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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RAILWAY APPLICATIONS – 

ELECTRONIC EQUIPMENT USED ON ROLLING STOCK 
 

FOREWORD 

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

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

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

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

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

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

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

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60571 has been prepared by IEC technical committee 9: Electrical 
equipment and systems for railways. 

This third edition cancels and replaces the second edition issued in 1998 and its amendment 1 
(2006). It constitutes a technical revision. 

The main technical changes with regard to the previous edition are as follows: 
a) In 4.1.2, Table 1 has been modified according to IEC 62498-1. Additional explanation about 

the aim of this table is mentioned as notes. 
b) In 5.1.1.1, “32 V”, ”36 V”, “64 V” and “87 V” have been added as the nominal voltage of 

equipment according to IEC 60077-1. 
c) In 5.3 and 5.5.7.2.1 (Figure 1), the word “interference” has been replaced by “disturbance” 

that is more appropriate because “disturbance” is the cause of “interference”.  
d) In 12.2.7, “max” of the test waveform duration D has been replaced by “min” in the table in 

Figure 2. Specifying “min” can be expected to derive the duration time D longer than 1 s but 
quite near 1,0 s in almost all actual business case. On the other hand, specifying “max” 
may cause unnecessarily shorter D than 1,0 s. 
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e) In 5.1.1.2, “0,7 Un” has been changed to “k Un” and some examples for Nickel-cadmium 
battery and Lead-acid battery are given as NOTE. 

f)  Subclause 12.2.9, Radio frequency test, has been divided into 12.2.9.1, Radio frequency 
immunity test, and 12.2.9.2, Radio frequency-emission test. 

The text of this standard is originally based on EN 50155. It was submitted to the National 
Committees for voting under the Fast Track Procedure. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

9/1711/FDIS 9/1735/RVD 

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

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

The committee has decided that the contents of this publication will remain unchanged until the 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 
the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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RAILWAY APPLICATIONS – 
ELECTRONIC EQUIPMENT USED ON ROLLING STOCK 

 
 
 

1 Scope 

This International Standard applies to all electronic equipment for control, regulation, protection, 
supply, etc., installed on rail vehicles and associated with: 

– either the accumulator battery of the vehicle; 
– or a low voltage power supply source with or without a direct connection to the contact 

system (transformer, potentiometer device, auxiliary supply); 

with the exception of electronic power circuits, which conform to IEC 61287-1. 

This standard covers the conditions of operation, design, construction, and testing of electronic 
equipment, as well as basic hardware and software requirements considered necessary for 
competent, reliable equipment. 

Additional requirements in other standards or individual specifications may complement this 
standard, if they are justified. 

Specific requirements related to practices necessary to ensure defined levels of functional 
safety are determined in accordance with 4.6.3.1 and 4.6.3.2 of IEC 62278 and its informative 
Annex A. 

Software safety integrity level of 1 or higher shall only be considered when it is shown that a 
residual safety risk remains and that it has to be carried by the software driven programmable 
electronic system. In such a case (i.e. software safety integrity level 1 or higher), IEC 62279 is 
applicable. 

For the purpose of this standard, electronic equipment is defined as equipment mainly 
composed of semiconductor devices and recognized associated components. These 
components will mainly be mounted on printed boards. 

NOTE Sensors (current, voltage, speed, etc.) and firing unit printed board assemblies for power electronic devices 
are covered by this standard. Complete firing units are covered by IEC 61287-1. 

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. 

IEC 60068-2-1, Environmental testing – Part 2-1: Tests – Test A: Cold 

IEC 60068-2-2, Environmental testing – Part 2-2: Tests – Test B: Dry heat 

IEC 60068-2-30, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic (12 + 
12 hour cycle) 

IEC 60297 (all parts), Mechanical structures for electronic equipment – Dimensions of 
mechanical structures of the 482,6 mm (19 in) series 
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IEC 60300-3-5, Dependability management – Part 3-5: Application guide – Reliability test 
conditions and statistical test principles 

IEC 60352-1, Solderless connections – Part 1: Wrapped connections – General requirements, 
test methods and practical guidance 

IEC 60352-2, Solderless connections – Part 2: Crimped connections – General requirements, 
test methods and practical guidance 

IEC 60529, Degrees of protection provided by enclosures (IP Codes) 

IEC 60605 (all parts), Equipment reliability testing 

IEC 60617, Graphical symbols for diagrams 

IEC 60850, Railway applications – Supply voltages of traction systems 

IEC 61082 (all parts), Preparation of documents used in electrotechnology 

IEC 61124, Reliability testing – Compliance tests for constant failure rate and constant failure 
intensity 

IEC 61188 (all parts), Printed boards and printed board assemblies – Design and use 

IEC 61188-5, Printed boards and printed board assemblies – Design and use – Part 5: 
Attachment (land/joint) considerations  

IEC 61249-2-7, Materials for printed boards and other interconnecting structures – Part 2-7: 
Reinforced base materials, clad and unclad – Epoxide woven E-glass laminated sheet of 
defined flammability (vertical burning test), copper-clad  

