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Foreword

This Technical Specification was prepared by SC 9XC, Electric supply and earthing systems for public
transport equipment and ancillary apparatus (Fixed installations), of Technical Committee CENELEC
TC 9X, Electrical and electronic applications for railways.

It was circulated for vote in accordance with the Internal Regulations, Part 2, Subclause 11.3.3.3 and was

approved by CENELEC as CLC/TS 50562 on 2011-05-24.

The following date is proposed:

— latest date by which the existence of the CLC/TS
has to be announced at national level (doa) 2011-11-24
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1 Scope

This Technical Specification defines the process, measures and demonstration of safety for the electric
traction systems of

— railways,
— guided mass transport systems,
— trolleybus systems.

The systems can be elevated, at-grade and underground.

It does not apply to

underground mine traction systems,

— cranes, transportable platforms and similar transportation equipment on rails, temporary structures
(e.g. exhibition structures) in so far as these are not supplied directly or via transformers from the
contact line system and are not endangered by the traction power supply system,

— suspended cable cars,

— funicular railways,

— magnetic levitated systems,

— railways with inductive power supply without contact system,

- rai]Icways with buried contact system that is required to be energised only below the train to ensure
safety,

but it can support the safety considerations of such systems as far as applicable.

This Technical Specification refers to standards and common practice to demonstrate safety including the
functional aspects.

This Technical Specification applies to the erecting of new lines and to all significant changes of existing
lines.

2 Normative references

The following referenced documents are indispensable for the application 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.

EN 50110 (all parts), Operation of electrical installations
N 50119:2009, Railway applications — Fixed installations — Electric traction overhead contact lines

EN 50122 (all parts), Railway applications — Fixed installations — Electrical safety, earthing and the return
circuit

EN 50122-1:2011|, Railway applications — Fixed installations — Electrical safety, earthing and the return
circuit — Part 1: Protective provisions against electric shock

EN 50123 (all parts), Railway applications — Fixed installations — D.C. switchgear

EN 50124 (all parts), Railway applications — Insulation coordination
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CLC/TR / EN 50126 (all parts), Railway applications — The specification and demonstration of Reliability,
Availability, Maintainability and Safety (RAMS)

CLC/TR 50126-2:2007, Railway applications — The specification and demonstration of Reliability,
Availability, Maintainability and Safety (RAMS) — Part 2: Guide to the application of EN 50126-1 for safety

EN 50152 (all parts), Railway applications — Fixed installations — Particular requirements for a.c.
switchgear

N 50153, Railway applications — Rolling stock — Protective provisions relating to electrical hazards
N 50163, Railway applications — Supply voltages of traction systems

N 50367, Railway applications — Current collection systems — Technical criteria for the interaction
between pantograph and overhead line (to achieve free access)

N 50388, Railway applications — Power supply and rolling stock — Technical criteria for the coordination
between power supply (substation) and rolling stock to achieve interoperability

CLC/TR 50488, Railway applications — Safety measures for personnel working on or near overhead
contact lines

EN 60255 (all parts), Measuring relays and protection equipment (IEC 60255, all parts)

EN 60664 (all parts), Insulation coordination for equipment within low-voltage systems
(_C 60664, all parts)

N 62271-1:2008, High- voltage switchgear and controlgear — Part 1: Common specifications
(_C 62271-1:2007)

EN 62305 (all parts), Protection against lightning (IEC 62305, all parts)
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3 Terms and definitions

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

31

contact line system

support network for supplying electrical energy from substations to electrically powered traction units,
which covers overhead contact line systems and conductor rail systems; the electrical limits of the system
are the feeding point and the contact point to the current collector

NOTE The mechanical system may comprise

—  the contact line,

- structures and foundations,

- supports and any components supporting or registering the conductors,
- head and cross spans,

—  tensioning devices,

- along-track feeders, reinforcing feeders, and other lines like earth wires and return conductors as far as they are supported
from contact line system structures,

- any other equipment necessary for operating the contact line,

- conductors connected permanently to the contact line for supply of other electrical equipment such as lights, signal operation,
point control and point heating.

[EN 50119:2009, 3.1.1]

3.2
conventional electric traction system

system constructed, operated and maintained according to relevant standards and common practice

3.3

current collector zone

CCz

zone whose limits are in general not exceeded by an energized collector no longer in contact with the
contact line or broken collector and its fragments

[EN 50122-1:2011, 3.5.10]

3.4
electric traction system
railway electrical distribution network used to provide energy for rolling stock

NOTE The system may comprise
- contact line systems,
- return circuit of electric traction systems,

- running rails of non electric traction systems, which are in the vicinity of, and conductively connected to the running rails of an
electric traction system,

- electrical installations, which are supplied from contact lines either directly or via a transformer,

- electrical installations in substations, which are utilized solely for distribution of power directly to the contact line,
- electrical installations of switching stations.

