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Issue Date Comments
One December 2014 Original document

This document has been developed under project
09/013a to identify existing in-scope requirements
and reduce costs associated with establishing
compatibility between energy and rolling stock
subsystems. The document retains in scope
requirements from GE/RT8025 issue three and
GL/RT1254 issue three and specifies new
requirements needed to establish electrical
compatibility between the two subsystems.

Superseded documents

The following Railway Group documents are superseded, either in whole or in part as

indicated:

Superseded documents

Sections superseded Date when
sections are
superseded

Lines

GE/RT8025 issue one Electrical
Protective Provisions for Electrified | part of B 4.5.1, B 4.5.2,

B 4.1, partsof B 4.2, B 4.3, | 07 March 2015

B 4.5.3, parts of B 4.6.

GL/RT1254 issue one Electrified
Lines Traction Bonding

Part of 4.1.3 07 March 2015

Other parts of GE/RT8025 issue one are superseded by GM/RT2111, issue one, Rolling
Stock Subsystem and Interfaces to AC Energy Subsystem.

GE/RT8025 issue one Electrical Protective Provisions for Electrified Lines, ceases to be in
force as of 07 March 2015 for AC subsystems.

GL/RT1254 issue one Electrified Lines Traction Bonding, ceases to be in force as of 07
March 2015 for AC subsystems.

Supply

The authoritative version of this document is available at www.rgsonline.co.uk.
Uncontrolled copies of this document can be obtained from Communications, RSSB,
Block 2, Angel Square, 1 Torrens Street, London EC1V 1NY, telephone 020 3142 5400 or
e-mail enquirydesk@rssb.co.uk. Other Standards and associated documents can also be

viewed at www.rgsonline.co.uk.
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Part 1 Purpose and Introduction
11 Purpose

1.11 This document mandates requirements for the AC energy subsystem, in order to
manage interfaces with rolling stock. This document also mandates requirements
for the safety of the AC energy subsystem, where this aligns with the Energy
(ENE) TSI.

1.1.2 This document contains an ‘open point’, as set out in Appendix A, to address
requirements that have not yet been specified but which are within the scope of
the document.

1.2 Introduction
1.2.1 Background

1.2.1.1 This document consolidates existing practice for 25 kV AC electrification, and
mandates requirements in line with EU requirements for interoperability and a
migration towards a uniform system for the Great Britain (GB) mainline 25 kV AC
electrified railway, while continuing to give compatibility with existing rolling stock.

1.2.2 Supporting documents
1.2.2.1 The following Rail Industry Guidance Note supports this Railway Group Standard:

GL/GN1610 Guidance on AC Energy Subsystem and Interfaces to Rolling
Stock Subsystem

1.3 Approval and authorisation of this document

1.3.1 The content of this document was approved by Energy (ENE) Standards
Committee on 04 September 2014.

1.3.2 This document was authorised by RSSB on 03 November 2014.
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Part 2 Electrical Requirements
2.1 Technical requirements
2.1.1 System voltage
2.1.1.1 The system voltage shall comply with the requirements of EN 50163:2004+
A1:2007 clause 4.1, applicable to the 25 kV AC 50 Hz system, excluding the UK
special national condition set out in Annex B of EN 50163:2004+A1:2007.
2.1.1.2 The minimum value of ‘mean useful voltage at the pantograph’ shall be 22 kV for
lines speeds of less than or equal to 200 km/h, and 22.5 kV for lines speeds
greater than 200 km/h calculated using the method set out in EN 50388:2012
clauses 8.2 and 8.4.
2.1.2 Frequency
2.1.2.1 The nominal system frequency shall be 50 Hz. The frequency range shall remain
within the limits specified in EN 50163:2004+A1:2007 clause 4.2, for systems
with ‘synchronous connections’.
2.13 Short circuit fault levels
2.1.3.1 Where all rail vehicles using the route are compatible with the parameters set out
in Table 1, the maximum values for short circuit faults between the energy
subsystem overhead contact line (OCL) (including other 25 kV conductors) and
infrastructure or vehicles connected to the traction return rail, and falling within
the contact line zone, as set out in 3.2.1, shall comply with Table 1.
Maximum rms Maximum fault | Maximum Maximum Maximum
fault current duration with fault number of cumulative fault
[EN50388:2012, back-up duration reclosures duration with main
clause 11.2] protection with main permitted protection
protection operating and
operating maximum number
of reclosures
15 kA 1s 200 ms 2 600 ms
Table 1  Fault current characteristics — target system
2.1.3.2 Where all rail vehicles using the route are not yet compatible with the parameters
set out in Table 1, the maximum values for short circuit faults between the energy
subsystem OCL (including other 25 kV conductors) and infrastructure or vehicles
connected to the traction return rail, and falling within the contact line zone, as set
out in 3.2.1, shall comply with Table 2.
Maximum rms Maximum fault | Maximum Maximum Maximum
fault current duration with fault number of cumulative fault
back-up duration reclosures duration with main
protection with main permitted protection
protection (see Note 1) operating and
operating maximum number
of reclosures
6 kA 1s 250 ms 2 750 ms
12 kKA 1ls 250 ms 1 500 ms
15 kA 0.65s 150 ms 1 300 ms
Note 1: Where vehicles are not yet compatible, the allowable number of reclosures is
limited. See 2.1.5.3.
Table 2 Fault current characteristics for compatibility with existing rail vehicles
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2.1.3.3 The magnitude of the maximum peak current associated with the maximum short
circuit fault levels set out in 2.1.3.1 and 2.1.3.2 shall not exceed 2.5 times the
values of the maximum root mean squared (rms) fault current set out in Tables 1
and 2.

