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A Junior Vice President (JVP)’s thoughts on IRSE Conventions 

The IRSE Convention is for me primarily a unique opportunity to meet S&T Engineers 
from all over the world and have the opportunity to share experiences and 
information.  I always return with a list of information I have agreed to send other 
members.  It is also of course an opportunity to see different types of S&T equipment 
and systems, both new and old, with unparalleled access and insight from suppliers 
and clients.   

Until you have attended a Convention, it is hard to appreciate its value for 
professional development. 

As those who have attended a Convention know, it is not all ‘hard graft’, although 
it does take a certain amount of stamina to show interest in the latest shade of grey  
19-inch rack which doesn’t even have flashing LEDs.  It always amazes me how so 
many people rush to take photographs of such things!  Whether they ever show them 
to family or colleagues I wouldn’t know, and indeed I cannot imagine the resulting 
excitement.  Doubtless there is a ‘spotters club’ of some kind in the signalling 
underworld.  

Wherever we go in the world some of our members seem to have amazingly 
detailed knowledge of local systems and operation, often with regard to features ‘I did 
not even know I did not know about’.  A trivial example was at lunch on the Friday 
when a group of members arrived to tell us that they had just gathered in one of their 
Hotel rooms to witness a monorail train enter the depot, visible from the window.  
Apparently one of them knew that at 12:00 the depot points would swing for a train to 
enter.  And to think they might have missed it………. 

Almost without exception it is a pleasure to have the opportunity to chat with 
colleagues, discover their interests and views on the signalling world, interspersed 
with conciliatory and sympathetic comments regarding their latest trauma with ETCS 
or the inability of the radio system to achieve the required service.  There are 
occasionally exceptions and I made a resolution to in future, wherever possible, avoid 
Ian Allison, given the high likelihood of being ‘fingered’ for producing IRSE NEWS 
articles!   

Dave Weedon 

(Further reports on the Convention will appear in Issue 175) 
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European transport policy aims to increase the railway’s share of inter-modal traffic 
and promote liberalisation of the European railway network.  This creates new basic 
conditions for infrastructure operators’ competitiveness and operation management.   
Austrian Federal Railways (ÖBB) today faces stress of competition, high labour costs, 
interest in profit by their owners and increased customer expectations.  Taking into 
account safety, quality and economic efficiency, the primary aim of an infrastructure 
operator is a sustainable increase in network performance through optimised use of 
the given infrastructure.  The precondition is an operation management system that 
includes all the elements along the value chain (methods, technologies and processes) 
which are needed for efficient train operation. The fundamental characteristics of the 
Austrian operation management system are interoperable integration of the 
conventional technologies of signalling, control and information into a comprehensive 
system, whilst safeguarding the investment represented by the installed base.   

The approximately 5500 km of the Austrian railway network carry 7500 train 
movements with more than 200 million passengers and 90 million tons of freight every 
year.  There are around 530 manned stations.  The railway is operated by various 
different signalling systems (mechanical, relay and electronic interlockings), which 
need high levels of staff resources.  A modern operation management system allows 
the operator to optimise usage of the infrastructure.   

Since the 1980s, ÖBB have been laying the foundations for a future-oriented 
operation management system.  Cost improvements have been achieved by the 
rollout of modern electronic interlocking systems that allow small remote control areas 
and the network wide dispatching system.  Today the Austrian network has one of the 
densest installations of remotely-controlled electronic interlockings.    

The future core business of ÖBB as infrastructure operator is on the one hand to 
operate train movements for various train operators with highest quality without 
discrimination, and on the other hand to market the infrastructure by selling routes as 
much as possible while ensuring the highest safety and quality.  So ÖBB's tasks as 
infrastructure provider can be divided into: 

 allocation and support of infrastructure for all train operators without 
discrimination - selling routes and billing, creating conflict-free timetables, 
maintaining the network and so on; 

 management of operations - route management, dispatching and disturbance-free 
execution of train and shunting movements, and provision of consistent customer 
information. 

Achieving this requires a state-of-the-art operation management system, the main 
requirements for which are as follows: 

 The various different systems, structures, organisations, products and their 
technological potential must form an integrated whole; 

 Additional tools and systems must be developed and integrated into the 
operation management system to ensure not only technical safety but also 
operational safety, taking into account people and processes; 

 Centralisation and the complexity and variety of systems mean that the operation 
management system must have the possible highest availability and reliability, 
over a total life cycle of at least 25 years; 

 The acceptance of new technologies and proper operation using them require 
new training concepts and roles. 

Development of the operation 
management system must take account of 
existing technology in Austria. 

Route control is by interlockings using 
different technologies and specific 
operation.  The Austrian network today is 
controlled by around 800 interlockings, 
more than 200 of them of modern 
electronic types.  When they first 
introduced electronic interlockings ÖBB 
published a specification for a standard 
graphical user interface which must be 
provided by every interlocking supplier.  
This provides the same “look and feel” to 
the operator regardless of supplier. 

Local remote-control areas have 
different remote control systems providing 
limited degrees of automatic operation.  For 
electronic interlockings with remote control 
capability ÖBB defines a standard remote 
control interface protocol called X.25.  
Every electronic interlocking supplier must 
provide an X.25 remote control interface. 

Timetabling and dispatching are 
independent of route control.  Since the 
1990s, computer-based control centres 
using ARAMIS – Advanced Railway 
Automation, Management and Information 
System – have supervised railway traffic in 
Austria.  Timetabling and dispatching are 
done centrally, and cannot exchange data 
with the operational level.   

Various interfaces to passenger 
information systems are in use and there is 
no consistency of data structures. 

Modern train control systems such as 
the European Train Control System (ETCS) 
are integrated into the automated 
operation. 

Railway Operation Management in Austria 
By Claus Messauer - Product Manager with Thales Austria GmbH  

Paper to be read in London on 10 January 2012 
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The principal task of operational management is the safe and 
economic implementation of train movements and shunting moves 
within the controlled area.  ÖBB’s primary target is increased network 
performance, while continuing to maintain quality, safety standards 
and economic efficiency.  An integrated operation management 
system takes into account all elements along the value chain which 
are needed for train operation, including methods, technologies and 
processes. 

According to the official operating instructions, a “train” is a 
traction unit which on its own or in combination with other vehicles 
can move on to unoccupied track, and is clearly identified by a train 
number.   

A fundamental feature is that the timetable is the basis for train 
operations.  Timetabling has to be carried out allowing an appropri-
ate lead time.  Basically, timetables are generated one year prior to 
the actual train run by the route management department.  By the 
change of the yearly timetable at the latest, the timetable is handed 
to the infrastructure operator.   

The requirements of the timetable are actually carried out locally 
(usually at stations) by Stationmasters who are responsible for safe, 
timely execution of train movements and shunting moves.  Signalling 
systems, that is interlockings with track vacancy systems as well as 
block systems for train protection, support the Stationmaster in safe 
traffic operation.  At one time adherence to timetable had to be 
achieved without any system support.  The only tools available to 
assist were printed timetables in the form of train lists and time-
distance diagrams.   

Not until the national Austrian Network Management System 
(NMS) with ARAMIS and the network-wide network management 
centre were introduced by Thales in the 1990s were automatic data 
acquisition of train routes and graphic display of imbalances in the 
form of time-distance diagrams available.   

Today more than 230 electronic and relay interlockings are 
connected to this NMS via so-called station computers.  These gather 
the train, track, signalling and equipment data (train number, train 
position, signalling situation, technical disturbances, causes of delays) 
required by the NMS.  The network management centre has an up-to-
date overview of the total operations, but it cannot immediately 
exercise influence on the operating level.  Deviations from normal 
operations and resulting dispatching activities must be communicated 
by telephone to local Stationmasters who take these changes in route 
control into account.  By exhausting the possibilities of state-of-the-
art computer technology and subsequently by use of automated 

operation, timetable-based route control was possible in 
fact, though only at regional level.   

Whilst in the past the main focus was on safety aspects 
only, in the future competitive as well as economic efficiency 
in accordance with the highest safety will be the ultimate 
target.  So ÖBB’s aim is to manage all railway operations in 
Austria from five Operation Management Centres (OMC) 
and a single Network Management Centre (NMC).  The 
NMC will be located physically in Vienna, and the five OMCs 
in Vienna, Salzburg, Linz, Villach and Innsbruck (see Figure 1).   

The OMCs will combine dispatching and operational 
competence, whereas the NMC will only do dispatching.  So 
the rigid separation of dispatching, control and signalling will 
be a thing of the past.  The main focus of the concept is 
centralisation and the highest degree of automation to 
achieve optimum use of resources.   

Figure 2 shows the architecture of the operation 
management system at a high level of abstraction.  At the 
top is the single NMC responsible for supervising railway 
traffic across the whole of Austria, and for coordination of 
traffic with neighbouring infrastructure operators such as 
Germany.   

The next important level is the OMC which is responsible 
for all timetabling, dispatching, operation and information in 
its region.  All the interlockings in an OMC area (typically 80 
of them) are linked directly to the OMC's vital core.   

As a key element of the integrated operation 
management system, the NetTrac 6613 ARAMIS product 
family is used in the NMC and OMCs.  Its main modules are: 

 ARAMIS-D (Dispatching); 

 ARAMIS-P (Planning) - timetabling and route 
management; 

 ARAMIS-C (Control); 

 ARAMIS-A (Archiving) - statistics; 

 ARAMIS-B (Broker) - distribution of data.   

Figure 1.   
The Austrian Railway network will 
be operated via five Operation 
Management Centres  (OMC) 

Figure 2.  Architecture of the Operation Management System 
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ARAMIS provides a seamless, integrated solution for operation 
management, from planning to distribution of routing plans to 
Automatic Train Route Setting systems (ATRS) via electronic data 
interfaces (see Figure 3). 

The architecture of the ARAMIS servers is designed for 
maximum availability.  To make the system fail-proof and to 
increase availability, the servers are bay-mounted in different 
buildings with independent power infrastructure and connected 
over a Transmission Control Protocol/Internet Protocol (TCP/IP) 
network.  The data is stored in a storage area network and 
archiving is performed with a tape robot.  Thus the system can 
still work with full functionality even if some parts fail.   

The core of the system is a redundant three-computer cluster 
with a central Oracle database.  The servers are specially 
qualified, highly available, powerful computers housed in racks 
for operation 24 hours a day, seven days a week, with automatic 
redundancy switch-over functions.   

Operator clients in the NMC and OMCs are connected to this 
cluster via internal TCP/IP networks.  Other customers such as 
train operators access process data via four regional mirror servers; 
to increase client availability, each has links to two separate 
mirror servers.  The larger passenger and freight operator 
centres favour the native ARAMIS clients, whereas the smaller 
train operators prefer the hardware-independent Web-Client 
which runs on any browser.  The migration of the four former 
independent regional dispatching centres to a single central 
NMC cluster results in simpler, more efficient maintenance and a 
properly consistent database. 

For many years UIC 407-1 data records have been provided 
by ÖBB using modern interfaces and Internet protocols.  Today, 
no fewer than six neighbouring countries mutually exchange data 
via this interface with ARAMIS-D.   

The ARAMIS system was developed in accordance with the 
specifications of several leading railway operators.  The needs of 
different user roles, such as Infrastructure operator and Train 
operator, received consideration during the software 
architecture phase.  The ARAMIS product family is distinguished 
by a high degree of modularity, excellent availability, future-
oriented technology and standard interfaces.  All modules are 
based on a client-server architecture, and the servers run under 
the Linux or OpenVMS operating systems.  The servers use an 
Oracle database and redundant hardware.  All software packages 
were developed on the basis of advanced programming 
technologies so that they are future-oriented.  Each module can 
be expanded as required to adapt it for a specific country or a 
specific customer. 

ARAMIS provides an efficient, homogeneous human-machine 
interface for operations, dispatching and route planning 
management tasks.  For user roles such as Dispatcher and 
Stationmaster, presentation and privileges are predefined by the 
operational system administrator.  As the system is deployed the 
quality of the production process is increased and faster, more 
flexible reaction to disturbances is possible.  In particular the PC 
workstations, which can be operated outside the control centre 
with restricted privileges down to simple reading mode, 
considerably improve communication with stationmasters and 
service personnel on site.   

The typical dispatcher desk has from five display units (in the 
OMC) to ten (in the NMC).  As many windows as required can be 
arranged on one screen.  The operator can thus open a pre-
configured graph or table on request by a mouse click.  The 
representation and the number of menu items selectable after 
log-in can be pre-set by means of user roles.   