IEC 61249-2-22, Materials for printed boards and other interconnecting structures – Part 2-22: 
Reinforced base materials clad and unclad – Modified non-halogenated epoxide woven E-glass 
laminated sheets of defined flammability (vertical burning test), copper-clad 

IEC 61373, Railway applications – Rolling stock equipment – Shock and vibration tests 

IEC 62236-3-2:2008, Railway applications – Electromagnetic compatibility – Part 3-2: Rolling 
stock – Apparatus 

IEC 62278:2002, Railway applications – Specification and demonstration of Reliability, 
Availability, Maintainability and Safety (RAMS) 

IEC 62326 (all parts), Printed boards 

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

ISO 9001, Quality management systems – Requirements 

ISO 90003, Software engineering – Guidelines for the application of ISO 9001:2000 to 
computer software 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply: 

3.1  
printed board 
base material cut to size containing all holes and bearing at least one conductive pattern. 
Printed boards are typically subdivided according to: 

– their structure (e.g. single and double-sided, multilayers) 
– the nature of the base material (e.g. rigid, flexible) 

3.2  
printed board assembly 
printed board with electrical and mechanical components and/or other printed boards attached 
to it with all manufacturing processes, soldering, coating, etc., completed 

3.3  
plug-in unit 
unit which plugs into a subrack and is supported by guides. These units can be of various types, 
ranging from a printed board with components mounted in a frame or box type unit, designed 
with a plug-in connection 

3.4  
subrack 
structural unit for housing printed board assemblies and/or plug-in units 

3.5  
rack 
free-standing or fixed structure for supporting electrical or electronic equipment (e.g. subracks) 

3.6  
cubicle 
any enclosure for housing electrical and/or electronic equipment 

3.7  
line replaceable unit 
unit designed to be exchanged as a result of on-vehicle fault diagnosis, e.g. a subrack, or 
plug-in unit 

3.8  
performance check 
short form performance test which is carried out during and after environmental tests, sufficient 
to prove that the equipment is within its operational limits, and that it has survived an 
environmental test 

3.9  
control system voltage supply 
voltage supply used to power the vehicle control equipment 

Note 1 to entry: The supply may be derived from a vehicle battery. The battery may be charged from battery 
chargers, auxiliary inverters and motor-alternator or motor-generator sets with associated electronic regulations. 

Where the control system voltage supply is derived from a battery, the nominal and rated control system voltages 
are defined in 5.1. Where no battery is fitted, the nominal control system voltage is the normal controlled level of 
that voltage. 
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3.10  
vehicle wiring 
all wiring which can be connected to the control system voltage supply, wherever located, and 
all other wiring external to the electronic equipment under consideration 

3.11  
supply overvoltage 
electrical disturbance to the control system voltage supply caused by equipment controlling that 
supply. A supply overvoltage will occur as an increase in the level of the control system voltage 
supply. 

3.12  
surge 
non-periodic and relatively short positive or negative (or both) variable (voltage or current) 
between two steady states 

Note 1 to entry: It may be produced by the normal operation of equipment within the vehicle, caused generally by 
the discharge of energy when inductive circuits are switched. 

It may be present either on the control system voltage supply, or on wiring connected directly to switched inductive 
circuits, or coupled electrostatically or electromagnetically from such wiring into other wiring. 

The effective value of the source impedance of a transient will depend upon the manner of its generation and 
coupling. 

3.13  
burst 
repetitive pulses occurring during a fixed time interval 

They may occur during normal operation of the vehicle, typically resulting from unstable arc 
conditions 

3.14  
failure 
termination of the ability of an item to perform a required function 

Note 1 to entry: A temporary malfunction will not be considered a failure provided that: 

a) the equipment recovers normal operation automatically following malfunction; 

b) the malfunction is not apparent to the vehicle operating staff; for example, fault indicators do not light up. 

Note 2 to entry: Attention is drawn to the possibility of a consequential failure of a second item of equipment 
resulting from a temporary malfunction of another item of equipment connected to it. 

3.15  
damage 
any change in visual appearance or alteration of mechanical integrity 

3.16  
useful life 
under given conditions, the time interval beginning at a given instant of time and ending when 
the failure rate becomes unacceptable, or when the item is considered not repairable as a 
result of a fault or for other relevant factors 

Note 1 to entry: For a repairable item the individual useful life may be ended by a failure which is not considered 
as repairable for any reason. 
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4 Environmental service conditions of operation 

4.1 Normal service conditions 

4.1.1 Altitude 

The altitude at which the equipment is normally to function does not exceed the values called 
for in IEC 62498-1:2010, 4.2. When it exceeds this figure, compliance with the requirements 
shall be defined by agreement between user and manufacturer. 

4.1.2 Ambient temperature 

Electronic equipment shall be designed and manufactured to meet the full performance 
specification requirement for the selected temperature categories as stated in Table 1. 

The design shall take into account temperature rises within cubicles to ensure that the 
components do not exceed their specified temperature ratings. 

In addition, the equipment shall meet the special short-term start up thermal conditions as 
stated in column 3. 