2.1.3.4 The maximum circuit time constant (relating to the X/R ratio) at the contact line is
an open point.

2.1.4 Electrical protection co-ordination

2.1.4.1 Substation and sectioning location protection systems shall meet the
requirements of EN 50388:2012 clause 11.2.

2.1.4.2 The disconnection times for the energy subsystem equipment under short circuit
fault conditions shall be within the maximum values set out in 2.1.3.1 and 2.1.3.2,
with the electrical protection system operating normally or where back-up
protection operates.

2.15 Loss of line voltage and reclosure procedure

2.1.5.1 When the power supply to the OCL is switched off (for example, by a protection
system) and is to be restored, the switching process and timing shall be as set
out in EN 50388:2012 clause 11.3. Reclosure shall not be attempted within three
seconds.

2.1.5.2 The reclosure sequence shall be one reclosure of the track feeder circuit
breakers after at least a three second delay following the initial trip.

2.1.5.3 When the track feeder breaker trips on closure and reclosure is permitted, as set
outin 2.1.3.1 and 2.1.3.2, there shall be a delay of at least one minute before any
subsequent reclosure of the track feeder circuit breaker.

2.1.5.4 When main protection is not available, or if back-up protection operates,
reclosure shall not take place without further investigation or testing to ensure the
fault condition is no longer present.

2.1.6 Train current and power factor

2.1.6.1 The energy subsystem shall be designed to operate with a maximum allowable
train current for each train of not less than 300 A (Imax), at any voltage in the
range, as set out in EN 50388:2012 clause 7.2, Figure 1.

2.1.6.2 The energy subsystem design shall be compatible with traction units having a
power factor as set out in EN 50388:2012 clauses 6.2 and 6.3. Where the energy
subsystem is required to support the operation of non-TSI compliant rolling stock,
the design shall take account of their power factors.

2.1.7 Regeneration compatibility
2.1.7.1 The AC energy subsystem shall permit the use of regenerative braking.

2.1.8 Electrical insulation co-ordination

2.1.8.1 Insulation which separates 25 kV exposed live parts of the OCL from earth shall
have the following dielectric withstand rating values, except where 3.1.7.3 results
in a reduced value. These values are co-ordinated with the values set out in
EN 50124-1:2001+A2:2005:

a) Basic insulation:
e Rated impulse voltage (Uni) = 200 kV peak. Corresponding to an air

clearance of 370 mm assuming the worst case dielectric condition of the
electrodes.
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b) Functional insulation:

e Rated impulse voltage (Uni) = 145 kV peak. Corresponding to an air
clearance 270 mm assuming the worst case dielectric condition of the
electrodes.

¢) Reinforced insulation:

e Rated impulse voltage (Uni) = 320 kV peak. Corresponding to an air
clearance of 600 mm.

2.1.9 Harmonic overvoltages on the overhead line

2.191

In order to achieve electrical compatibility between the energy subsystem and
electric rail vehicles, harmonic overvoltages shall be limited below critical values,
as set out in EN 50388:2012 clause 10.4.