Figure 3.  ARAMIS Modules for ÖBB 

Figure 4. 
The Salzburg OMC 
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The NMC in Vienna is responsible for the supervision of all 
timetabled, high quality trains in Austria and is based on the 
network management system already described.  The 
dispatcher in the NMC and the dispatcher/operator in the 
OMC work with the same network and dispatching 
management systems.  What content is viewed, and who is 
allowed to modify it, is clearly defined with the aid of user 
roles and log-in identifiers.  The highly-available three 
computer cluster-server receives and correlates the latest 
data from the various regions within seconds.  This allows 
true end-to-end operation across the entire country.   

In the regions, the positions of trains and corresponding 
data are collected automatically by the so-called station 
computers, complemented if necessary by the local 
stationmaster or the OMC operator.  In the NMC an image 
of the operational situation is obtained by correlating actual 
and target data and by means of forecast calculations.  In 
addition conflicts (connections, train sequence, encounter, 
occupation conflicts) are detected and depending on the 
configuration are visualised in the form of dialogues.  Thus 

the impact of speed limitations, re-routing and operational measures 
is recognised at an early stage, and appropriate measures can be 
initiated.   

All user clients of ARAMIS are fed with online data from the NMC 
via ÖBB’s own intranet or via the Internet.  The NMC cannot control 
an operation management centre remotely.  Dispatching can only be 
done via ARAMIS information (all clients have the same information) 
or by telephone. 

National and European regulatory provisions make it increasingly 
important to inform all personnel involved via an advanced 
automated system, and to log the operations process.  So for 
example it must be possible to prove from a performance record 
that operation did not discriminate against an operator, or to 
substantiate invoices.  ARAMIS performs this task automatically by 
means of efficient playback and archiving functions.  Moreover the 
infrastructure operator’s customers can be kept permanently 
informed via the Internet by means of client-safe ARAMIS web 
clients.  So each train operator can follow its trains on the PC and 
enter, receive and transmit train data electronically. 

Figure 6.  One of the twenty workstations in the Salzburg OMC 

Figure 5.  Panoramic view of the Salzburg OMC 
Photos 4, 5, 6 and 12 courtesy of  ÖBB 
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The Operation Management Centre 

Unlike the NMC (which only performs dispatching), the OMC is 
fully responsible for operation and information as well as 
dispatching, in accordance with instructions from the NMC.   

Operational management in the OMC can be subdivided into 
two main levels, control technology and signalling technology: 

 Control technology includes any non-vital systems and tools.  
They assist timetabling, dispatching and information in the 
main;   

 Signalling (that is, safety-related) technology is responsible 
for the execution of timetabling and dispatching 
specifications.  In case of deviation from normal operation, it 
must operate signalling equipment safely.   

This subdivision is reflected in the design of the OMC 
workstation, which is composed of ten visual display units, with 
an additional unit for the operating telephone system.  In the 
OMC at Salzburg for example, twenty OMC work station screens 
are provided (Figures 4, 5 and 6).   

The following user roles and key responsibilities are defined 
in the OMC:   

 Production preparation: Responsible for timetabling in 
advance, taking into account planned non-availabilities.  
Works with ARAMIS-P mainly; 

 Dispatcher: Responsible for dispatching trains in a defined 
area.  Works with ARAMIS-D mainly; 

 Stationmaster: Responsible for taking steps when deviations 
from normal operation arise (if automatic operation by 
Automatic Route Setting System (ATRS) is not possible), and 
for safe execution of shunting movements.  Works mainly 
with the signalling user interface EBO2; 

 Information manager: Responsible for providing consistent 
customer information.  Works with ARAMIS-D, ARAMIS-B 
and tools specific to the passenger information system;   

 Emergency manager: Responsible for management, 
information and co-ordination of rescue services, using an 
emergency workflow management tool. 

For timetabling and dispatching tasks the OMC uses the 
same ARAMIS client software as the operator desks in the NMC, 
so that all clients get data from the central Austrian database.   

All relevant data regarding trains, stations, tracks, 
disturbances, planned construction work, availability restrictions, 
blockages, speed restrictions, timetables and train connections 
are permanently and automatically processed and displayed.  
Such data processing and transmission is done in a matter of 
seconds.  Under the supervision of the OMC operator, 
peripheral systems such as passenger information systems are 
supplied with updated data.  Conflicts and delays are displayed 
to the OMC operator as they occur in meaningful graphs and 
tables.  Easily configurable filters manage this wealth of user 
information.  The initiation of countermeasures is considerably 
accelerated, and relevant information is distributed nation wide 
and automatically archived. 

Input of Delay Causes 

Acquisition of the causes of delays leads to a meaningful statistic 
that can be further analysed with ARAMIS-A.  Operators must 
document and justify delays that happen in their control area.  
The user can choose between predefined causes in the input 
mask, which facilitates analysis.  In the case of speed restrictions, 
the system can create and allocate the cause of delay 
automatically.   

Passenger Information Systems 

Synchronisation of Passenger Information Systems (PIS) with 
actual/planned operational situations can be performed easily 
and consistently via a data interface (to a single common 
ARAMIS database).  For example the arrival tracks and the arrival 
and departure times are transmitted to the PIS.  When a train is 
diverted to another track, a new dataset is automatically 
transmitted to the PIS.  In ARAMIS the display panel shows all 
relevant data, clearly arranged (see Figure 7). 

Figure 7.  Display Panel for PIS Control Figure 8.  Route Management Editor 
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Certain error messages and alarms are displayed dynamically in 
context in the line graph.  In principle all alarms can be displayed 
in the map, the line graph or in tables.  This includes, for 
example, problems with ticket machines, lighting, escalators, the 
passenger information system, loudspeakers on the platforms 
etc.  Thus the operation management centres consider for their 
decision the availability of the local equipment. 

As in the past, the timetable is the basis for running trains.  The 
annual timetable is transmitted via electronic interface from the 
ÖBB’s annual timetable tool to ARAMIS-P.  This module is the 
tool for the preparation of all timetabling data until shortly 
before the train runs.  An essential requirement for automated 
operation is an exact timetable in terms of individual tracks, 
which means that the timetable has to meet the requirements of 
automated operation and route setting.  With the route traffic 
management module an efficient system is available for prepar-
ing, editing and managing timetables and station running orders 
(including annual timetables, special timetables, ad hoc time-
tables, diversion/operational timetables).  The module is 
completely integrated into ARAMIS in particular as regards the 
storage of data (infrastructure, master data, configuration 
management, etc.). The depth of detail and quality of the 
timetables complies exactly with the requirements of the 
automatic train routing systems, so that timetables are mapped 
with exact route detail via the complete system. 

ARAMIS-D is the core module which as an option can be 
operated individually with all product modules.  Its functions go 
beyond a pure display of process data with time-distance graph, 
station graph, map, connection graph, node graph and line 
graph.  On customer request even the train composition with the 
properties of individual vehicles can be imported via the UIC 407-1 
interface and edited in tables.   

The process chart is the basis of all ARAMIS-D functions.   
All train position messages, route telegrams and availability 
restrictions are taken over from the available interfaces, 
evaluated and archived for analysis and statistical purposes.   

The following functions are also available: 

 forecast calculation; 

 nominal/actual comparison; 

 determination of additional delays; 

 automatic delay causes (speed restrictions, blockages, 
failures). 

In addition process data can be completed by manual input and 
editing for those lines where supervision by automatic data 
collection would not be economic, including: 

 train running messages (for manually-supervised areas); 

 availability restrictions (line or track related); 

 delay causes; 

 operational disturbances. 
The process display shows the process chart, the plan data and 
the probable development/forecast of the process via a variety 
of  dialogues and graphs.  The principal displays include: 

 line graph with routing preview and operational retrospect; 

 time/distance graph with representation of occupation 
conflicts (see Figure 9); 

 station graph with representation of occupation conflicts 
and connections; 

 connection graph with representation of connections and 
connection conflicts; 

 graphical network overview (Figure 10) with representation 
of train positions, disturbances, network states etc.; 

 availability restrictions; 

 train list and operational disturbances. 
On the basis of the forecast and conflict detection, the new 
process flow is determined and displayed taking account of the 
timetable reserves, minimum stop times, connection conditions, 
occupation conflicts and availabilities (line, technology). 

Dispatching functions (inserting or removing a stop, changing 
stop time, changing tracks, two-way working, waiting conditions 
and train sequence) are carried out via direct intervention in the 
process flow, so that the effects of disturbances and timetable 
changes can be reduced to a minimum.  Via the control module 
ARAMIS-C dispatching actions carried out are forwarded directly 

Figure 9.  Train Graph  (Time - Distance Graph) Figure 10.  Network Graph   
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in the form of a train routing plan to the OMC automatic train 
route setting system via an electronic interface. 

The ARAMIS-C control module allows economic connection 
to the OMC automatic route setting system.  The data of the 
annual or daily timetable is converted into train routing plans 
(routes) and made available to the ATRS.  Because the module is 
completely integrated into ARAMIS all timetable changes 
(ARAMIS-P) and effected dispatching actions (ARAMIS-D) are 
updated automatically in the respective train routing plan and 
handed over directly to ATRS. 

The ARAMIS-B module can be configured as required to 
collect data from any data supplier (such as ARAMIS-P and 
ARAMIS-D) and distribute it to any number of data receivers such 
as passenger information systems, accounting systems, statistics 
systems etc.  The data is taken over and distributed in an event-
dependent, cyclical or sporadic manner to suit the receiving 
system. 

The ARAMIS-A module makes a multitude of standardised 
statistics and evaluations available, including statistics on 
punctuality, performance and technical and operational 
disturbances.  All statistics are based on the process data 
archived by ARAMIS-D.  The analyses can be carried out in an 
automated way via configurable profiles or individually with 
definable rules.  For the evaluation of the process data, the data 
is available for a definable period (day, week, month).  The 
statistics module optionally can use its own database with a 
considerably longer storing period. 

The train routing plan is imported into the ATRS via an electronic 
interface.  The ATRS is connected to the vital core of the 
operation management system.  The task of the OMC vital core 
is the safe remote control of interlockings integrated in the 
OMC, and generation of the EBO2 safe standard user interface 
in terms of signalling (see Figure 11).   

For deviations from normal operation and for shunting 
moves, the standard signalling user interface is available at 
workstations, on the bottom row of screens (see Figure 6).  
Based on the ATRS input, the OMC vital core generates 
appropriate route commands which are transmitted to the 
respective interlocking.  Via another interface, the OMC vital 
core forwards information on train movements to the station 
computer which again establishes a connection to ARAMIS.   
So there is a closed information flow between timetabling and 
actual operations, and this makes consistent passenger 
information available.   

Safety management and generation of interface data for the 
standard signalling user interface are carried out by the OMC 

vital core, as already mentioned.  In the past it was common 
practice to integrate the display computer into the traffic 
controller’s desk, but with the quantity of work stations in the 
OMC and the aim of reducing waste heat and noise in the 
operations room, in the OMC the display computers have been 
relocated to the computer room.  Now if they are connected by 
means of long cables without any additional components, the 
maximum separation is limited to a few metres.  However use of 
high class active computer displacement components makes it 
possible for the operations room and computer room in the 
OMC to be several hundred meters apart without degradation.  
The solution adopted in the OMC uses structured building 
cabling (copper, CAT7) for data and video signal transmission 
between the display computers located in the computer room 
and the work stations in the operations room. 

Interlockings are controlled remotely using duplicated 
redundant communication links between them and the OMC.  In 
general, one of these links works over the public communication 
network.  This is identified as an open data network, and so 
standard EN 50159-2 is applicable.  Due to potentially gradually 
changing transmission characteristics and the presumption of 
violation, the system is of class 7 in the EN 50159-2 classification.  
The other line usually uses a closed communication network.  
The mandatory X.25 standard communication protocol is used, 
to ensure efficient realisation of remote control of interlockings 
from different manufacturers. 

The standard remote control protocol does not explicitly provide 
security measures, but it supports adequate safety mechanisms.  
To fulfil the security requirements of EN 50159‑2, encryption is 
mandatory.  This functionality is provided by use of an 
encryption component, the Thales Datacryptor DCAP-LE (see 
Figure 12).  The version used can encrypt and decrypt data 
transmitted through the Datacryptor via an X.21 connection.  To 
safeguard a communication path, one DCAP-LE is required at 
the OMC and another at the interlocking.  The DCAP-LE acts as 
the interface component between the OMC safe signalling core 
in respect of interlocking, complying with the DCE (Data 
Communication Equipment) interface, and the open data 
network, complying with the DTE (Data Terminal Equipment) 
interface.  The DCAP-LE is implemented as a 19-inch module for 
mounting in standard 19-inch racks (see Figure 12).   