[EN 50122-1:2011], 3.4.1]

3.5
electrical safety
freedom from unacceptable risk of harm caused by electrical systems

[EN 50122-1:2011], 3.1.1]
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3.6

overhead contact line zone

OoCLZ

zone whose limits are in general not exceeded by a broken overhead contact line

[EN 50122-1:2011], 3.5.9]

3.7
return cable
conductor connecting the running rails or other parts of the return circuit to the substation

NOTE Similar to IEC 60050-811-35-04.
[EN 50122-1:2011], 3.3.5]

3.8

return circuit

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

NOTE The conductors may be
- running rails,

- return conductor rails,

- return conductors,

- return cables.

[EN 50122-1:2011), 3.3.1, mod.]

3.9
return conductor
conductor paralleling the track return system and connected to the running rails at periodic intervals

[EN 50122-1:2011), 3.3.3]

3.10

switchgear and controlgear

general term covering switching devices and their combination with associated control, measuring,
protective and regulating equipment, also assemblies of such devices and equipment with associated
interconnections, accessories, enclosures and supporting structures

[EN 62271-1:2008, 3.1.1]

3.1

(effective) touch voltage

Ute

voltage between conductive parts when touched simultaneously by a person or an animal

NOTE 1 The value of the effective touch voltage can be appreciably influenced by the impedance of the person or the animal in
electric contact with these conductive parts.

[IEC 60050-195-05-11]

NOTE 2 The conductive path through the body is conventionally from hand to both feet (horizontal distance of 1 m) or from hand
to hand.

[EN 50122-1:2011), 3.1.3]

312

track circuit

electrical circuit of which the rails of a track section form a part, with usually a source of current connected
at one end and a detection device at the other end for detecting whether this track section is clear or
occupied by a vehicle

NOTE In a continuous signalling system, the track circuit may be used to transmit information between the ground
and the train.
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4  Safety process

4.1 General

The design, construction, operation and maintenance of electric traction systems follow the relevant
standards to ensure safety. The safety process itself follows CLC/TR/EN 50126 series over the
complete life cycle.

This clause describes how to

— define the subsystem electric traction system and the relevant interfaces,

— identify hazards,

— apply measures,

— demonstrate an acceptable level of safety.

For the application of this Technical Specification, the differences of the system under consideration and
the reference system described in Clause 6 shall be analysed. The results in terms of measures that are

identified for the reference system shall be evaluated regarding their applicability for the system under
consideration. The latest versions of the relevant standards shall be considered.

The generic process, intended to be applied to conventional electric traction systems, is a process
tailored from CLC/TR / EN 50126 series and it consists of the following steps as shown in Figure 1.
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System Definition

Hazard
Identification

Risk assessment

Mitigations

Measures

Evaluation

No

acceptable

Figure 1 — Safety process for conventional electric traction system

The steps in the safety process are as follows:

— system definition;
— hazard identification;
— risk assessment;

Full document details: DD CLC/TS 50562:2011
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The electric traction system and its interfaces shall be described in a clear and manageable way.
The system may be structured in subsystems as far as it is necessary. The main functions and
components as well as the interfaces shall be included in the system definition. Application conditions

shall be documented and taken into account.

4.3 Hazard identification

A hazard identification shall be performed and results in a list of system hazards.

The hazard identification shall start with the following list of top-level hazards (see Table 1), to ensure that
the basis for the identification of system hazards is comprehensive.

A top-level hazard describes a generic situation that could lead to an accident and where only fortunate
circumstances may prevent an accident. A system hazard describes the reasons, how a top-level hazard
reasonably could be caused by the technical system.

Table 1 — List of foreseeable top-level hazards and accidents

Top-level hazard Foreseeable accident Identification
code of
foreseeable
top-level
hazard/accident
Access to voltages exceeding the limits for | Injury due to electric shock A1l
the touch voltage according to EN 50122-1
Relative movement between objects and Injury due to striking / collision A2
persons in direct vicinity
Unexpected or heavy acceleration or Injury due to striking / collision with A3
deceleration of persons surroundings or due to slipping, tripping
and falling
Exposure of persons to heat Injury due to fire, heat, arcs A4
Exposure of persons to hazardous amount | Injury due to smoke, toxic substances A5
and duration of smoke or toxic substances
(local regulations)
Exposure of persons to severe pressure Injury due to explosion, overpressure A6
waves approaching
Exposure of persons to electromagnetic Injury due to electromagnetic fields or A7
fields or interferences (WHO limits, local interference
regulations)
Inappropriate design or condition of Injury due to falling parts, trapping, A8
equipment clamping, cutting
Excessive sound levels Injury due to reduction or loss of hearing A9
Documents
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The following groups of persons shall be taken into account during the hazard identification:

- PAX
passengers of the railway. Characteristic: not expecting a risk;

— STAFF
railway staff, civil workers for railway construction, search and rescue etc. Characteristic: awareness
that there is a risk when entering electrical rooms or the vicinity of tracks, power lines and contact
systems;

- PUB
general public, e.g. neighbourhood, passer-by, but not passengers. Characteristic: not expecting a
risk;

— OTHERS
trespasser, vandals etc. This group is aware of the risks when entering the vicinity of tracks, power
lines and contact systems.

4.4 Risk assessment

The identified system hazards shall be assessed regarding the foreseeable accidents and groups at risk.