2.2 Safety requirements
221 Protective provisions against direct contact — general

2211

2.2.1.2

Protective provisions against direct contact with exposed live parts of the energy
subsystem shall comply with the requirements set out in EN 50122-
1:2011+A1:2011 clause 5.1. The protective provisions shall be by safety
clearances or, where the safety clearances are not achievable, by obstacles.

Return conductors shall be treated as high voltage equipment in relation to
protective provisions against direct contact.

2.2.2 Protective provisions against direct contact — protection by clearance

2221

2222

2223

2224

Exposed live parts of the energy subsystem, including a pantograph head
(complying with 3.1.6.1 and in contact with the contact line), shall comply, at all
locations, except where 2.2.2.2 applies, with the clearance requirements set out
in EN 50122-1:2011+A1:2011 clause 5.2.1, using the public area dimensions in
Figure 4. The United Kingdom special national condition relating to clause 5.2.1,
as set out in EN 50122-1:2011+A1:2011 Annex G, shall not be used.

It is permissible, where existing physical features of a particular site constrain the
gauge (for example, overline bridges and tunnels) and it is not reasonably
practicable to modify them or the public platform area, for a pantograph head,
conforming to 3.1.6.1, which is in contact with the contact line, to encroach into
the area defined in EN 50122-1:2011+A1:2011 clause 5.2, Figure 4 (public area),
provided that reinforced insulation in accordance with 2.1.8.1 c) is maintained
between persons, including any foreseeable objects they may be carrying, and
the nearest part of the pantograph head, where justified by a risk assessment
complying with the Common Safety Method for Risk Evaluation and Assessment
(CSM RA) and the application of appropriate safety measures. Requirements for
other live parts of the train-mounted equipment are set out in GL/RT2111 clause
3.16.1.

With the exception of routes electrified using the auto-transformer system,
exposed live parts shall be positioned no lower than 5.2 m above any standing
surface, under the worst conditions of temperature and loading, at those locations
where the lateral distance from the live parts to the closest running rail is greater
than 3 m.

For routes electrified using the auto-transformer system, exposed live parts shall
be positioned no lower than 5.2 m above any standing surface, under the worst
conditions of temperature and loading, at those locations where the lateral
distance from the live parts to the closest running rail is greater than 5 m.
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2.2.2.5 Inthe case of return conductors, where the safety clearances set out in 2.2.2.1
cannot be achieved, the return conductor shall be protected by an obstacle, as
set out in 2.2.3, or insulated to achieve a rated insulation voltage of 3 kV (rms).

2.2.3 Protective provisions against direct contact — protection by obstacles (screens)
2.2.3.1 If the clearances set out in 2.2.2 cannot be achieved, protection by an obstacle
shall be provided in accordance with EN 50122-1:2011+A1:2011 clauses 5.3.1 to
5.3.3.
2.2.3.2 Using an electrical clearance in accordance with Table 5, the nearest proximity in
air, between an exposed live part and an obstacle, shall be determined in
accordance with EN 50122-1:2011+A1:2011 clause 5.3.1.
2.2.3.3 For routes electrified using the auto-transformer system, where protection by
clearance or protection by obstacles cannot be achieved, the feeder conductor
shall be an insulated and screened cable, meeting the requirement for basic
insulation set out in 2.1.8.1a).
2.2.4 Indirect contact, exposed conductive parts, touch voltages and rail potential
2.2.4.1 Protection against electric shock shall be achieved by compliance with the touch
voltage requirements set out in EN 50122-1:2011+A1:2011 clauses 6.1, 6.2.1,
9.1 and 9.2.
2.3 Safety warning signs
2.3.1 Warning to crews on trains approaching a neutral section forming a phase
separation section
2.3.1.1 At phase separation sections, sighs AJ01z and AJ02z, as set out in GI/RT7033,
shall be provided (see Appendix B). Signs shall be placed at the trackside and
readable for a minimum of two seconds at the highest permissible (including
enhanced permissible) speed approaching the location concerned.
2.3.2 Warning to crews on trains of a traction system changeover
2.3.2.1 On the approach to an electrical changeover from 750 V DC to 25 kV AC, signs
AJ04z and AJ05z, as set out in GI/RT7033, shall be provided. Signs shall be
placed at the trackside and readable for a minimum of two seconds at the highest
permissible (including enhanced permissible) speed approaching the location
concerned.
2.3.3 Overhead contact line structure identification plate
2.3.3.1 Every OCL structure shall be provided with an identification plate giving the
structure reference code (unique within the area). The size and location shall be
such that the text shall be readable from the cab of a train at rest.
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Part 3 Mechanical Requirements

3.1 Overhead contact line geometry and gauging

3.1.1 Nominal contact wire height

3.1.1.1 On lines with speeds of less than 250 km/h (155 mph) the nominal contact wire
height shall be 4700 mm.

3.1.1.2 On lines with speeds of 250 km/h (155 mph) and above, the nominal contact wire
height shall be in the range between 5080 mm and 5300 mm.