Table 1 – Ambient temperature 

Class Column 1 Column 2 Column 3 Column 4 

Ambient temperature 
outside vehicle 

 
 

 °C 

Internal cubicle 
temperature 

 
 

 °C 

Internal cubicle 
overtemperature 

during 10 min 
 

 °C 

Air temperature 
surrounding the 

printed board 
assembly 

 °C 

T1 –25   +40 –25   +55 +15 –25   +70 

T2 –40   +35 –40   +55 +15 –40   +70 

T3 –25   +45 –25   +70 +15 –25   +85 

T4 –10   +40 –10   +70 +15 –10   +85 

T5 +5   +45 +5   +70 +15 +5   +85 

T6 –20   +45 –20   +75 (NOTE 2) –20   +(NOTE 2) 

TX –40   +50 –40   +70 +15 –40   +85 

NOTE 1 The differences between this Table 1 (column 2) and IEC 62498-1:2010 Table 2 (column 3) are mainly 
due to the following reasons: 

IEC 62498-1 refers to a general application, where cubicles are provided without any particular thermal design. 

In electronic equipment, a thermal design is usually needed, to guarantee a convenient minimum and maximum 
ambient temperature for the electronic components. The values given for the maximum temperatures inside the 
cubicle has been restricted to a choice of two to allow manufacturers to have only two classes of cards. 

NOTE 2 This value may become as high as a level that some agreement between user and manufacturer may be 
necessary considering the effect of high temperature to the life and reliability of parts and to the cost of the 
thermal design. 

 

For peripheral units (measuring transducers, etc.), or if the equipment is in a decentralized 
configuration, then if the above ambient temperature ranges are exceeded, the actual 
temperatures occurring at the location of the equipment concerned shall be used in the design. 

Rapid external ambient temperature variations resulting from running through tunnels shall be 
taken into account. For this purpose the rate of change of external temperature shall be 
assumed to be 3 °C/s, with a maximum variation of 40 °C. 
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4.1.3 Shock and vibration 

The equipment shall be able to withstand, without deterioration or malfunction, vibrations and 
shocks that occur in service. 

In order to provide some reasonable degree of confidence that it will survive the specified 
useful life under service conditions, it shall be capable of meeting the vibration, shock and 
bump test as described in 12.2.12. 

For these purposes the equipment is specified as having the electronic units installed complete, 
and supported in their designed fixings, with anti-vibration mounts where fitted. 

For the typical values of shocks and vibrations in real service, reference is made to IEC 61373. 

4.1.4 Relative humidity 

Refer to Table 2 of IEC 62498-1:2010 with regarding the relative humidity ranges for the 
temperature classes T1 to TX as basis of design of the equipment. 

The equipment shall be designed for the following humidity stresses (limit values) over the 
relevant range of the external ambient temperature as defined in 4.1.2: 

– yearly average ≤ 75 % relative humidity,  
– 30 consecutive days in the year: 95 % relative humidity. 

In addition, any moisture condensation shall not lead to any malfunction or failure. 

For peripheral units (measuring transducers, etc.), or if the equipment is in a decentralized 
configuration, then if the above humidity stresses are exceeded, the actual humidity occurring 
at the location of the equipment concerned shall be used in the design. 

4.2 Special service conditions 

4.2.1 General 

Special arrangements shall be agreed between the appropriate parties involved when service 
conditions can be proved to be different from those mentioned in 4.1 (e.g. electronic equipment 
mounted on the bogie or integrated within a power converter, etc.). Checks for the 
effectiveness of such arrangements can, if required, form the subject of optional type tests 
which can be carried out on the vehicle itself in accordance with methods to be agreed 
between user and manufacturer. 

4.2.2 Atmospheric pollutants 

The equipment may be expected to be exposed throughout its life to various pollutants (e.g. oil 
mist, salt spray, conductive dust, sulphur dioxide.). The types of pollutants and their 
concentration should be defined in the tender documents.  

5 Electrical service conditions 

5.1 Power supply 

5.1.1 Supply from accumulator battery 

5.1.1.1 General 

The nominal voltage of equipment (Un) so supplied shall be selected from amongst the 
following values: 

Full document details: IEC 60571 2012

http://avadocuments2026.com/doc/iec-60571-2012
http://avadocuments2026.com/doc/iec-60571-2012


 – 14 – 60571 © IEC:2012 

24 V, 32 V, 36 V, 48 V, 64 V, 72 V, 87 V, 96 V, 110 V 

NOTE These nominal voltage values are given only as standardising values for the design of equipment. They are 
not the off load battery voltages since these are determined by the types of battery, the number of cells and the 
operating conditions. 

Following IEC 60077, different voltage variations may be used with agreement between user 
and manufacturer. 

5.1.1.2 Variations of voltage supply 

Electronic equipment supplied by accumulator batteries without a voltage stabilizing device 
shall operate satisfactorily for all the values of the supply voltage within the range defined 
below (measured at the input terminals of the equipment). 