The DCAP-LE supports the Advanced Encryption Standard 
(AES) and the Triple Data Encryption Standard (3DES) as 
encryption algorithms.  AES is an algorithm specified by the US 
National Institute of Standards and Technology (NIST) and 
authorised for the encryption of top-secret Federal documents in 
the USA.  It is a popular and common cryptographic technique 
which is defined in a number of standards, including IEEE 
standard 802.11i.  By means of stored certificates and a 
corresponding validation at terminal points after transmission, a 
“key encryption key” is set by communication partners by 
applying the Diffie-Hellman technique.  This “key encryption 
key” is known exclusively by the two communication partners 
generating a new key which is encrypted by application of the 
AES technique and then communicated to the receiver.   Figure 11.  Standard EBO2 User Interface  
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The receiver, knowing the “key encryption key,” decrypts the 
new key and so knows the key of the sender, which is used for 
further communication.  Keys are generated using certificates 
and parameters, the certificates in use having been generated  
off-line by Thales Austria.  Any DCAP-LE device is pre-configured 
by Thales Austria.  In the same process the required certificate 
data is uploaded.  All OMCs supplied by Thales Austria use the  
DCAP-LE system solution for communication via open networks. 

The "closed" link between the OMC and an interlocking is 
normally set up on a local link (LL) provided by the ÖBB.  The 
resulting communication system meets the requirements of a 
closed communication network according to EN 50159‑1.  So a 
system solution is implemented based on network-switch and LL 
modem technology with communication networks using LL ring 
topology.  An OMC vital core can communicate with a certain 
number of interlockings per ring connection.  Communi-cation 
within the ring is Ethernet-based.  Access to the ring within an 
OMC or interlocking is via so-called X.21 modules.  One module 
creates up to four X.21 connections.  By correlative configuration 
of these components, point-to-point connections between the 
OMC and the interlockings are enabled as required via ring 
topology.  Identical basic components are used in OMCs and 
interlockings.  In the OMC they can be cascaded, due to the fact 
that within an OMC as many X.21 interfaces per communi-cation 
ring are required as there are interlockings accessible by the ring.  
All the components used are implemented as 19-inch modules 
for mounting in standard 19-inch racks.   

Alongside ARAMIS as the key component in the operation 
management system, complementary systems have to be kept in 
mind for ensuring safe operation from an OMC.   

For shunting operations, the operation management system 
allows shunting operators to set routes from the field.  Shunting 
routes can be sent by the shunting operator via a mobile console, 
either directly (Autonomous mode), in which case the OMC sets 
the routes automatically, or via the OMC operator (Acknowledge 
mode), in which case the operator sets routes by entering 
commands on the EBO2.  In either case the routes are set using 
the OMC safety kernel.   

SCWS (Signal Coupled Work gang System) is provided for 
automatic warning of crews at risk while working on the tracks, 
which significantly enables safe and automated operations by 
the OMC.  The trigger for the generation of an alarm is 
implemented via direct interface to the interlocking.  Operations 
relating to adjustment of SCWS warning areas are carried out in 
the OMC via a standard EBO2 signalling user interface.   

In future local stations integrated into an OMC will not be 
manned locally by stationmasters, and visual inspection of trains 
will no longer be possible.  So to substitute for classical train 
monitoring, a Checkpoint system is proposed which will check 
trains dynamically for error-free operation using sensor 
technology.  Problems will be reported to ARAMIS and measures 
will be initiated in accordance with a catalogue of alarms. 

When an alarm is raised the Checkpoint system can influence 
train running in one of two different ways.  If it is not time-
critical, then the train routing plan will be updated in ARAMIS 
and forwarded via the train routing plan interface to ATRS.  For 
time-critical alarms (e.g., when an emergency stop is needed) 
ARAMIS will generate a stop command and forward it via the 
station computer interface (see Figure 2) to the OMC vital core 
directly.   

An interface between the AlTrac 6481 radio block controller 
(RBC) and ARAMIS can be provided in order to prevent trains 
that are not fitted with ETCS Level 2 from entering an ETCS 
Level 2 area.   

Furthermore, with the RBC interface, the ARAMIS dialogue 
manager can be used to enter control commands such as speed 
restrictions centrally. 

In 2009 ÖBB awarded a frame contract to Thales Austria for 
nation-wide equipping of OMCs with timetabling and 
dispatching (NetTrac 6613 ARAMIS), installation of the OMCs at 
Linz and Salzburg as turnkey supplier, and nation wide security 
equipment for data transmission between OMC and interlocking 
over open networks (Thales Datacryptor DCAP).   

By the end of November 2009 Thales was able to put the 
Salzburg OMC into operation successfully, for the first time as 
operations management system turnkey supplier.   

So for the first time in Austria there exists a continuous, 
automated process chain from timetabling and dispatching 
through to route-setting by the interlocking.  Data transmission 
over redundant remote-control links using public networks with 
Thales DCAP encryption marks a milestone for Austria and the 
railway world in general.   

As a first result of the introduction of the NMC and OMCs, 
ÖBB is indicating that the productivity of an employee can be 
increased from 45 000 km per year to 120 000 km per year.   

Integration of local stations will not take place overnight, but 
in accordance with a migration concept specified by the 
customer over a period of about 15 years. 

At present the OMCs at Salzburg, Innsbruck and Vienna are 
in operation, controlling about 40 stations.  In the next two years 
the OMCs at Villach and Linz will also be put into operation.  The 
roll-out and integration of interlockings continues and will be 
completed in 2025.   

Figure 12.  Thales Datacryptor DCAP-LE units in a standard 19-inch rack 
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TRACTION RETURN 

ISSUES COMMON TO D.C. AND A.C. 
TRACTION SYSTEMS 
While there are many significant differences between d.c. and 
a.c. traction systems, they share a variety of fundamentals, which 
will be dealt with first before looking at those issues peculiar to 
each of the two systems. 

 Beginning with the most fundamental requirements, the 
common issues are providing a continuous traction return 
path and discrete track circuits for train detection;  

 providing adequate current capacity; 

 minimising the resistance or impedance of the return path, 
both for electrical efficiency and for reliable operation of 
traction supply protection devices; 

 making track circuits immune to electrical interference from 
the traction current;  

 mitigating the effects of stray traction return current on 
trackside equipment; 

 minimising touch potentials between the traction return path 
and earth; 

 minimising the flow of traction return current through earth 
or buried metallic services (Refs 3 & 4). 

Each system has further, differing requirements which arise from 
the nature of the traction supply current.  The differences arise 
partly from the frequencies, voltages and current levels of the 
traction supplies themselves.   

D.C. traction return has to contend with high operating 
current levels, and the damaging effects of stray return currents.  
A.C. traction return faces the problems of managing very high 
touch potentials and Earth Potential Rise (EPR) in the event of the 
return path or lineside structures becoming live at the line supply 
voltage due to rolling stock or infrastructure failure. 

Traction Return Continuity 
For operational reliability and individual safety, it is critical that a 
continuous traction return path is maintained at all times. 

The effect of this when considering the traction supply is 
twofold – for a train to run there must be continuous supply and 
return paths between it and the supply substation.  If there is a 
break in either path then the traction supply voltage will appear 
across the break.  This applies equally whether the break is in the 
overhead supply or in the traction return.  A break in the 
overhead supply may be considered a nuisance; a break in the 
traction return path may result in all or part of the traction 
voltage appearing across a gap at ground level.  This may be 
deadly or result in serious damage to lineside equipment 
including signalling, and is a risk to be avoided at all times.   

Both a.c. and d.c. traction systems have design features which 
mitigate the risk from a single break in the traction return system. 

In d.c. traction, on multiple-track lines adjacent tracks are 
bonded together (“tied in”) at intervals of 1 to 1.5 km.  Electrified 

single-ended sidings are tied in to adjacent running lines at the 
remote end, or mandated to have double rail traction return. 

The least protected situation is that of a single track branch 
line, in which case the use of double rail traction return is 
mandatory, and there are strict procedures governing the 
breaking of rails (Ref 5). 

In a.c. traction, the rails are regularly bonded to earth 
(through the traction mast foundations), to adjacent tracks and in 
some systems to a dedicated aerial return conductor running 
alongside the track or to a longitudinal buried earth conductor.  
With autotransformer systems, there are dual traction return 
paths, to the autotransformers to either side of the train’s 
position, so the effect of a single break is minimised.  With 
proper care paid to the return cabling and rail connections, 
these mitigations are sufficient to allow the widespread use of 
25 kV single-rail traction return on some major rail networks.  

Integrity of Cabling and Rail Connections 
The most vulnerable part of the traction return path is not the 
rails, but the traction bonding cables and connections. 

Bonding cables are large and robust, generally with tough 
insulation resistant to impacts and abrasion.  

The critical requirements for any electrical connection is that 
it must be low-resistance, secure, remain secure under vibration, 
and be resistant to corrosion.  

Figure 8 - Damaged Bond Cable     (RailCorp photo) 

Connection of cables to trackside equipment is most usually 
by crimped lugs, secure to the equipment with bolted or stud 
connections.  Cast lugs have been shown to be superior to tube 
lugs in their electrical conductivity and resistance to fracture.  
Where aluminium bonding cables are used, these need to be 
terminated using welded bi-metallic lugs to avoid corrosion 
between dissimilar metals at the rail interface.  The friction 
welded joint in a bi-metallic lug provides an interface free of 
voids, moisture and air penetration, the ingredients necessary for 
corrosion to occur.  

Connections to rail are a subject for which there are several 
competing solutions, each with its own advantages and 
drawbacks and each having its fervent adherents. 

The two leading contenders at this time are bolted 
connections to copper ferrules hydraulically set into holes drilled 
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in the web of the rail, and welding of cables directly to the 
web of the rail by an aluminothermic welding process. 

The latter produces a perfect electrical connection, but 
must be carefully controlled to avoid thermal metallurgical 
damage to the rail; the former involves no heating, but the 
bolted connection is subject to loosening and intermittent 
connections from vibration by rail traffic. 

There is an alternative direct welding process used by 
RFF in France, which eliminates the risk of metallurgical 
damage by using an intermediate mild steel disc with a 
layer of soft solder.  In the one welding action the cable is 
welded to the disk, and the resulting heat melts the solder, 
making a secure mechanical and electrical connection to the 
rail.    

Bonding cables, however tough they may be, are prone 
to mechanical damage by track maintenance machinery.  
Within the track area they can be protected by laying in 
special hollow sleepers or secured in areas safe from 
tamping and brooming by the use of purpose-designed 
retaining plates.  

In UK practice bonding cables are subject to special 
procedures, with specific precautions for the care of Yellow 
Bonds (important) and Red Bonds (safety critical traction 
connections) (Ref 6).  

Bonding cables should be laid on the surface for visibility 
(both to avoid damage and to enable maintenance 
inspection) and to avoid prolonged contact with moisture 
and soil, which in d.c. systems can lead to rapid failure of 
the conductor by electrolysis.  Where it is necessary to lay 
bonding cables below track level they must have non-
hygroscopic insulation and preferably be further protected 
in PVC or similar conduit. 

Resistance of Supply and Return Paths 
With both a.c. and d.c. traction systems it is desirable to 
keep the loop impedance or resistance of the supply and 
return paths as low as possible.  This applies for a number 
of reasons, the two most significant being energy efficiency 
and effectiveness of circuit protection.  

With the much higher voltages and proportionally lower 
currents used in a.c. traction, transmission losses are 
negligible compared to those in a d.c. traction system.   

Total Resistance of Traction Return Path  
Excessive resistance in the traction return path will result in excessive 
voltage drop.  This reduces the traction current levels which the 
section can supply, and restricts the operating capacity of the line. 

This leads to a number of important criteria being applied to the 
design of a traction return system.   

As many rails as possible should be used for traction return.  In d.c. 
traction areas this means a preference for double-rail traction return 
wherever possible, with the number and length of single-rail track 
circuit sections kept to the minimum possible. 

On multiple track lines the current should be shared between all 
tracks, by the use of cross-bonding or tying-in as frequently as possible 

On a.c. traction systems, the operating currents are significantly 
lower, but designers take advantage of the lower voltage drop by 
significantly increasing the length of track supplied by each supply 
substation, so the need for low-impedance traction return remains.  
(On a.c. systems we refer to impedance rather than resistance, 
because both overhead and return circuit have inductance as well as 
resistance).  