4.5 Measures

The measures according to the relevant standards and common practice shall be applied to the system
under consideration.

4.6 Evaluation

The applicability of the identified measures shall be evaluated. Formally, the evaluation could be a
statement that the identified measures are suitable for the close out of the identified hazards. The basis
for the conclusion shall be outlined. If the hazard close out for one or more hazards is not successful the
feed back path as per Figure 1 leads to the review of process steps and the identification of mitigations as
applicable.

4.7 Demonstration of safety

The demonstration of safety is intended to document the implementation of the applicable standards and
identified measures.

While applying this document, the safety demonstration shall be done as follows:

— formal statement that the Technical Specification CLC/TS 50562 is applied;

— formal statement that the system under consideration is equivalent to the reference system. By this,
itis accepted that the same hazards are applicable as identified in this Technical Specification.
In case of differences the differences have to be described with related argumentation that the same
hazards and measures respectively apply;

— listing of all measures that are assessed to be applicable to the system under consideration as per
Clause 8;

— tailoring of the applicable measures regarding scope and responsibility of the applicant including
related argumentation;

— listing of all measures within the scope and responsibility of the applicant that were modified including
related argumentation;

— documented evidence or argumentation for the successful implementation of the measures within the
scope and responsibility of the applicant shall be given;
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— formal statement that all measures within the scope and responsibility of the applicant have been
implemented successfully making reference to the documented evidence or argumentation;

— formal listing and handing over of all remaining measures to support the employer or entity
responsible for taking over and merging of the safety documentation of different subsystems and
organisations.

Preferably, for the documented evidence or argumentation, the safety demonstration shall give the link to
the project documentation but not repeat or summarise content. Such project documentation can for
example comprise

— engineering input data (environmental conditions and isokeraunic level, field of application etc.),
— O&M manuals (intended use, instructions to use, basic switching procedures etc.),

— operational documentation (Operator's supplementary documentation to the O&M manuals),

— drawings,

— wiring manuals,

— equipment documentation (equipment drawings, O&M manual, T&C manuals etc.),

— test reports (routine or factory acceptance tests of equipment, commissioning test reports etc.),

— studies and calculations (insulation coordination, protection coordination, earthing concept, load flow,
short circuit calculation, dimensioning of components etc.),

- etc.

The complete set of documents and arguments ensures that the system is safe. The safety
demonstration shall be based on the quality management of the applicant, especially regarding the
traceability of measures over future modifications.

5 Generic risk assessment

For this Technical Specification, a generic risk assessment has been performed for the generic electric
traction system and related subsystems identified in Clause 6. The system hazards that could lead to the
top-level hazards and foreseeable accidents listed in Clause 4 have been identified and documented in
the tables in Annex A. For each hazard, the measures have been listed in the same tables. The
measures that are common practice are summarised in Clause 8. Based on long experience in the field of
electric traction systems the residual risk is considered as broadly acceptable if compliance with the
applicable measures is achieved.

A single component may fail in performing the intended function. In general, a single point failure shall not
cause an incident leading to injuries or fatalities with some exceptions or limitations. The residual risks
are broadly accepted, as there was no incident reported in large networks over many years of operation.

EXAMPLE 1 With a high percentage the breakage of a contact system, e.g. catenary wire, leads to a short circuit. To ensure this,
there are certain requirements regarding earthing and bonding e.g. of adjacent structures like fences. The short circuit is detected
and switched off. The time between the loss of mechanic integrity and the switching off is an inevitable time at risk. There is a small
residual risk that the catenary wire may break undetected without causing a short circuit.

EXAMPLE 2 A switchgear for feeding the contact system may not be able to switch off a short circuit caused by a switchgear
failure. The next back up level switchgear will switch off the current, but will need more time. Components like cables or catenary
wires are rated for this scenario; nevertheless, there is a risk that the permissible short-term touch voltages are not maintainable
during those rare and short events.

The measures resulting from this generic risk assessment can be considered as a Code of Practice for
the design, operation and maintenance of electric traction systems within the scope of this Technical
Specification. The measures establish an adequate risk reduction with regard to the hazards identified.

6  System definition

The following system definition describes the reference system for the application of CLC/TS 50562.
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6.1 Electric traction system
6.1.1 Function

The electric traction system controls, converts and transmits electric energy to the trains and other
installations along the line via the contact line system and return circuit.

6.1.2 Equipment

The electric traction system comprises the following main installations and components including their
auxiliary power supply as outlined in Figure 2. The nominal voltage of the electric traction system is in
accordance with EN 50163,

high voltage
installations
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Figure 2 — Electric traction system and its interfaces

The subsystems are

— substations and switching stations including control and protection,
— contact line system,
— return circuit.

6.2 Substations and switching stations
6.2.1 Function
6.2.1.1 Introduction

The function of the substations or switching stations is the conversion, switching, control, protection and
interlocking of electric traction power; in detail:

— to connect supply levels electrically;

— to ensure a sufficient galvanic separation of supply levels where necessary;

— to transform the level of voltage or frequency into the level of electrical power required for the
application fed by the relevant substation;
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