The manufacturer of the electronic equipment shall specify its power consumption in order to 
enable calculations for the battery cabling. 

 Minimum voltage: kUn 
 Nominal voltage: Un 
 Rated voltage:  1,15 Un 
 Maximum voltage:  1,25 Un 

Voltage fluctuations (e.g. during start-up of auxiliary equipment or voltage oscillations of battery 
chargers) lying between 0,6 Un and 1,4 Un and not exceeding 0,1 s shall not cause deviation of 
function. 

Voltage fluctuations lying between 1,25 Un and 1,4 Un and not exceeding 1 s shall not cause 
damage: equipment may not be fully functioning during these fluctuations. 

In the case of thermal engines, see also 5.1.1.4. 

NOTE k may be 0,7 for conventional type battery like Lead-acid battery and 0,8 e.g. for Nickel-cadmium battery. 

5.1.1.3 Interruptions of voltage supply 

Interruptions of up to 10 ms may occur on input voltage as defined below: 

– Class S1: no interruptions 
– Class S2: 10 ms interruptions 

This shall not cause any equipment failure. 

The time values specified are for nominal voltage and the choice of classes shall be defined by 
the system designer. 

5.1.1.4 Variations of voltage supplies for rolling stock powered by thermal engines 

At start-up of thermal engines the voltage supply system shall be designed to guarantee the 
supply to the essential electronic equipment during the whole starting sequence. 

5.1.1.5 D.C. ripple factor 

All batteries on charge have a pulsating voltage, the d.c. ripple factor of which, unless 
otherwise stated, shall not be greater than 15 % calculated from the equation: 
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 Umax – Umin 

        d.c. ripple factor =   × 100 

 Umax + Umin 

where Umax and Umin are the maximum and minimum values, respectively, of the pulsating 
voltage. 

The minimum and maximum voltages as defined in 5.1.1.2 however shall not be exceeded. 

5.1.2 Supply by a static converter or a rotating set 

In the case of equipment supplied with power from a stabilized source, (e.g. a static converter 
or a rotating motor-generator set provided with a regulator), electronic equipment shall operate 
satisfactorily for values of the supply voltage lying between 0,9 Un and 1,1 Un, where Un is the 
nominal voltage and can be either d.c. or a.c. 

In addition, for operating equipment, voltage fluctuations lying between 0,7 Un and 1,25 Un not 
exceeding 1 s and also between 0,6 Un and 1,4 Un not exceeding 0,1 s are allowed.  

5.1.3 Supply change over 

In the case of equipment supplied with power alternatively from an accumulator battery and a 
stabilized source (d.c.), the equipment shall operate satisfactorily under the conditions stated in 
5.1.1.1, 5.1.1.2, 5.1.1.5 and 5.1.2. 

– Class C1: at 0,6 Un during 100 ms (without interruptions). 
– Class C2: during a supply break of 30 ms. 

5.1.4 Supply with overhead line or third rail 

In the case of electronic equipment with a supply derived directly from the overhead line or 
third rail (e.g. control electronics of a self-starting static converter), the equipment shall operate 
satisfactorily for values of contact line voltage as described in IEC 60850. 

5.2 Supply overvoltages 

All connections to electronic equipment capable of being connected to the control system 
voltage supply shall withstand:  

a) the supply overvoltages as specified in 5.1.1.2 and/or 5.1.2 (as appropriate); 
b) the application of supply overvoltages as specified in 12.2.7. 

Overvoltages shall be assumed to be generated with respect to the control system voltage 
supply return potential and to be present only as an increase to the level of the control system 
voltage, which shall be assumed to be present before and after the application of the 
overvoltage. Overvoltage of opposite polarity to the control system voltage supply need not be 
considered. 

Overvoltage exceeding 1,25 Un longer than 0,1 s shall be assumed to occur only in the case of 
a failure in the control system voltage supply. 

5.3 Installation 

The supply to the electronic equipment should be provided by a separate conductor connected 
as directly as possible to the source. This conductor should be used only for the supply to 
electronic circuits. 
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The installation of the electronic equipment shall be arranged so as to reduce, as far as 
possible, the effects of external electrical disturbances. 

Suppression should be provided at the source of electrical disturbance. 

If one pole of the battery of the vehicle is connected to the vehicle body, this shall be specified. 

Where several manufacturers supply electronic equipment having common direct connections, 
a single reference point of equipotential shall be established by mutual agreement. 

5.4 Surges, electrostatic discharge and transient burst susceptibility tests 

All electronic equipment shall withstand surges, electrostatic discharge and transient burst 
susceptibility tests as specified in IEC 62236-3-2. 

The tests are specified in 12.2.7. 

5.5 Electromagnetic compatibility 

The equipment shall be protected so as not to be adversely affected by conducted or radiated 
disturbance as required in IEC 62236-3-2 and shall not emit radio frequency interference (RFI) in 
excess of the level defined in IEC 62236-3-2. 

The tests are specified in 12.2.8. 