The traction return impedance is minimised by the use of 
techniques (applied primarily for personnel protection and 
ElectroMagnetic Induction minimisation, discussed later in this paper), 
such as bonding frequently directly to earth, to adjacent tracks and/or 
to continuous earth conductors alongside the track, and the use of 
return conductors installed on the overhead support structures. 

Auxiliary Negative Conductors 
In the past, at locations such as tunnels and bridges where it was 
necessary to use rails with high wear resistance, alloys such as 
manganese steel were used which have high resistivity.  To achieve 
sufficiently low traction return resistances it was found necessary to 
provide additional return conductors to augment the running rails.  
Most commonly these were in the form of additional carbon steel rails, 
laid between or alongside the running rails and bonded to them at 
intervals.  In some instances, a separate large cross-section insulated 
copper cable was provided to return traction return directly from an 
intermediate location to the supply substation.  

The use of auxiliary conductor rails called for careful precautions to 
be taken, to minimise the risk of bypassing parts of the running rails 
and track circuits, which could lead to loss of train detection.  

On today’s railways with large rail cross-sections (typically 53 or 
60 kg/m) and modern rail steels, the rails themselves can normally 
provide both acceptable wear characteristics and satisfactorily low d.c. 
resistance.   

Supply Substation Connections 
Connections from traction return system to the supply sub-stations are 
very similar, for both d.c. and a.c. traction supplies. 

In their simplest form, where there is single-rail traction return, they 
can consist of simple connections direct to the traction rail.  This 
approach is generally restricted to situations with low traction currents 
– typically a.c. or higher voltage (3 kV) d.c.   

Double rail traction return, in association with double-rail track 
circuits, is necessary for higher traction currents.  In this case the 
substation return connections must be made to the neutral point of 
the track circuit – electrically midway between the two rails.  This is 
achieved by means of impedance bonds provided for the purpose or, 
on some rail systems, by a section of neutral rail located mid-track, 

Figure 9  
Cable with track cable 
protection plates 
replacing an old track 
connection  

 
(RailCorp photo) 
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TRACTION RETURN 
with tuned connections to the running rails.  This latter arrange-
ment is generally very simple, robust and has high traction 
capacity, but with the drawback that it constitutes an obstacle to 
mechanised track maintenance. 

As traction system capacities increase, there is a corresponding 
requirement for impedance bonds of even greater capacity 
(which goes hand in hand with increasing size and mass).  This 
would make the neutral rail solution look increasingly attractive, 
were it not for the fervent desire of the Track Engineer to keep 
the space between the rails clear of all obstructions that would 
interfere with mechanised track maintenance operations. 

Irrespective of the type of traction supply, the integrity of the 
rail connections at the supply point is of paramount importance, 
especially for the safety of personnel. 

This is assured by providing significant redundancy in the 
connection arrangements, and in some cases by paying particular 
attention to the integrity of the connection cabling. 

The former is exemplified in the use of duplicated impedance 
bonds on each road, with tying-in between roads, and the 
duplication of all connection and bonding cables. The latter is 
seen in the ‘Red Bond’ procedures used in the United Kingdom 
for identification and special care of traction supply connections. 

ISSUES PECULIAR TO D.C. TRACTION 
D.C. Traction Current Levels  
Some of the problems with d.c. traction systems relate 
specifically to systems in which the traction currents are at the 
upper limit of the d.c. traction current range.  Typical of these are 
the UK 750 V mainline electrification, and the NSW 1500 V 
system; both operate with substations exceeding 5000 A rating 
and traction return rated at 2000 A per rail. 

Fault Current Levels and Protection 
There is a second major reason for minimising traction supply 
loop resistance, including the return path resistance.  Simply put, 
when a short circuit fault appears on the traction supply, it must 
be possible for the circuit protection to operate and isolate the 
fault.  In addition, the system should be able to isolate a short 
circuit fault to the area of the fault, leaving the remainder of the 
supply network and substation in normal operation.  The 
protection system must also be free of spurious operation caused 
by high traction current loads.   

Discrimination between fault currents and high traction loads 
is easier in an a.c. system.  Overload currents tend to be resistive 
in nature, while fault currents are inductive (limited by the 
inductive reactance of the circuit); circuit protection devices can 
discriminate between the two, and avoid nuisance trips.  

The requirement for discrimination between overload and 
fault currents mainly concerns the setting and operation of d.c. 
supply circuit breakers (d.c.CBs) at the traction substation and at 
the automatic sectioning switches located between substations.  
The design of the circuit breaker settings must find a delicate 
balance between maximum normal operating current levels and 
minimum fault current/tripping levels.   

This may not be as obvious as it first appears.  A typical 
modern d.c. traction supply may be rated to supply 5 kA 
continuous current.  The protection will have to operate at a 
current level of 6 kA, and to isolate a short circuit fault within 

400 ms.  If the total loop resistance on the supply limits the short 
circuit fault current to values comparable to normal maximum 
operating currents, then it may become extremely difficult to 
establish suitable protection settings (Ref 7). 

Resorting to Ohm’s Law, we find that, in the event of a short 
circuit fault on a 1500 V supply, for the circuit protection to ‘see’ a 

6 kA fault, the total supply loop resistance must not exceed 0.25 . 
If we are looking at a single-track line, and assume an equal 

split between the resistances of supply conductors and return 
conductors then, ignoring resistances within the substation, the 
total return current path resistance cannot exceed 0.125 ohms. 

With standard 60 kg/m rail having a series resistance of 
33 μOhms/m, this equates to 3.8 km of single rail, or 7.6 km of 
track with double-rail traction return.  When the higher resist-
ance of any higher-resistance items (such as impedance bonds, 
bonding cables and especially cable lugs and terminations) in the 
return path is taken into account, the maximum distance from 
the substation may be reduced to 5 or 6 km, with only a single 
train operating.  With multiple trains, the distance is further 
reduced.   

While that does not seem to be a problem, it is a factor 
which sets an effective limit on the maximum possible spacing 
between supply substations on a line, and therefore on the 
configuration of the traction supply network.   

The second impact of voltage drop in the traction return is its 
effect on the operation of automatic sectioning.   

It was noted earlier that the entire d.c. supply system is 
configured to operate in parallel, so that a short circuit fault at 
any one point has the potential to impact on every part of the 
network.  To limit the impact of a fault on the traction system, 
the system is provided with automatic sectioning switches 
located at intermediate points between substations which isolate 
the line in the immediate vicinity of the fault, and permit the 
remainder of the network to function as normal.  In addition to 
the load-sensing d.c.CBs, these monitor the voltages from rail to 
earth at the sectioning point.  When an excessive voltage, 
indicative of an extreme load on the system, is sensed, the 
d.c.CBs at the sectioning huts closest to the fault open to 
disconnect the section of overhead from their neighbours, 
leaving the remainder of the system fault free (Ref 8). 

Voltage Drop and Energy Losses 
Distribution energy losses are a particular issue with high current 
d.c. systems. 

The actual supply voltage on a nominal 1500 V system may 
be as high as 1900 V at the supply substation, and drop to as low 
as 1100 V at the furthest point on the supply path. 

Consider the case of a 1500 V d.c. traction system supplying 
a modern electric multiple unit operating on a single line railway.  
The maximum power consumption of the train is approximately 
6 MW (4000 A at 1500 V) 

Assume the overhead supply voltage at the substation is 
1500 V, and the line voltage available to a train at the farthest 
point is at the minimum value of 1100 V. 

Near the substation, the maximum energy available to the 
train is    Pmax  =  V x I   =  1500 x 4000   =   6 x 106 W 

At the distant point, the available power is 
        Pa  =  1100 x 4000   =   4.4 x 106 W   
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The distribution loss (the reduction in available energy to 
the train) is  ΔPa    = (6 – 4.4) MW  = 1.6 MW 

That is an enormous amount of energy potentially wasted.  
It provides a strong argument for keeping total traction return 
path resistance to the minimum possible. 

Bonding Cable Current Ratings  
If traction bonding cables and equipment on a high traction 
current (2000 A/rail), railway were to be continuously rated for 
the full traction current, it would result in equipment sizes that 
were large, difficult to manage, and excessively expensive.  In 
practice, d.c. traction return equipment is rated for intermittent 
use, calculated to keep temperature rise down to an acceptable 
level under normal operation (Ref 9).  Impedance bonds are 
evaluated and approved, and bonding cables sized, on this basis.  

With some traction bonds, such as 70 mm2 Cadweld head 
bonds used to provide continuity around mechanical joints, 
reliance is also placed on the heat-sinking effect of the rails to 
which the bonds are connected; a pair of such bonds gives a 
rated current capacity of only 600 A, much less than the 
nominal 2000 A/rail rating of the traction system.  

All bonding cables are at least duplicated, for current 
capacity as well as redundancy, but not to achieve N + 1 
redundancy standard.  They meet the requirements for 
functional redundancy but if a bond is missing or failed it is not 
unknown, especially close to a substation, for the fact to be 
announced by smoke issuing from the insulation on the 
remaining cable! 

Bonding Cable Resistance 
As a rule of thumb, the resistance per metre of traction 
bonding cables, even duplicated, is significantly greater than 
the resistance per metre of rail.  To manage the overall return 
path resistance it is necessary to carefully limit the total 
amount of bonding in a track.  This is not an issue with a.c. 
traction systems, where the reactance of the conductors is the 
determining factor in longitudinal voltage drop, and the cables 
can be easily and conservatively for full traction current. 

Saturation of Impedance Bonds 
One insidious effect of bonding cables having significant 
resistance is the effect they have on the balance of traction 
currents between the rails of a double-rail track circuit.   

First, a little more theory: 
Irrespective of how low the absolute resistance values are 

of a pair of parallel conductors, current is shared between 
them in inverse proportion to their individual resistances. For 
example, in the case of current passing through the parallel 
combination of a 1 mOhm and a 2 mOhm conductor, two-thirds 
of the current will pass through the 1 mOhm conductor.   

In a short double-rail track circuit, the total series resistance 
of each ‘leg’ will be dominated by the resistances of the 
bonding cables.  If those differ significantly in length, and 
therefore in resistance, there will be a natural imbalance in the 
traction currents through the two rails.  In cases with high 
levels of traction currents flowing, the unbalanced current can 
be sufficient to cause d.c. saturation of one or more 
impedance bonds, resulting in intermittent failures of an 
apparently perfect track circuit (Ref 10). 

Copper Theft 
An unwelcome, but not new side effect of the size of copper 
cables used for traction bonding is that it makes them an attractive 
target for ‘above-ground copper miners’, as this quote from 1874 
confirms: 

"Am afraid your idea of soldering a strip of copper to the rails 
will prove very troublesome in carrying out, … to say nothing of 
sneak thieves who abound wherever copper is lying around loose.” 
Mr. J. H. C. Watts to Mr. William Robinson, October 29, 1874 (Ref 11).  

One Australian railway has solved this problem by phasing out 
all copper bonding cables and replacing them with flexible alu-
minium cables of equivalent resistance and current capacity (Ref 
12).  Being of little scrap value compared to copper, the aluminium 
is of no interest to copper thieves, and is left alone. 

Earthing of Overhead Conductors and Masts 
There are two situations, both temporary, in which the isolation of 
the d.c. traction return system from earth is deliberately changed 
for safety reasons.  These are the provision of over-voltage 
protection devices on some Overhead Wiring support structures, 
and the ‘earthing’ of overhead to rail during line maintenance. 

Insulators between overhead traction conductors and support 
structures occasionally fail short circuit, making the structure live at 
traction voltage.  On a.c. traction this places a short-circuit to earth 
on the traction supply, and the circuit protection quickly acts to 
remove power from the line.  On a d.c. system a steel support 
mast could possibly be live for an extended time, an overvoltage 
protection device (‘spark gap’) is provided between the mast and 
rail.  This may be applied to all masts, or only in areas where a live 
mast or structure could pose a significant risk to workers or the 
public.  In the event of the mast becoming live, the device goes 
short-circuit, and the traction supply protection acts to isolate 
supply.  Sometimes lightning surges can ‘fire’ the spark gap, 
leaving the traction supply unaffected but the rail short-circuited to 
the mast.  The typical resistance to earth of a support structure is in 
the order of 10 to 400 Ohms, and down to zero on a bridge or 
similar structure (Ref 13).  

The resulting persistent earth connection can lead to increased 
risk of electrolysis, and intermittent track circuit failure.  Worst, in 
the event of two or more failed spark gaps, it has been known to 
result in a false feed path for a track circuit leading to a complete 
loss of train detection.   