3.1.2 Maximum contact wire height

3.1.2.1 The maximum contact wire height, including OCL and track tolerances, shall be
5940 mm in static conditions and 6200 mm with uplift.

3.1.3 Minimum contact wire height and design contact wire height

3.1.3.1 The minimum design contact wire height shall be calculated in accordance with
EN 50119:2009+A1:2013 clause 5.10.5 and Figure 1, taking into account:

a) The maximum swept envelope height defined by the maximum co-ordinates
of the upper gauge(s), as set out in GE/RT8073, for standard vehicle gauges
of rail vehicles permitted or intended to be used on the route.

b) The value of Electrical Clearance (EC) shown in EN 50119:2009+A1:2013
Figure 1, between the swept envelope height defined by the co-ordinates in
a) and the contact wire determined according to the requirements set out in
3.1.7 of this document.

3.1.3.2 On lines with speeds of less than 250 km/h (155 mph) the minimum contact wire
height shall be not less than the standard vehicle gauge static height of 3965 mm,
as set out in GE/RT8073, plus the static electrical clearance determined in
accordance with 3.1.7 of this document, subject to a minimum of 4165 mm.

3.1.3.3 On lines with speeds of 250 km/h (155 mph) and above, the minimum contact
wire height shall be not less than 5080 mm.

3.14 Minimum contact wire height — earthed wire

3.1.4.1 The minimum earthed contact wire height shall be calculated in accordance with
EN 50119:2009+A1:2013 clauses 5.10.4, 5.10.5 and Figure 1, taking into
account:

a) The maximum swept envelope height defined by the maximum co-ordinates
of the upper gauge(s), as set out in GE/RT8073, for standard vehicle gauges
of rail vehicles permitted or intended to be used on the route.

b) A clearance of 80 mm between the swept envelope height of the rail vehicle
and the contact wire, as the value designated as EC in
EN 50119:2009+A1:2013 Figure 1.

3.15 Contact line height at level crossings

3.1.5.1 The minimum height of exposed live parts of the contact line and its associated
feeders and clearance to road vehicles at road level crossings and private level
crossings shall be as set out in Table 3.
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System voltage Minimum Minimum clearance Provisions
height to road vehicle
25 kV AC 5800 mm 600 mm Crossing user warning
signs

Table 3 Minimum height of exposed live parts at road level crossings and private level
crossings

3.1.5.2 ltis permissible to reduce the height of exposed live parts at road level crossings
and private level crossings to 5.6 m where justified by a risk assessment
complying with the CSM RA and the application of appropriate safety measures.

3.1.5.3 The minimum height of live parts of the contact line and its associated feeders at
footpath and bridle path level crossings shall be as set out in Table 4.

System voltage Minimum Provisions
height
25 kV AC 5200 mm Crossing user warning signs, including those

advising horse riders to dismount before
crossing, if necessary

Table4 Minimum height of exposed live parts at footpath and bridle path level crossings

3.1.6 Contact wire lateral deviation

3.1.6.1 The OCL geometry shall be designed to be compatible with the pantograph
profiles set out in EN 50367:2012 Figures A.6 and B.6.

3.1.6.2 For upgrade or renewal of existing lines, the contact wire shall not approach
within 200 mm of the outer end of each pantograph horn, taking into account the
sway of the pantograph.

3.1.7 Electrical and mechanical clearances

3.1.7.1 Electrical clearances to exposed live parts of the OCL, including raised
pantograph heads in contact with the contact wire, are dimensioned as set out in
Table 5.

3.1.7.2 The maximum reasonably practicable value of electrical clearance shall be
provided.

3.1.7.3 Where it is not reasonably practicable to provide clearances in the ‘normal’
category, it is permissible for smaller clearances to be used where justified by a
risk assessment complying with the CSM RA and the application of appropriate
safety measures.

3.1.7.4 For all rail vehicles permitted to use the route, electrical clearances shall take into
account the gauge and pantograph sway envelope, as set out in in GM/RT2149.
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