6 Reliability, maintainability and expected useful life 

6.1 Equipment reliability 

6.1.1 Predicted reliability 

The user may require the manufacturer to predict his reliability figure or meet the user's 
reliability target. The method of calculation shall be agreed at the time of tendering between 
user and manufacturer, and shall be in accordance with a recognized standard. 

6.1.2 Proof of reliability 

Where the user has specified a required reliability level, the following actions are necessary. 

The equipment performance shall be carefully monitored. 

The equipment manufacturer and the user shall agree to record all actions carried out on the 
equipment. 

To demonstrate the reliability level of the equipment a defect report will be presented at the 
end of a mutually agreed period (km or service hours) identifying the components replaced 
(circuit reference number, type, manufacturer, number of manufacturing lot, kilometres and/or 
operating hours, etc.), the definition and cause of faults (design weakness, software, 
component problems, etc.). 

In order to show whether the equipment meets its stated reliability requirements, the equipment 
should be subjected to a reliability evaluation. 

IEC 60300-3-5, IEC 60605-2, IEC 60605-4, IEC 60605-6 and IEC 61124 may be used as 
guides. 

The detailed reliability evaluation procedure shall be stated in the contract. 
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6.2 Useful life 

The useful life of electronic equipment shall be agreed between user and manufacturer. 

When the manufacturer intends to use components with a known life less than the useful life of 
the electronic equipment, their use and procedures for their regular replacement shall be 
agreed between the involved parties. 

6.3 Maintainability 

Unless otherwise agreed, equipment shall be designed so that regular periodic maintenance 
shall not be necessary. 

Special maintenance requirements, if any, shall be defined by the user at the time of tendering. 

Printed board assemblies, and/or subracks shall be capable of being individually tested. 

In addition, the equipment manufacturer shall advise what maintenance procedures are 
necessary or prohibited. 

NOTE Maintenance processes such as ultrasonic cleaning, connecting of diagnostic test equipment, electrical 
insulation testing, and transportation packaging arrangements, can reduce the equipment reliability level, through 
additional stressing of the assembly and components. 

6.4 Maintenance levels 

6.4.1 On-vehicle diagnosis and repair 

User and manufacturer shall agree on the nature of units (e.g. subracks or plug-in units) to be 
exchanged as a result of on-vehicle fault diagnosis. 

These units, defined as line replaceable units, shall be designed to be easily exchanged. 

User and manufacturer shall also agree on the use of any specialised tools required in this 
maintenance procedure. 

Equipment shall be designed so that a failed line replaceable unit can be identified by the use 
of either suitable portable test equipment or built-in diagnostics, both with associated test 
instructions. 

Maintenance or diagnostic procedures at this level shall not require the removal or replacement 
of any component of the line replaceable unit. 

6.4.2 Off-vehicle diagnosis and repair 

Equipment shall be designed so that test equipment with associated test instructions shall 
enable the full diagnosis and validation of performance of each type of train-borne equipment 
in repair centres by qualified personnel. 

Equipment shall be constructed so that access necessary for diagnosis and repair can be 
achieved without damage or undue disturbance to the components or wiring. 

In addition, printed board assemblies shall have test facilities (e.g. test plugs, test pads, etc.) 
to aid the diagnosis and repair process. 

6.5 Built-in diagnostics 

Indicators to assist diagnostic maintenance shall be used where appropriate, in order to display 
status of input data, output data, main control functions, power supplies, etc. 
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Self-test routines shall be capable of providing clear indication of the operational status of the 
equipment. 

Any built-in diagnostic facilities capable of exercising rather than monitoring the equipment 
shall be suitably interlocked to prevent interruption of the normal operation of the equipment 
other than under test conditions. 

The use of extra components for built-in diagnostics shall not considerably influence the 
reliability of the equipment, and shall be taken into account in reliability calculations. 

6.6 Automatic test equipment 

The user may require to use a specific type of automatic test equipment for fault location either 
on or off the vehicle. 

If this is required, details of such test equipment and its interfacing with train-borne equipment, 
e.g. bed of nails or guided probe (for off-vehicle repair), or equipment connector (for on vehicle 
diagnosis), shall be provided by the user at the time of tendering. 

It is permitted to remove plug-in units which do not contribute to the function of the equipment, 
to facilitate the connection of automatic test equipment. 

6.7 Alternative methods for fault diagnosis 

Where train-borne electronic equipment has been developed or tested using proprietary test 
equipment the manufacturer may offer this as an alternative for fault diagnosis within repair 
centres, provided that use of such equipment is practical to the installation and all support 
details are made available to the user. 

6.8 Purpose built test equipment and special tools 

The prior approval of the user shall be obtained regarding the use of items requiring tools other 
than readily available industrial tools. 

Where purpose built test equipment and/or special tools are required to carry out the user's 
formal maintenance procedures, this equipment, or alternatively the manufacturing and 
procurement details for it, shall be offered for sale to the user. 

Test equipment does not necessarily have to comply with this standard. 

7 Design 

7.1 General 

7.1.1 Quality management 

All design shall proceed according to ISO 9001. 

The design process shall be visible and auditable. 