In keeping with normal safety practices for working on 
overhead power lines, before any work is done on the traction 
supply conductors, they are ‘earthed’ - bonded to the rail to 
ensure the safety of line workers.  The earthing is done at both 
ends of the overhead section encompassing the worksite; as a 
result the overhead forms a temporary traction return path in 
parallel with the running rails, which will be carrying traction return 
currents even if the substation in the immediate vicinity is off line.  
The earthed section is normally too long to become a feed-around 
path for track circuits, but in areas with single rail track circuits, 
care must be taken to ensure that the overhead earths are not 
connected to the signalling rail; which is likely to cause permanent 
damage to track circuit components. 
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TRACTION RETURN 
Spark Erosion at Insulated Rail Joints 
A new problem emerging in very recent years has been the 
phenomenon referred to as spark erosion.  

At certain locations generally close to traction substations, it 
has been found that the rail head on the approach side only of an 
insulated joint (in the direction of normal train operation) has 
become eroded, to the extent that the repetitive wheel impacts 
from trains passing over the joint lead to its mechanical failure. 

A similar problem has been found at Taita Station on the 
Wellington d.c. system, at insulated joints in crossovers between 
main lines; the underlying cause is believed to be voltage differ-
ential due to inadequate cross-bonding between the main lines. 

The surface of the eroded area is seen to have many small 
pits of up to 1mm in diameter, suggesting that they have been 
caused by arcing between the rail and the departing train wheel. 

 

 

 

 

Figure 10  
Insulated Rail Joint 
damaged by spark erosion  
(RailCorp photo) 

A consultant was commissioned to undertake an investigation 
to identify the cause of the phenomenon, in the hope that it will 
point the way to a solution.  After intensive on-site investigation 
they proposed the very plausible thesis that the pitting 
mechanism is the result of a dual mechanism that begins with 
localised melting of the rail as the traction current from the last 
vehicle flows through a contact point of ever-decreasing area 
(and correspondingly increasing current density), followed by an 
arc as contact is finally broken, leaving the telltale pits (Ref 14). 

While this appears to be a logical and sufficient explanation 
for how the phenomenon occurs, further investigation will be 
needed before an effective solution is found. 

Magnetisation of Switch Rails 
On one Australian railway with high d.c. traction currents and 
frequent traffic, a small number of locations were found where 
points were intermittently failing to drive, but operated without a 
problem when were tried a second time, a short time later.  It 
was established that this was occurring at merging junctions 
situated close to a traction substation, when the points were 
called immediately following the passage of train through the 
junction. 

Following a chance discovery, a civil track maintainer 
reported that there was significant magnetisation of the switch 
rail for a short time after the passage of a train.  Detailed 
investigation identified that this magnetisation was real, and 
proportional to the traction current flowing in the single-rail 
points track.  Further, it was established that at values of current 
over 1100 A, the resultant magnetic force between the switch 
and stock rail was sufficient to defeat the thrust of the M84 
switch machine.  When the magnetisation decreased with the 
diminishing traction return current as the train moved further 
away, the points were again free to move. 

 

 

 

Figure 11  
Magnetic flux around current-carrying 
stockrail and rail-brace chair  
 
(RailCorp photo) 

The initial solution, of keeping rail current below the points 
failure threshold by converting the points track circuit to double-
rail form and improving traction cross-bonding to the adjacent 
track, was found to be effective. 

Later detailed investigations, reported at a recent IRSE local 
meeting, identified the mechanism by which longitudinal current 
in the points stock rail generated the field that magnetised the 
switch rail (Ref 15). 

To the writer’s knowledge this phenomenon has not 
previously been reported by any other d.c. railway, but it is likely 
to occur wherever high levels of traction current flow in the 
points stock rail. 

Longitudinal Voltage Drop and Rail-Earth 
Potential  

Longitudinal Voltage Drop in Rails 
With small but finite resistance in the traction return path and 
high traction currents, there is significant d.c. voltage drop along 
the traction rail.  This becomes evident in a number of ways: 

 The d.c. voltage drop in single-rail track circuits; 

 Local voltage difference between rail and earth;  

 Longitudinal voltage differences leading to currents in 
trackside metallic cable trunking and boundary fences, and 
voltages appearing at open circuits; 

 Stray earth currents leading to electrolysis, which is 
discussed in the following section. 

D.C. Rail-Earth Voltage 
At the traction supply substation, the negative return busbar is 
effectively tied to ‘real’ earth voltage.  In modern railway track 
on concrete sleepers with insulating pads under the rails, the 
rails come close to the desired ideal of complete isolation from 
earth.  This leads to the result that at some distance from the 
substation, the local voltage difference between rails and earth 
may be quite high – possibly as high as 200 V d.c. (Ref 16).  

While there is little chance of a worker being exposed to a 
high d.c. touch potential in normal circumstances, the game 
changes if he or she is working on an earthed object mounted on 
or close to rail, such as the screened cable of a hot-box scanner 
mounted on the sleeper ends. The author knows of at least one 
incident where a worker suffered ill effects (happily, only of some 
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hours’ duration) after spending some time connecting an earthed 
screened cable to a scanner unit while sitting and leaning on the 
rail.  Subsequent tests at that site found frequent d.c. rail-earth 
voltages of over 40 V d.c. when trains passed on the adjacent 
track. 

IEC standard 62128-1 Railway applications - Fixed 
installations - Part 1: Protective provisions relating to electrical 
safety and earthing requires that rail-earth potential be limited to 
60 V d.c.  On a railway with maximum traction current loadings it 
may not be practical to achieve this by further reducing the 
spacing between substations, nor safe to seek to eliminate the 
problem by earthing the rails; the risk must be managed by 
applying safe procedures such as requiring that the on-rail 
connections are completed before the earthed end of the cable 
is connected. 

It has been pointed out that the same potential difference will 
exist between the track terminals of jointless track circuit tuning 
unit and its earthed mounting post.  The main mitigating factor 
here would be that in testing or maintenance activities there is no 
need for simultaneous contact with terminals and post. 

This same potential difference becomes an issue when it is 
proposed to install a three-terminal surge arrestor between rail 
terminals and earth on a track circuit.  The surge arrestor device 
can be destroyed not by the surges it was intended to divert, but 
by excessive current due to rail-earth voltages.  

Transfer of Rail Potential by Lineside Structures 
Inevitably, there will be locations where there is low resistance 
contact between traction rail and earth.  Any earthed continuous 
metallic trackside structure, such as chain wire fence or 
galvanised steel cable troughing, will transfer that potential to its 
furthest extremity.  If the structure connects to earth further 
down the track, significant currents will flow through it, with 
electrolysis happening at the ‘downstream’ end (see Electrolysis, 
below).  If there is a single gap in the structure, then the full 
difference in potentials will appear across the gap.  Effective 
countermeasures are the regular installation of insulating panels 
in fences (Ref 17), and insulating sections in cable troughing at 
intervals not exceeding 300m (Ref 18). 

Electrolysis  
Electrolysis is a well known problem generally thought to be 
associated with d.c. traction alone.  While it has been commonly 
assumed that a.c. systems were not associated with electrolysis, 
recent studies indicate that a similar if much smaller problem 
exists with stray a.c. traction current (Ref 19).  

In a d.c. traction system, although every effort is taken to 
keep the traction return path (the rails) as free of earths as 
possible, some contact is inevitable.  This provides the traction 
current an alternative return path to the substation via the earth, 
in parallel with the rails.  In practice, the track is rarely a straight 
line and the earth is rarely homogeneous in conductivity.  Rather 
than flowing direct to the substation, the ‘stray’ (earth) return 
currents will find the easiest path home; this may include 
‘hitching a ride’ for part of the way on a buried metallic service 
such as a cable sheath or a pipeline (Ref 20). 

Where the stray currents flow from the buried service into the 
ground significant electrolysis (electrical erosion of the metallic 

service) can occur.  As a typical example, the rate of electrolytic 
loss of metal for iron is 9 kg per ampere per year; for a pipeline 
that represents a very large hole in a very short space of time.  
When buried services range from antiquated armoured and lead-
sheathed cable through water mains and petroleum pipelines to 
high-pressure gas pipelines, the critical need for maintaining 
electrolysis protection and connections is evident.  

Owners of buried services provide protective connections 
from the services to electrolysis interface at the rail boundary.  It 
is the responsibility of the Signal Engineer to provide and 
maintain the connections from this interface to the rails, in a 
manner which does not interfere with the operation of the track 
circuits (Ref 21). 

ISSUES PECULIAR TO A.C. TRACTION 
Having dealt with the host of issues peculiar to d.c. traction 
return, it is time to turn to those issues which are peculiar to a.c. 
traction systems 

The most fundamental requirement, of providing a 
continuous traction return path with adequate current capacity 
are the same for any traction return system. 

Likewise, minimising the resistance or impedance of the 
return path for electrical efficiency is of much less significance 
than for d.c. because of the much higher supply voltage and 
proportionately reduce currents involved.  For a given power 
requirement and conductor size, losses on a 25 kV system are 
less than one 250th of what they are on an equivalent 1500 V d.c. 
system. 

Achieving reliable operation of traction supply protection 
devices is more of an issue, partly because the low current levels 
permit the use of much smaller supply conductors, but also 
because feed distances (and feeder lengths) are significantly 
longer.  In addition the inductance of the conductors (of little 
relevance in d.c. traction) becomes a significant issue with a.c.; as 
a result line impedance is significantly greater than simple line 
resistance, so maximum short circuits currents are much lower 
than might be expected.  A typical short circuit fault current on 
an a.c. supply is 6 kA, the same as on a high current d.c. supply 
system, but may be as high as 12 kA on a high speed passenger 
or freight line. 

The main problems peculiar to a.c. traction systems stem 
from the frequency and the voltage of the traction supply used.  
The supply frequency gives rise to the risk of significant 
electromagnetic induction into line-side metallic services.  This, 
along with the strategies to mitigate the effect, has already been 
the subject of writings too numerous to count, to which this 
Paper will add no further. 

The other main issues with a.c. traction relevant to this paper 
stem from the high voltages used, and the requirement to 
protect any persons working on or near the rails from hazardous 
voltages that might be generated affecting them.   

Hazardous Potentials at Ground Level 
It may not be immediately obvious but the 25 kV traction supply 
is a high voltage power line, located barely 5 metres above the 
ground.   If it were a 22 kV high tension line, it would be 
mounted much higher, and easily recognised as deserving of 
care and respect. 



NOT FOR RE-PRINTING

©

 IRSE NEWS  |  ISSUE 174  |  JANUARY 2012  16 

TRACTION RETURN 
There is a very real probability of the traction supply coming 

into contact with the running rails or with objects on or near to 
the track, as a result of a supply conductor breaking or foreign 
objects coming into contact with it.  In either case, without 
specific protection, the track or nearby objects could become live 
at full line voltage.  

Taking this into consideration, the obligation to protect persons 
on or near the tracks is expressed in the standards requirement 
that voltage between any part of the traction return path (or 
anything bonded to it, or any metallic structure influenced by it) 
and earth or any earthed object, must not exceed 60 V a.c. under 
normal operation and 930 V RMS under fault conditions (Ref 22). 

Protection is achieved by the process collectively referred to 
as Earthing and Bonding.  This is a combination of techniques to 
ensure that: 

 There is a dependable, low impedance return path for all 
traction current under normal or fault conditions; 

 There is a low-impedance path for fault currents which will 
allow circuit protection to operate rapidly to clear the fault; 

 Objects near track are bonded to the traction return to 
ensure that the circuit protection will operate rapidly if they 
become energised by traction voltage; 

 Under normal and fault conditions, traction return voltages 
to earth and readily accessible earthed metalwork are 
limited to safe levels; 

 Under fault conditions, step potentials in the vicinity of the 
track are limited to safe levels. 

The personnel protection requirement is achieved by bonding 
the traction return rails and any return conductors very 
comprehensively to the mass of earth, and secondly by bonding 
to the traction return rails any metallic object in the vicinity of the 
track which could possibly become live at traction voltage in the 
event of a failure such as a fallen overhead supply conductor, a 
broken pantograph or a flashover from the traction supply (Ref 23).  

The detailed requirements for this are dealt with in 
documents such as WA Public Transport Authority’s Technical 
Instruction 228E Part 1 Guidelines for Earthing and Bonding in 
the 25 kV a.c. Electrified Areas and Railtrack Railway Group 
Standard GL/RT1254 Electrified Lines Traction Bonding.  

