate, shall be given according to IEC 62498-1:2010, Table 2 unless otherwise specified.

For lifetime calculations a temperature histogram should be provided by the user for the
ambient air external to the vehicle or for the converter cooling medium. Otherwise the
reference temperature TR1 according to IEC 62498-1:2010, Table 3 shall be applied.

A reference temperature is considered as being the permanent temperature for which the
effects on material ageing are equivalent to those of the climatic temperature during the
lifetime.

NOTE Thermal ageing is an exponential function of temperature (e.g. see the IEC 60216 series for insulating
materials), i.e. the reference temperature is usually higher than the arithmetic mean temperature.

For altitude class AX, the dependency between altitude and temperature shall be provided by
the user through a temperature histogram for each relevant altitude range (e.g. 0 m to 1 000 m
and 1 000 m to 2 000 m).
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4.2.3.2 Start-up temperatures

This subclause applies to parked vehicles which are not connected to any power source.

The maximum start-up temperature for converters directly exposed to the ambient external to
the vehicle shall be as specified in 4.2.3.1.

For converters installed inside a vehicle compartment the maximum start-up temperature shall
be 70 °C.

Table 1 gives the different classes of start-up load characteristics at which the equipment shall
perform as specified. There is no preferred class; the class should be chosen to be appropriate
to the use of the converter. The choice of class of start-up temperature shall be agreed
between the manufacturer and the user.

Table 1 — General classes of start-up load characteristics

Load class Start-up power
SuU1 Rated voltage, no load until within specified temperature range?
SuU2 50 % rated power until within specified temperature range?
SuU3 100 % rated power immediately®
SuU4 Other specified conditions

2  For example, the traction power of a locomotive may not necessarily be available immediately after connection
to the supply. The equipment can be brought to the working temperature by auxiliary equipment.

b For example, in some cases, auxiliary converters have to perform immediately after connection to the supply.

4.2.4 Other environmental conditions

The converter shall be designed for the conditions of humidity and pollution specified in
IEC 62498-1.

4.2.5 Mechanical stress
4.2.51 Shock and vibration

The converter, when supported at its designed fixings (including_anti-vibration mounts when
fitted), shall be able to withstand vibration and shock as stated in [EC 61373.

4.2.5.2 Other accelerations

When a vehicle is passing through a curve or is stopped on a curve, the allowable net
acceleration components acting perpendicularly to the vertical axis of the vehicle shall not
exceed the values given in . The converter, including the cooling system, shall
continue to perform as specified under transverse and longitudinal accelerations as specified in
. These requirements shall be agreed between user and manufacturer.

4.2.6 Load profile

In view of the fact that the characteristics of the load profile may affect the operating
characteristics of a converter or converter components, the load profile shall always be
specified. This profile shall be calculated by the duty cycle and agreed by manufacturer and
user.

NOTE 1 The profile is used to calculate the worst-case conditions for the components involved and to define the
conditions for the temperature-rise test (4.5.3.13).
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NOTE 2 For traction converters the duty cycle can be a typical theoretical cycle (acceleration, constant speed,
braking and stop) or a specified cycle for the vehicle in which the converter is mounted. Generally, this cycle is
defined for the nominal input voltage for traction and in other cases, such as braking at a specified voltage.

NOTE 3 For auxiliary converters, see 7.2.3.3.
4.2.7 Supply-system characteristics
4.2.71 General

The user should define the characteristics of the supply system in motoring and in braking
operation and under possible fault conditions.

4.2.7.2 AC supply systems
4.2.7.21 Main characteristics of the AC line voltage
The main characteristics of the different AC supply systems in use are described in JEC 60850.

The equipment shall perform as specified when it is used within the system(s) for which it is
intended.

4.2.7.2.2 Step change of line voltage

The step change of the line voltage shall be specified by the user; the corresponding
performance of the converter shall be agreed between the manufacturer and the user.

4.2.7.2.3 Distortion of AC line voltage

The line voltage of the traction system shall be assumed to be sinusoidal to a great extent.

The equipment shall perform as specified when the steady-state AC line voltage contains levels
of harmonic and inter-harmonic voltages less than, or equal to, the values agreed between
manufacturer and the user.

4.2.7.2.4 Overvoltage in AC systems

The converter, including its protective devices, connected to the transformer and input filter (if

anii shall be able to withstand the input over voltages and transient energies given in
EC 60850. These are considered as normal conditions; any substantial deviations shall be

specified by the user.

4.2.7.2.5 AC system impedance
Since the AC supply impedance affects the performance characteristics of the equipment and

may vary with the position of the vehicle, the characteristics including the maximum and
minimum values of this impedance shall be specified by the user.

If necessary and where possible, resonant frequencies of the AC system shall be specified by
the user, either directly or by means of a model of the system.

The effect of the presence of other vehicles on supply impedance and resonance frequencies
should also be taken into account.

4.2.7.3 DC supply system
4.2.7.3.1 Main characteristics of the DC line voltage

The main characteristics of the different DC supply systems in use are given in JEC 60850. The
equipment shall perform as specified when it is used within the system(s) for which it is

intended.
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It will be assumed that the line voltage of the traction system is the DC voltage converted from
a three-phase sinusoidal voltage by full-wave rectification with a pulse number of six or more.

The user shall state any other arrangement, for example, pulse number other than 6, use of
phase-controlled rectification, presence of regenerative braked vehicles on the system or
harmonic filters in the substations.

4.2.7.3.2 Step change of line voltage

The step change of the line voltage shall be specified by the user; the corresponding
performance of the converter shall be agreed between the manufacturer and the user.

4.2.7.3.3 Overvoltage in DC systems

The converter including its input filter and protective devices, if any, shall be able to withstand
the input over voltages and transient energies given in JEC 60850. Any substantial deviations

shall be specified by the user.

4.2.7.3.4 DC system inductance and resistance

Since the DC supply impedance and resistance affects the performance characteristics of the
equipment and may vary with the position of the vehicle, the characteristics including maximum
and minimum values of this impedance and resistance shall be specified by the user.

The presence of other vehicles should also be taken into account.

4.2.7.3.5 Distortion of DC line voltage

The equipment shall perform as specified when the steady-state DC line voltage distortion is
less than, or equal to, the values agreed by the manufacturer and the user.

4.2.7.4 Other supply systems
Where the converter is supplied by a supply such as

— battery;

— generators;

— shore supply (workshop supply);
— other electric power sources,

the user shall specify rated values and limit values for the voltage and impedance of the
supply, and in the case of AC supply, the frequency and wave form.

4.2.8 Interference
4.2.8.1 General

The converter will produce interference by conduction or radiation which may affect the supply,
telecommunication or signalling systems, or other equipment in the vehicle or neighbourhood
of the transportation system. The input current of the converter normally contains harmonic and
inter-harmonic components. These are due to harmonics present in the traction supply or are
generated by the converter. Where a converter supplies other equipment on the train,
interference with other equipment on the train (for example, coach heating supplies) should be
considered.

The equipment shall comply with the requirements given in IEC 62236-3-1 and IEC 62236-3-2.
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