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

Particular attention is drawn to the need implicit in the use of ISO 9001, for all system, 
hardware, and software design to proceed according to clearly laid down functional and 
interface specifications. 

Full document details: IEC 60571 2012

http://avadocuments2026.com/doc/iec-60571-2012
http://avadocuments2026.com/doc/iec-60571-2012


60571 © IEC:2012 – 19 – 

7.1.2 Life cycle 

All design shall proceed according to a defined life cycle model, which shall be laid down in the 
quality plan. 

7.2 Detailed practices – Hardware 

7.2.1 Interfacing 

All interfaces shall be so implemented as to allow the equipment to meet its requirements in 
respect of: 

– electromagnetic compatibility; 
– potential differences; 
– personnel safety; 

and to control propagation of damage arising from external faults. 

The user may require galvanic isolation to meet the above. In this case the requirement and 
particular areas for its application shall be declared at the tender stage. 

An example of system interfacing with various EMC areas is given in Figure 1. 

7.2.2 Fault protection 

Outgoing cables shall be rated to at least the current limit value of the protective device for that 
circuit. 

Equipment shall be protected against external faults (e.g. short circuit or open circuit conditions 
as appropriate). 

Regulated power supply units for electronic equipment shall incorporate current limiting to 
minimise the use of fuse elements. 

If the user wishes to forbid the use of fuses internal to the equipment, this shall be declared at 
the time of tendering. 
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Figure 1 – System interfacing with the typical EMC areas A, B and C 
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Where protective devices of the tripping type are incorporated in the output circuits, the 
available current under short circuit conditions shall be sufficient to operate them. In addition, 
devices with manual resetting shall be easily accessible. 

Any protective devices used shall be so arranged that the risk of fire within the equipment is 
minimised. 

7.2.3 Referencing power supplies 

The output of galvanically isolated power supply units should not be allowed to float. 

When the outputs are not referenced to a voltage source (e.g. battery or voltage supply) then 
one of the supply rails should be connected to the vehicle frame or a defined earth point. 

This reference and the means of connection should be defined and mutually agreed. 

7.2.4 Interchangeability 

All individual printed board assemblies forming part of a system shall be functionally complete 
and fully interchangeable with any other unit of the same functional type without the need for 
any recalibration of the hardware after the board has been inserted in the system. 

7.2.5 Reduction of supply voltage 

The equipment shall not suffer damage, when the supply is, or falls, below the lowest limit of its 
specified source voltage, irrespective of the rate at which the voltage changes. 

In addition, the equipment shall not generate any spurious output which could lead to 
consequential failure of any other equipment under these conditions. 

7.2.6 Polarity reversal 

To prevent any damage to the equipment, electrical or mechanical means shall be provided to 
ensure protection against polarity reversal of the incoming power supply. 

7.2.7 Inrush currents 

The design of the equipment shall take account of inrush currents which may occur at the time 
of switch-on, so that protective devices do not trip and no damage occurs. 

7.2.8 Spare capacity 

If the user requires spare capacity (e.g. spare inputs, spare outputs, CPU loading, etc.) for 
system expansion or changes during the equipment life-cycle, he shall specify this at the 
tender stage. Compliance with these requirements shall be included in the design process. 

7.3 Detailed practices – Software 

7.3.1 General 

ISO 90003 shall be used for the application of ISO 9001 for software. 

Configuration management procedures shall run in parallel with life cycle activities covering all 
the software and tools used for its development and its maintenance. 

Life cycle issues and documentation of the software development shall be covered. 

The development of the software shall be structured into defined phases and activities. 
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All information pertinent to the design of the software shall be recorded.  

Minimum phases and required documents are the following: 

a) Software requirements phase 
In this phase all the requirements of the software shall be captured and documented in a 
software requirements specification, including interfaces to the system environment and to 
the other softwares. 

b) Software design phase 
In this phase, the architecture of the software shall be defined, the modules specified and 
the code written, ensuring that all elements meet the requirements as defined in the 
software requirements specification. In addition 7.3.2 should be taken into account. 

c) Software testing phase 
This phase covers the testing of the software at each of its design levels to ensure its 
correctness and consistency with respect to its specification. Test results shall be recorded. 

d) Software/hardware integration phase 
In this phase the hardware and software shall be integrated and tested to ensure 
compliance with the requirements of the system (e.g. as defined in the software 
requirements specification).  Test results shall be recorded. 

e) Software maintenance phase 
It is important that the dependability of the software is not compromised when making 
corrections, enhancements or adaptations. The measures taken shall be defined and 
documented. 

7.3.2 Software design measures 

7.3.2.1 General 

The following measures shall be used, unless the rationale for any alternative has been 
documented and agreed with the user. 

NOTE Explanations on these and other useful measures may be found in IEC 62279 (Annex B). 

7.3.2.2 Modular approach 

The software shall be broken down into small comprehensible parts in order to manage its 
complexity. That includes taking measures such as module size limitation and fully defined 
interface. 

7.3.2.3 Translator proven in use 

A translator proven in use shall be applied to avoid any difficulties due to translator failures 
which can arise during development, verification and maintenance of a software package. 