Earth resistance and EPR 
In contrast to the d.c. traction return system, the a.c. traction 
return system is continuously bonded to earth, so that it is 
effectively at the same potential as the earth surrounding the 
track.  If the earth was a perfectly conducting mass, then that 
would be the end of this discussion. 

In reality, the electrical earth acts like a layer of resistive 
material overlaying a perfectly conductive plane some distance 
below the ground. 

At any point where current flows into the earth there is a 
corresponding Ohm’s Law voltage drop between that point and 
ideal earth; this means that the voltage to earth at the entry point 
is higher than it is at another other point some distance away.  
Since current will flow from a point of high potential to a point of 
lower potential, current will also flow outwards towards all points 
of lower potential, and there will be a voltage gradient between 
the two points.  At the entry point the current will be greatest 
and correspondingly the voltage gradient will be the greatest.  As 
the current spreads out over an ever-widening area, the voltage 
gradient decreases in proportion to the diminishing current 
density.  

This phenomenon of increased local voltage and voltage 
gradient around an earth fault current is known as Earth Potential 
Rise (EPR) 

Touch Potentials 
With the a.c. traction return system, under fault current 
conditions there will be voltage difference between the traction 
return system and any metalwork connected to a remote earth 
(but not to the local earth).  Examples of signalling metalwork 
could be galvanised steel conduit or cable trough, or cable 
screens earthed at the equipment location.  

Touch potentials are a much greater risk with a.c. than with 
d.c. traction simply because the ‘starting’ voltage is so much 
greater. 

The design of trackside equipment and cables must take into 
account the need to eliminate situations where a person might 
simultaneously be touching two surfaces at differing earth 

Figure 12– Potential from Local Earth to True Earth, as function of 
distance from Earth Fault (Ref 24) 

Figure 13  

Touch potential     
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potentials; this is done by bonding to the traction return path 
any metallic item within reaching distance from it, by providing 
ample spacing between those and other metallic services or by 
insulating any to which adequate space cannot be provided. 

Step potentials 
It was mentioned above that during an earth fault, there is a 
voltage gradient between the traction return system (essentially 
the traction rail) and remote earth, and that the value of the 
gradient is high in the immediate vicinity of the fault.  For 
example in the interval between 1 metre and 2 metres from the 
fault, the earth voltage can fall by 20% of the full voltage at the 
earth fault. 

Something having two points of contact with the earth at 
differing distances from the earth fault may experience a 
potential difference with potentially hazardous results. 

Transfer of Rail Voltages 
The risk of harm to individuals may exercise the minds of the 
standards writers, but in reality there is only a very small 
probability that any persons will be touching separated earthed 
surfaces or standing alongside the track at the brief moment 
that the traction return system experiences an earth fault and 
before the circuit protection operates to remove supply. 

At far greater risk are services that are permanently 
connected between the traction return rail and locations remote 
from the track.  The perfect example of this is the track circuit, 
with direct connections from both ends to the track feed and 
relay.  Any high voltage appearing on the track will be directly 
conducted inside the location or building housing the feed and 
relay ends.  The occasional incursion of 1500 V d.c. into a relay 
room has been enough to produce serious damage to the 
signalling equipment.  A 25 kV escape, exceeding the insulating 
and isolating capacities of all normal signalling equipment, 
would be capable of causing far worse results, especially if it 
occurred in a major relay room or, worse still, an equipment 
room housing computer-based interlocking. 

It is for this reason that the preferred practice on a.c. 
electrified lines is to house all track circuit modules in trackside 
locations, safely remote from the equipment rooms.  This is not 
a concern with axle counters, because their sensing heads are 
insulated from the rails.  
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Part 3:  INTERFERENCE TO OPERATION OF SIGNALLING EQUIPMENT 

 

Figure 14  

Step potential 
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ERTMS  -  VEHICLE CERTIFICATION 

CONTEXT 
In the Netherlands the Dutch Ministry of Infrastructure and 
Environment has accredited a number of organisations as a 
Notified Body in the field of interoperability for the railway 
system.  One of these organisations is KEMA Rail Transport 
Certification, which is accredited for (among others) Control, 
Command and Signalling and contracted by Infrastructure 
Managers as well as industry providing ERTMS/ETCS equipment 
for the on-board subsystem as well for the track-side subsystem.  
In this paper only the experiences gained with the assessment 
and certification of the on-board subsystem are discussed. 

THE CASE 
The case presented concerns the Siemens locomotive ES64F4, 
better known as Baureihe 189 (series BR189) of DB Schenker, 
although the Swiss labelled the same locomotive as Re474 and 
the leasing company Mitsui Rail Capital Europe (MRCE) uses 
Siemens’ label ES64F4 (Figure 1). 

 

Figure 1:  A Number of Locomotives of Type ES64F4 in Wildenrath 

This locomotive is designed to run under a d.c. power supply 
(1.5 kV and 3 kV) as well as under an a.c. power supply (15 kV 
and 25 kV).  Of course, the countries where these power supply 
systems exist each have their own legacy ATP system.  In the 
European jargon these are called “Class B systems” in order to 
distinguish from the “Class A”, which is the European Railway 
Traffic Management System / European Train Control System 
(ERTMS/ETCS). 

Siemens promotes its locomotive as a real “European” 
locomotive, which should be capable of running, for instance on 
the Freight Corridor Rotterdam – Genoa (see Figure 2).  This 
Corridor is – according to the Technical Specification for Inter-
operability for the Conventional Rail network (TSI CCS-CR) – to 
be equipped with ERTMS/ETCS from Rotterdam Harbour to 
Genoa (excluding the Belgian Zeebrugge – Cologne branch) by 
2015.  But the locomotive is also designed (and already delivered) 
to run in other countries like: Poland, Austria, Hungary, Croatia etc. 

Figure 2:  Freight Corridor Rotterdam - Genoa 

ATP-SYSTEMS 
Related to the countries mentioned above, the locomotive is to 
be equipped – at least for the complete Corridor A – with the 
following legacy ATP-systems (for the countries indicated): 

 ETCS (for the corridor!); 

 SCMT (Italy); 

 Signum, ZUB (Switzerland); 

 LZB/PZB (Germany); 

 ATB (the Netherlands); 

 TBL (Belgium). 

SPECIFIC CHARACTERISTICS 
In this case the following specific characteristics apply to the 
project for the assessment and certification: 

 The owner is a leasing company (MRCE), which requires 
flexibility of use of each locomotive; 

 As a consequence the actual operator is not known and will 
vary during the lifetime of the locomotive; 

 Siemens builds the locomotive, but the ERTMS/ETCS 
equipment to be installed in it is produced by Alstom; 

Vehicle Certification 
By Dr.ir. Lieuwe Zigterman - Strategic Advisor, DoorZigt B.V. 
Following experience gained with certification of ERTMS in locomotives, by KEMA Rail Transport Certification  
Dr.ir. Zigterman presented this paper to the IRSE-Dutch Section on 15 September 2011  
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 For the certification the ERTMS/ETCS version 2.2.2+ as applied 
in the Netherlands (Harbourline ETCS Level 1, Betuweroute 
ERTMS Level 2) and in Switzerland (Mattstetten-Rothrist and 
Lötschbergbasetunnel) is to be proven; 

 Of course, at a later stage an upgrade to ERTMS/ETCS 
version 2.3.0d is contracted and, maybe, at some moment 
Baseline 3 of ERTMS/ETCS has to be included; 

 The locomotive is built in a number of variants, each 
planned for a limited number of countries, which leads to 
numerous variants in terms of combinations of ATP-systems 
(some including ETCS, others without); 

 In some case there is a requirement for “inhibition” of ETCS 
(this requirement is now history). 

ON BOARD SUBSYSTEM 
In order to give some basic impression of an ERTMS/ETCS on-
board subsystem Figure 3 is included in which the following 
building components are visualised: 

 Antennas for GSM-R, mostly duplicated; 

 GSM-R mobile equipment as the interface between the 
GSM-R system and the central unit (see hereafter); 

 ERTMS/ETCS European Vital Computer (EVC) on-board safe 
computer, the central processing unit; 

 Man Machine Interface (MMI) (or: Driver Machine Interface 
(DMI)) in each cabin; 

 Specific Transmission Modules (STMs): to interface Class B 
ATP-systems with the ERTMS/ETCS; 

 Each STM has its own antenna(s); 

 Wheel sensors and radars as sensors to provide for accurate 
speed information for the ERTMS/ETCS; 

 Antenna(s) for reading the information sent by Eurobalise(s) 
and/or Euroloop(s); 

 Interface to the train equipment, among which the interface 
with the Emergency Brake; 

 Interfacing between ERTMS components is via a Profibus; 

 Interfacing between ERTMS and the on-board vehicle 
management system is via a Train bus, like the Multifunction 
Vehicle Bus (MVB). 

Figure 3:  Overview of ERTMS/ETCS on-board Subsystem 

One issue with a very down-to-earth nature is to find enough 
space at the bottom of the vehicle for all antennas, needed by 
the national ATP-systems and, of course, for the radars and 
Eurobalise antenna(s). 

Class B 
As mentioned before, the locomotive is equipped with a 
number of national ATP-systems, called the “Class B” systems.  
In this case a number of variants for the implementation of these 
systems, with respect to their interaction with the ERTMS on-
board, can be distinguished: 

 Real STM solution, according to the TSI; 

 A supplier specific STM solution, not interfacing via 
Profibus, but via a proprietary solution; 

 Separate from ETCS, without interfacing at all. 
The latter solution leads in some circumstances to hindrance in 
the operation, as there are situations in which both the trackside 
systems (national ATP and ETCS) are active.  Of course, this is 
“repaired” in later releases of the specific variant concerned. 

A specific issue for the assessment is the – possible – 
interaction between Class B systems as such and between Class 
B and ERTMS/ETCS.  For each variant, i.e. each specific 
combination of ATP Systems present, this has to be assessed. 

Furthermore the numerous ATP Systems lead to a large 
number of possible transitions between these systems, of course 
in the end determined by the infrastructure over which the 
locomotive will run.  And the implementation of transitions at 
the different borders between countries is not stable at all: each 
has to take into account the passage of trains equipped with 
ERTMS.  So ProRail has implemented a dedicated project for 
STM-STM-transitions at all national borders of its railway 
network. 

MMI 
The locomotive is of a modern design and has – of course – an 
interface with the driver equipped with two screens.  For the 
national ATP-systems each has – based on the history of the 
system – its own dedicated DMI, composed of lamps and 
pushbuttons as is for example the case for the NL ATB-system.  
And then, in addition, ETCS is implemented.  In the first 
instance, as shown in Figure 4, the cabin is foreseen with 
numerous different types of equipment in order to deal with 
each system separately. 

 

Figure 4:   
The BR189 with a 
View in the Cabin 

 
 

 
 
 
 

 

It becomes immediately 
clear from Figure 4 that 
some kind of integration of 
all these different MMIs is 
needed from the point of 
view of ergonomics. 

ETCS DMI 
ATB MMI 
Loco DMI 
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ERTMS  -  VEHICLE CERTIFICATION 

FINDINGS 
During the assessment and certification a lot of 
experience was gained.  Some examples of findings 
concern: 

 The subject of “system” integration; 

 A tension between (terminology of) TSI and 
CENELEC-standards; 

 Testing; 

 Braking curves; 

 Transitions; 

 DMI. 

SYSTEM INTEGRATION 
In the terminology used in the European legislation, the 
railway system is composed of a number of subsystems, 
like: 

 Operations; 

 Control, Command and Signalling; 

 Energy; 

 Rolling Stock; 

 Infrastructure. 

Figure 5:  Integration of Subsystems into the Railway System 

These subsystems are each – more or less – defined 
by TSIs and have to be integrated into a complete railway 
system.  There are three areas which create some 
difficulties in this respect (visualised in Figure 5): 

 The complete railway system is not covered by the 
TSIs; e.g. in the area of the Control, Command and 
Signalling subsystem (CCS) the interlocking system is 
not included (the blue oval in Figure 5); 

 The CCS subsystem has subsystems on-board the 
rolling stock as well as subsystems at trackside; these 
subsystems have to be integrated, which often is 
labelled as Track-Train-Integration (the red oval in 
Figure 5); 

 The integration of the subsystems into the railway 
system is allocated to the “Member State”, which 
implies that each country has its own rules and 
regulations in this respect (the lower part of Figure 5). 