7.3.2.4 Recording 

All data, decisions and rationale in the software project shall be recorded to allow for easier 
verification, validation, assessment and maintenance. 

7.3.2.5 Structured methodology 

Structured methods shall be applied to promote the quality of software development by 
focusing attention on the early parts of the life-cycle. The methods aim to achieve this through 
both precise and intuitive procedures and notations (assisted by computers) to identify the 
existence of requirement and implementation features in a logical order and a structured 
manner. 
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7.3.2.6 Design and coding methods 

Design and coding methods shall be defined to ensure a uniform layout of the design 
documents and the produced code, as well as enforcing egoless programming and a standard 
design method. 

7.3.2.7 Structured programming and analysis 

The program shall be designed and implemented in such a way as to facilitate the analysis of 
the program. 

The program behaviour shall be testable completely on the basis of the analysis. 

7.3.2.8 Programming language 

The programming language chosen shall facilitate the verification of the code with a minimum 
of effort and aid program development verification and maintenance. 

7.3.2.9 Proven techniques 

Proven techniques shall be used. Examples of such techniques include: 

a) semiformal methods, e. g.: 
– logic/function block diagrams; 
– sequence diagrams; 
– data flow diagrams; 
– decision/truth tables; 

b) testing methods, e. g.: 
– boundary value analysis; 
– equivalence classes and input partition testing; 
– process simulation. 

7.4 Equipment features 

7.4.1 General 

The equipment shall be constructed with the following features, intended to provide operation 
under all conditions. 

7.4.2 Memory checking 

Upon power up, during its initialisation, the equipment shall perform a check to show that: 

a) All required memory is present and functional. 
b) All program memory, which may be split between individual integrated circuits or printed 

board assemblies is functionally compatible. 

Means to relate memories to the correct printed board assembly, and printed board assemblies 
to the subrack, shall be provided either by visual indication on the body of the device or by 
internal coding.  The method shall be declared to the user. 

7.4.3 Self-test 

The equipment shall include a self-test function which shall, as far as practicable, verify that 
the system is operational at each initialisation. As far as possible in the event of self-test failing, 
diagnostic information shall be made available to indicate the area of the fault. Where possible 
the system shall enter the recovery state. 
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7.4.4 Watchdog 

The equipment shall include a watchdog function, to cause it to enter a recovery state in the 
case of failure of the operational software (e.g. software entering an unintended loop due to 
abnormal transient disturbances). 

7.4.5 Error indication 

On detection of errors the processor shall record or indicate that such an event has occurred. It 
shall then enter a recovery state. 

7.4.6 Recovery 

The equipment shall, as far as possible, recover from any fault or error state, into which it may 
be forced, with the minimum disruption to its functions. This recovery may require the 
processor to re-initialise. Where it is not safe or practicable to recover from this state, the 
manufacturer shall declare the effect on the equipment. 

8 Components 

8.1 Procurement 

8.1.1 All components shall comply with detail specifications which define the component 
functional and physical parameters. 

8.1.2 All components used shall have been manufactured according to a quality system 
compliant with the requirements of ISO 9001 as relevant, or an equivalent quality system. 

8.1.3 The component specifications referenced above shall be in accordance with one of the 
standards or documents listed below: 

a) EN or IEC specifications; 
b) other international, regional or national standards or specifications; 
c) specification of the component manufacturer; 
d) specification of the equipment manufacturer. 

Wherever possible in cases c) and d), the documents shall refer to EN or IEC generic 
specifications. 

8.1.4 Except as provided for in 8.1.5, components with a multiple source of supply shall be 
used. For the purpose of this standard, "multiple sourcing" shall imply complete 
interchangeability in respect of fit and function according to the specification detailed in 8.1.1 
above. 

8.1.5 Where single source components cannot be avoided, this shall be justified and be drawn 
to the attention of the user at the tender stage. 

8.1.6 The components and the families of components used shall be chosen on the basis of a 
high probability that further supplies will be available for at least half of the agreed useful life of 
the electronic equipment as defined in 6.2. If, despite these precautions, certain components 
should become unavailable during the period covered by the equipment supply contract, the 
manufacturer of the electronic equipment shall inform the user and provide an alternative 
solution. 

8.1.7 Specialised components such as custom hybrid circuits and application specific 
integrated circuits (ASIC), shall be subject to a detail specification sufficiently precise to allow 
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subsequent redesign or sourcing of a completely interchangeable device from an alternative 
manufacturer. 

8.2 Application 

8.2.1 All components used shall be of such a grade as to be appropriate for use in the 
application, and subject to the requirements (e.g. environment, quality, life expectancy, etc.) 
described in this standard. 

8.2.2 For components or technology which have no history of rail application, the user may 
require evidence that these components or technology comply with the requirements of this 
standard. 

8.2.3 All components shall be used: 

a) in accordance with the component manufacturers basic specifications; 
b) in such a manner as not to compromise the equipment life or performance. 

8.2.4 The choice of temperature range, derating, packaging and screening, etc. of 
components is the complete responsibility of the manufacturer. 