TSI AND CENELEC 
Where the CENELEC-standard EN 50.129 defines Safety Cases are as 
follows: 

 Generic Product Safety Case (GPSC) 

 Generic Application Safety Case (GASC) 

 Specific Application Safety Case (SASC) 
This terminology does not match 1-to-1 with the terminology used in 
the TSI’s, where distinction is made between: 

 Interoperability Constituent; 

 On-board and track-side assembly. 
Furthermore, in the case at hand a need was felt to distinguish 
between the ERTMS/ETCS equipment as such (the “on-board 
assembly” outside any kind of vehicle) and this equipment “as built 
into” the vehicle.  This would require some kind of: 

 Generic ERTMS/ETCS on-board Application Safety Case; 

 Specific ERTMS/ETCS on-board of the ES64F4 Implementation 
Safety Case. 

It would be of a great help if CENELEC will succeed in improving the 
terminology used in this standard, in order to improve the possibilities 
to match it with the jargon used in the TSI’s. 

BRAKING CURVES 
Of course one has to find a balance between capacity and safety: 

 Safety requires many margins, leading to long braking curves; 

 From capacity point of view: the braking curves should be as short 
as feasible. 

Who decides on this balance?  It will never be the manufacturer, 
neither of the locomotive nor of the ERTMS/ETCS equipment.  In the 
end it is a responsibility of a National Safety Authority to define the 
safety targets to be reached in this respect.  The complication lies in 
the dependence of the vehicle behaviour on the actual state of the 
railway infrastructure.  Consider the subject of “slippery track”. 

The actual TSI, defining Baseline 2 of ERTMS/ETCS (version 2.3.0d) 
is not complete with respect to this subject.  The Baseline 3 promises 
improvements in this area by a mandatory common braking model.  
But, in the end, the parameters to be used in this braking model are 
still to be defined at a national level.  And, as a consequence, may vary 
from country to country. 

CONCLUSIONS 
The following conclusions are drawn from these experiences: 

 We just started! And learned a lot ...; 

 Class B should not be a blind spot, but be treated with more 
emphasis in the specifications; 

 Matching terminology used in TSI and in the CENELEC-standards 
is needed; 

 The TSI requirements should take account of the actual market 
situation, where in many cases the locomotive (rolling stock) 
manufacturer will be other than the ERTMS/ETCS supplier; 

 Testing (on-board, track-side, track-train-integration) is to be 
addressed. 

Most of these subjects are addressed in the meantime at European 
level, either by the European Railway Agency (ERA), CENELEC, Union 
Industry of Signalling (UNISIG), European Rail Infrastructure Managers 
(EIM), European Economic Interest Group (EEIG) ERTMS Users Group 
and mostly by a co-operation between these organisations. 
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IRSE MATTERS 

IRSE Centenary Celebrations 
The Institution of Railway Signal Engineers reaches a significant milestone 
in the next session (2012/13).  As many readers will be aware, the 
Institution was formally incorporated on 3 December 1912.  Council 
met for the first time on 3 February 1913 and the first technical 
meeting took place in Birmingham (UK) on 25 February 1913.   

Naturally, the Institution wishes to celebrate this success with all its 
members in many and varied ways.  Major events will include the 
ASPECT Conference, followed directly by the Annual Technical 
Convention, both to be held in London in September 2012, at which 
we hope we will see many members.   

Francis How, President for the Centenary Year, has also put 
together a topical technical programme of London papers and UK 
Technical Seminars.  The theme is “Facing the Future”, but with a few 
trips down memory lane planned as well.  Individual IRSE Sections are 
also being encouraged to plan their own Centenary events, enabling 
the celebrations to take place worldwide. 

ASPECT and the Annual Technical 
Convention 
The main Centenary event will bring together two of the Institution’s 
most well attended, and well loved, regular international events - the 
ASPECT Conference and the Convention.  Commencing on Monday  
10 September 2012 at the Queen Elizabeth II Conference Centre in 
London, ASPECT and indeed the Centenary celebrations will be 
officially launched. 

ASPECT will run until the Wednesday evening, culminating in a 
reception at the London Transport Museum, where the Convention 
programme commences.  The Convention will include technical visits 
to the new Thames Valley Control Centre, London Underground’s 
Northumberland Park depot and Paris.  

A Thames River Cruise and a Grand Centenary Gala Ball at the 
Savoy Hotel on Saturday 15 September 2012 will help to ensure that 
this is a week not to be missed. 

You may have heard of some other minor celebrations due to take 
place in Summer 2012.  We would like to formally thank the Olympic 
committee for taking the opportunity to improve London infrastructure 
in advance of the main event, our Centenary celebrations! 

London Technical Meetings 
With the overall theme of “Facing the Future”, the Centenary series of 
meetings will explore the challenges and opportunities facing the 
industry, including a review of the forthcoming publication of the GB 
Rail Technical Strategy.  Also on the agenda are lectures on intelligent 
rail traffic management, the impact of telecommunications on rolling 
stock, improving the methods to allow a speedier process from project 
design to delivery and a review of train control systems research and 
the radical ideas under consideration in UK universities.  

With all the forward thinking in these presentations, another 
London meeting to look forward to is a debate to determine the most 
significant S&T invention.  Answers on a postcard please!  More 
information on this and other events will be given in the IRSE NEWS, 
so watch this space! 

Section Events 
In conjunction with the main programme, the UK’s Midland 
and North Western Section are organising a Centenary 
lecture and half-day seminar which will explore the past, 
present and future of railway train control and communi-
cations.  It will include a re-enactment of the first technical 
paper presented in February 1913, plus a modern equivalent 
view to complement it.  This will then be followed by a 
reception.  Surely an event not to be missed, this will be held 
on the 25 February 2013 in Austin Court, Birmingham, UK. 

The Scottish Section are celebrating not only the 
Centenary of the IRSE, but also the fact that their Section 
has reached the grand age of 30!  There will be a members’ 
lunch to celebrate this event early in 2013.  To mark the 
importance of the Centenary, the focus of the annual dinner, 
the major rail event in Scotland, will be on the developments 
of the railway in Scotland over the last 100 years. 

The Younger Members of the IRSE are also keen to be 
involved in the Centenary celebrations.  Their activities will 
include a papers competition to coincide with the ASPECT 
conference to ensure that the younger generation of 
engineers have a voice.  Please see details in the IRSE NEWS 
on how to apply. 

The Dutch Section will be organising a Centenary event 
on 8 & 9 November 2012.  On the first day the IRSE 
President will address the section, followed by a lecture on 
the past and a lecture on the future of Railway Signalling, 
delivered by two eminent speakers representing a slight 
outside-in perspective.  This will be followed by a reception 
and dinner at which Mr. Patrick Buck, ProRail’s projects 
director, will be the keynote speaker and guest of honour. 

The second day will start off with a number of workshops 
in which IRSE members will focus on the competencies 
needed by the Railway Control and Command Systems 
engineers of the future.  After such hard work, our section 
should be well prepared for the next 100 IRSE years and the 
afternoon will be used to visit the Hanzelijn and travel on 
one of the test trains, which by then should be performing 
the full service testing of that line. 

Formal Publications 
To signify the technical advancements of this industry, an 
official Centenary book will be published to include the 
historical achievements of the institution and indeed 
industry of the last 100 years.  We can expect special 
Centenary issues of IRSE NEWS.  A Centenary version of the 
Institution’s logo has been designed (see above) and will be 
used during the Centenary session. 

So, an exciting year is in prospect, and we actively 
encourage anyone with an interest in the industry, wherever 
in the world you live and work, to get involved. 

Lynsey Hunter 
Member of Centenary Working Party  
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The Section’s November 2011 meeting was held in Banbury.  A 
disappointingly small but enthusiastic audience turned out to 
hear an extremely informative talk by Dr Daniel Woodland (Head 
of Signalling Sub-Surface Railway (SSR) London Underground 
Limited) and Andy Dawes (Systems Integration Lead Engineer, 
Bombardier Transportation).  The subject of their joint talk was 
one that will affect millions of people over the coming years, that 
of the Sub-Surface Railway Upgrade for London Underground. 

Daniel opened the proceedings by setting the scene and 
discussing the logic behind the upgrade.  With the current 
infrastructure dating back to between 1935 and 1940, and 
upgrades carried out from 1950 to 1980, the system is getting a 
little bit long in the tooth.  Control centres on the Metropolitan, 
Circle, District and Hammersmith & City Lines vary from a 
mechanical lever frame at Edgware Road, through electro-
pneumatic frames, to first generation computer controllers.  He 
went on to describe how the entire rolling stock fleet is also 
being replaced with new ‘S’ stock, manufactured by Bombardier 
at Litchurch Lane in Derby.  The stock for the Metropolitan Line 
will be 133 S8 (eight-car 135 m long) trains, whilst that on the 
other lines will be the shorter S7 (seven-car 117 m long) trains. 

The geographical area covered by the scheme is very large.  
113 stations are located on 310 track km, of which 40 km is in 
tunnel.  Scattered across the area are 5 critical junctions, 
particularly Baker Street, where there has to be capacity for 32 
trains per hour in each direction. 

Andy described to the audience how the scheme would be 
turned into a reality, using a Bombardier CITYFLO 650 
Communication Based Control System (CBTC) system, based on 
previous experience in Shenzhen and Tianjin in China and Metro 
de Madrid in Spain.  At the heart of the system will be an 
EBILOCK 950 R4 interlocking, using EBISCREEN as the 
Automatic Train Supervision (ATS) system and Man-Machine 
Interface (MMI).  Other components Bombardier will use include 
the Wayside Automatic Train Operation (WATO) system, Region 
Automatic Train Protection (RATP) and their Object Control 
System (OCS), all linked together using a new fibre optic cable 
network.  Andy went on to say Radiax leaky feeder will be 
installed in the tunnel sections for communications between the 
train and the infrastructure, whereas above ground the system 
will use Line Of Sight (LOS) aerials installed around 400 m apart. 

In areas where purely SSR trains run, there will not be any 
track based form of train detection, the CBTC system relying on 
the radio communications from the train to establish where it is.  
However, on areas where there is dual running, such as Rayners 
Lane to Uxbridge, Wimbledon to Putney, different arrangements 
will be required.  The Rayners Lane to Uxbridge section requires 
that the Piccadilly Line trains are fitted with a simplified form of 
the train control system, essentially just the ATP part.   

Clever interfaces will also be needed where Network Rail 
trains share the metals, such as between Harrow-on-the Hill and 
Amersham, where Chiltern Line and Metropolitan Line trains 
operate together.  Here, traditional signals with Automatic 
Warning System (AWS) and Train Protection & Warning System 
(TPWS) will be provided for the trains running on and off the 
Network Rail infrastructure.  These functions will be controlled by 
the SSR EBILOCK interlocking.  When a LUL service operates 

M & N W SECTION Report by 
Ian Bridges 

Handover signals permanent home 
for historic nameplate 

The professional Institution representing railway signal and 
telecommunications engineers took delivery of a historic 
locomotive nameplate on Wednesday 7 December 2011.  
The Institution of Railway Signal Engineers was the name 
previously carried by Class 37 locomotive no. 37232 
belonging to DB Schenker, and had been designated for 
preservation by the Railway Heritage Committee (RHC).   

The nameplate was handed over by Nicky Morgan, MP, 
Chairman of the newly-created All Party Parliamentary 
Group for Heritage Rail to IRSE President Claire Porter at 
the Institution’s meeting in London on Wednesday 7 
December 2011.   

Other guests present included Lord Faulkner of 
Worcester, a Vice-Chairman of the new All Party 
Parliamentary Group, and President of the Heritage Railway 
Association. 

“We are delighted to have the opportunity to provide a 
permanent home for this nameplate” said Colin Porter, 
Chief Executive of the Institution.  "It was a great honour 
that the Institution's name should have been carried on such 
a fine locomotive, and it is wonderfully appropriate that the 
nameplate should now be coming to us – just before our 
centenary year." 

Nicky Morgan said “Britain has led the way in railway 
signalling from the earliest days and the Institution 
continues to encourage the highest professional standards 
internationally.  It was right to commemorate this 
achievement by naming the locomotive a number of years 
ago and very appropriate now that the nameplate should 
find a permanent home at the Institution's headquarters.” 

RHC Chairman Peter Ovenstone said “This event once 
again illustrates the excellent working partnership which the 
Railway Heritage Committee has enjoyed with the railway 
industry”.  He went on to explain that it had been agreed 
that the power of designation and the statutory protection 
it affords should be transferred to the Trustees of the 
National Museum of Science and Industry.   

Peter continued: “We have been greatly heartened by 
the Government’s decision which recognises the 
significance of the nation’s railway heritage and the value of 
continuing to maintain the statutory protection system 
which has worked so well over the last 18 years”. 