If required by the user, the manufacturer shall demonstrate (e.g. by calculations or other 
applications), at the time of tendering, that the equipment fulfils all the requirements given in 
this standard with particular reference to reliability and the life of components as described in 
Clause 6. The life expectancy of components shall not be less than the useful life of the 
equipment except for components with a known life as defined in 6.2. 

9 Construction 

9.1 Equipment construction 

9.1.1 General 

Equipment shall comply with the following constructional requirements. 

9.1.2 Mechanical protection 

It shall be possible to lay on a flat surface all line replaceable units on any of their faces without 
causing mechanical damage to any component. Where necessary, mechanical guards shall be 
fitted. 

9.1.3 Polarisation or coding 

Where required by the user, all line replaceable units shall incorporate mechanical means of 
polarisation or coding to prevent incorrect insertion. 

9.1.4 Dimensional requirements 

Racks, subracks, and plug-in units shall comply with the dimensional requirements of 
IEC 60297. 

NOTE The most commonly used dimensions of IEC 60297 are 3U and 6U with printed board depths 160 mm or 
220 mm. 

9.1.5 Sockets and connectors 

At the time of tendering the user may prohibit the use of integrated circuit sockets and/or edge 
connectors.  
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9.2 Component mounting 

9.2.1 General 

Equipment shall comply with IEC 61188-5 and the following constructional requirements. 

9.2.2 Layout 

Component parts shall be so located, secured and disposed with respect to each other and the 
structural members so that they can be inspected, removed and replaced without damage to or 
undue disturbance of other parts or wiring. 

Wherever possible, the marking on the fitted component shall be visible. 

Equipment shall not be designed to have components attached to wiring terminal blocks unless 
adequate clamping or an auxiliary printed board assembly is provided and component 
identification is preserved. 

Heat dissipating components shall be mounted so that they will not cause damage to printed 
boards or any other components.  

9.2.3 Fixing 

Components which do not have specific mechanical fixings, whose weight may through 
vibration during the life of the equipment cause stress or damage to the soldered connections, 
shall be secured to the printed board. 

The method of securing shall be such that they can be replaced without damage to the printed 
board. 

All components shall be mounted in accordance with the component manufacturer's 
recommendations or, in the absence of such recommendations, in such a way that the method 
of fixing has no adverse effect on the performance of the component or unit, including the 
soldered joints. 

9.2.4 Component terminations 

Connections to components shall be made so that no mechanical or thermal stress exceeds 
the limits specified for the component. 

Bending of component leads shall not cause damage or permanent stress to the component 
body/lead junction. 

9.2.5 Pre-set control 

Where pre-set controls have been deemed necessary for operating adjustments (i.e. not 
internal calibration), they shall be accessible with the complete equipment and adjacent 
equipment in operation. 

Such controls shall retain their settings in normal operation and shall be protected against 
accidental adjustment. 

9.2.6 Select on test (SOT) components 

Where SOT components are used they shall be soldered to component mounting posts to 
facilitate removal for recalibration purposes. 
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9.3 Electrical connections 

9.3.1 General 

Connections shall be of the following types. 

9.3.2 Soldered connections 

Soldered connections shall be made only to components specially designed for that purpose. 
Flexible/stranded conductors and metallic braiding designed for flexing shall not be soldered 
but fitted with crimped tags and strain relieved before the electrical connections. 

Silver or gold plated wires or components shall not be soldered, unless the plating is thin 
enough to avoid any adverse effect on the joints. 

Soldered wires and components shall as far as possible be capable of disconnection without 
disturbing other connections. 

Solder fluxes shall be non-corrosive. 

9.3.3 Crimped connections 

Crimped connections shall be in accordance with IEC 60352-2. 

9.3.4 Wire wrap connections 

All wire wrap connections shall, as a minimum, comply with IEC 60352-1 and be of the 
modified type. Soldered and wrapped wire connections on the same post are not allowed. The 
wire used shall be suitable for the chosen wrapping process, and at least three turns of the 
wire shall be in close contact. 

9.3.5 Other connections 

Other methods of connection e.g. insulation displacement, press-fit, etc., shall only be used by 
prior agreement with the user. 

9.4 Internal flexible wiring (electrical and optical) 

Wiring which could be subjected to flexing shall be provided with suitable clamps, sheaths or 
supports adjacent to the terminations and at suitable locations along its route. 

Wiring shall be so arranged that its performance shall not be affected by extremes of 
temperature. 

Wiring shall not be bent to a radius less than the minimum permissible value specified by its 
manufacturer. Where a minimum radius is not specified, for electrical cable, the inside radius 
of the bend shall not be less than the overall diameter of the wire including its insulation. 

Grommets, bushes or edge protections shall be fitted where wiring passes through any material 
likely to cause abrasion damage. 

Internal wiring shall be adequately supported by clamping, looming, troughing, or similar means. 

Wiring shall be clamped into plugs and sockets in such a way that the connections inside the 
connector cannot be subjected to detrimental tensile or torsional stress by normal operation 
and handling. 
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