NOT FOR RE-PRINTING

©

 IRSE NEWS  |  ISSUE 174  |  JANUARY 2012  23 

over the section, the signals will be cleared and a movement 
authority will be issued to the train in the same way as on the 
rest of the SSR network.  For Chiltern Line trains the signals will 
clear in the same way and each pseudo-block section occupied 
in order to control the movement authorities of any following 
CBTC trains.  Variations on this theme will be used at Richmond 
and Wimbledon.   

Andy continued by explaining dead reckoning of the tube 
train position will be achieved not by balises, but by norming 
Points.  These are small transmitters fitted in the four-foot, 
transmitting a fixed signal, which the train can read to establish 
its exact position.  This information is used to correct any errors 

2012 Annual Dinner Dance 
The York Section are pleased to announce that their 54th annual Dinner Dance and ever-popular event will be held on  

Friday 23 March 2012 at the Marriott Hotel, York.  
The reception will be at 19:00 hours for dinner at 19:30 hours.  Dancing will follow until 00:01.  The IRSE Senior Vice President,  

Mr Francis How, and his wife have been invited to be our guests of honour, and we would like to invite all other members, their 
partners, friends and guests to join us for what is always a very enjoyable and informal evening. 

As in previous years places will be extremely limited - up to a maximum of 110 - so to ensure your place, please book early as 
reservations will be made on a "first come first served" basis. 

The cost of attending will be £42.50 per person with a discount of £5.00 per person applying if payment is received on or before 
17 February 2012.  Therefore, if you would like to attend, please either complete a copy of the application form below and send it 
along with your remittance to the Dinner Secretary or contact the Dinner Secretary direct by e-mail. 

For members wishing to book accommodation at the Marriott Hotel, a special bed & breakfast rate of £130 per double room per 
night, and £120 per single room has been agreed with the Hotel.  The Hotel is very family orientated and there are family rooms 
available should any guests wish to make a long weekend in York. 

Members wishing to take advantage of this offer must apply directly to the Marriott Hotel, Tadcaster Road, York, YO24 1QQ 
[Telephone 01904 701000] quoting "IRSE York Section 2012 Dinner Dance".  Members will be responsible for settling their own hotel 
accounts and the York Section will not enter into any correspondence regarding hotel accommodation. 

Please note that this will be the only notice for this event and no other separate advice will be sent to members. 

--------------------------------------------------------------------------------------------------------------- 

 

I would like to reserve  ___________________  places at the 2012 Dinner Dance and will be accompanied by    

                                                               
 

(please give title, initials and surname of those wishing to attend) and I would like                              vegetarian meal(s). 

If possible I/we would like to be seated with:                                                      

I enclose remittance of £__________________  (cheques must be made payable to “IRSE York Section”). 

Signature  ______________________________  

To: Ian Moore From:   

  IRSE (York Section)     

  57 Green Dyke     

  Wigginton     

  York YO32 2WY     

  Tel: +44 (0) 1904 761944    Mobile: +44 (0) 7713 502835 

      E-mail:  ian.moore@invensysrail.com   
  

YORK SECTION 

that may have been generated by the wheel based tacho-
generators which may have been accumulated since passing the 
last norming Point.  Greater numbers of the transmitters will be 
required on the approach to stations where stopping accuracy 
has to be ensured. 

Overall the lecture was extremely informative, covering a 
huge amount of detail in a short space of time.  I am sure the 
project will be considered closely by industry observers as this 
complex system is rolled out across a third of the LUL network 
that is SSR.  The Section’s thanks go to Dr. Daniel Woodland and 
Andy Dawes for their time and enthusiasm, and to Network Rail 
for allowing us to use their Banbury offices for the meeting. 

A Photocopy of this form is acceptable 
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On November 25 the IRSE Swiss Section got an inside look at a major centre 
for teaching and research on railways.  We visited the Institute for Transport 
Planning and Systems (IVT) of the Swiss Federal Institute of Technology (ETH) 
in Zurich. 

ETH has some 17 000 students and ranks among the world’s top 25 
universities and Europe’s top six.  Sixty percent of professors and PhD 
students are non-Swiss.  Nine of ten graduates find jobs within three months.   

“Our product is to ask good questions and deliver good answers”, said 
Professor Ulrich Weidmann.  IVT’s main teaching and research domains 
include system and network planning, dimensioning and capacity, including 
infrastructure and rolling stock; system management, marketing and quality; 
and railway safety and reliability.  IVT courses lead to a bachelor’s degree, 
whose emphasis is practical, and a more scientific master’s degree.  Alumni 
go to work for transport operators, suppliers and planning organisations.  
Professor Weidmann pointed out that although Swiss transport salaries are 
lower than in finance and medicine, they exceed those in IT, machine 
building and construction. 

Three PhD students presented their research.  Sabrina Wiedersheim is 
applying operations research methods to quickly generate fixed-interval 
timetables so that strategic planners can easily compare widely different 
timetable concepts.  To reduce computation time, the approach is 
“macroscopic”: it takes into account tracks, train stops, connections and train 
separation, but not detailed track topology.  A major question is how to 
divide a rail network – for example, the Luzern region – into manageable  
sub-zones for faster computations and checking. 

Steffen Schranil is working on predicting the duration of operating 
incidents as the basis for dispatching and passenger information.  This 
involves understanding the process – including detection, reporting, 
classification, diagnosis, prognosis and correction – by which a technical 
incident on a train or trackside element becomes an operational incident 
affecting a number of trains.  This understanding is critical on high-density 
networks like Switzerland’s.  Statistics on past incidents help estimate the 
duration of new incidents of the same type.  Also critical for dispatching 
decisions and passenger information is knowledge of remaining line capacity 
during an incident. 

Patrick Frank is examining the allocation of rail infrastructure capacity.  
Capacity consumption depends on paths and how similar ones are grouped, 
but also on delay risks due to under-powering, long paths and waiting for 
connections.  Each stakeholder – including the operators of the different 
types of passenger and freight trains, infrastructure operators, integrated 
railway groups, customers and political leaders – has a different viewpoint.  
The research is determining the cost of providing infrastructure, the value of 
the various train types to each stakeholder and how levers like path prices 
and regulation can raise the total value of operations.   

We then went downstairs to the ETH model railway training layout, 
successive generations of which have been running since 1955.  In 2011, the 
layout was rebuilt by IVT (trackside installations), Siemens (interlockings) and 
iRFP Dresden (intermediate IT connections) in an effort financed by ETH, SBB 
and Siemens.   

The HO-scale layout’s 600 metres of track represent 15 route-km.  We 
ran trains from six interlockings, including a Siemens & Halske machine from 
around 1900, an Integra electro-mechanical installation from the 1950s and 
Domino 67 panels, one of which controls a fully-fledged relay interlocking.  
An ILTIS installation (the Integra/Siemens Control and Information System - 
Integrales Leit- und InformationsSystem) can control the whole layout, on 
which ETH and SBB trainees operate trains to a timetable. 

Additional treats were films from Dresden on the inner workings of 
mechanical interlockings and the Soviet EZMG interlockings, whose 

technology, logic and signal aspects still control a 
number of small German stations. 

At the IRSE Swiss Section’s business meeting, 
Chairman Markus Montigel introduced ten new 
attendees.  Since 2003, the Section’s membership has 
grown from a small number to 56, and it has 
registered 18 prospective members.  A proposed 
change in the Swiss Section’s bylaws would let 
companies become affiliates.  He also emphasised 
the importance to participate in the IRSE Convention 
2012 in London, in order properly to celebrate IRSE’s 
100 anniversary. 

George Raymond 
Railweb GmbH: http://railweb.ch/ 

Upcoming IRSE SWISS SECTION 
events in 2012: 

 7 March, time approx.  14:45 – 20:00 
1st Annual Meeting of the IRSE SWISS SECTION 
With visit to the gauge-change facility of the 
MOB/Golden Pass in Montreux/Lake Geneva; 

 15 June (possibly also 16): 
Event to be determined; 

 9 ‑ 12 and 12 ‑  15 September: 
ASPECT 2012 and 2012 International Technical 
Convention in London, planned with a special 
SWISS SECTION event in London during the 
IRSE activites. 

SWISS SECTION 
Reports by George Raymond and Heinz Walser 

Our Chairman Markus Montigel and “staff” at … 
… and after work! 
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More on the Institution Crest 
 

As Terry George’s letter in issue 173 reminds us, the 
illustration in John Bunyan’s book ‘The Pilgrim’s Progress’ 
looks remarkably similar to the design of the original IRSE 
crest. 

 
 

 
John Bunyan (28 November 
1628 – 31 August 1688) was an 
English Christian writer and 
preacher, famous for writing ‘The 
Pilgrim’s Progress’. 

 
 
 
 

The Pilgrim's Progress (from This World to That Which Is to Come) is a Christian allegory written by Baptist Protestant preacher 
John Bunyan and published in February, 1678.  It is regarded as one of the most significant works of religious English literature, has 
been translated into more than 200 languages and, like the Bible, has never been out of print.  Bunyan began his work while in the 
Bedfordshire county gaol for violations of the Conventicle Act, which prohibited the holding of religious services outside the auspices 
of the established Church of England. 

The book is about Christian, the protagonist of the allegory, and centres itself in his journey from his hometown, the "City of 
Destruction" ("this world"), to the "Celestial City" ("that which is to come", Heaven).  Christian is weighed down by a great burden, 
the knowledge of his sin, which is so unbearable that Christian must seek deliverance.  He meets Evangelist as he is out walking, who 
directs him to the "Wicket Gate" for deliverance.  Since Christian cannot see the "Wicket Gate" in the distance, Evangelist directs him 
to go towards a "shining light", which Christian thinks he sees.  Christian leaves his home, his wife, and children to save himself as he 
cannot persuade them to accompany him and follows the light towards the Wicket Gate.  The remainder of the book is concerned with 
the trials and tribulations of Christian as he makes his way eventually to the Celestial City. 

Inspiration for the IRSE crest 
Ida Byles and her husband Cyril Byles with their Unitarian Protestant religious beliefs and Fabian socialist views would no doubt have 
been thoroughly familiar with Bunyan’s book Pilgrim’s Progress and its allegorical messages.  So it seems to me to be highly probable 
that Ida should have been influenced, inspired even, by the illustration of Evangelist pointing the way towards a shining light when she 
came to create the design for the Institution crest. 

Ken Burrage 

FEEDBACK 

‘I bear a far shining sign’ 

Re: Ideal Positioning of Infill Balises 

Determining placement of infill is I'm sure a topic which has 
bothered a great many people for many years.  Like Vishy 
Shanker, I have taken my turn, teaming up with Graeme Stainlay 
and others at RailCorp to refine the earlier theory, and engaging 
a mathematician to turn our diagrams and algorithm into 
formulae that could determine the 'correct' placement of either 
1 or 2 infill’s given a comprehensive list of parameters including: 

 signal sighting distance (during our roll-out period, it has 
been determined that infill should not be placed before the 
signal can be sighted); 

 train braking characteristics; 

 train acceleration characteristics; 

 line speed; 

 release speed (with a legacy of long overlaps, we're 
generally using onboard calculation, but there are still a 
number of situations where release speed will be 'low'); 

 gradient; 

 acceptable average delay. 

One significant difference I note between our later approach and 
Vishy's is that our diagram traced the train some distance after 
passing the signal, such that the time difference between the 
release-speed case and the infill case is measured over the full 
distance from start of braking to the point at which a train, forced 
to come to a complete stop, could have accelerated back to line 
speed.  There are however a few problems encountered. 

What is 'ideal'?  Ideal for whom?  Operations might say 'ideal' 
is minimising average delay across all trains, drivers might say 
consistency of placement is better than minimising the delay, but 
whatever the theory, design engineers will almost certainly 
determine placement for infill that is in the most inaccessible 
location for the installers and maintainers! 

The ideal only works for the ideal train and driver.  Even 
among an homogeneous fleet, both braking and acceleration 
performance vary from train to train, from day to day, due to 
factors such as wear of braking components, brake temperature, 
adhesion conditions, overhead line voltage, train loading, and the 
ETCS odometer confidence interval.  Even in the case of  
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FEEDBACK 
EMU/DMU rolling stock, with nearly constant power-to-weight ratio regardless of length, and electrically-controlled braking acting 
simultaneously throughout the train, a single consist and a double consist of otherwise identical performance will handle differently 
because the length of the train stretches over different gradients (and ETCS Level 1 typically uses a simplified gradient profile, and 
then builds extra conservatism into calculations using gradient).  And that is before considering differing driving styles, or even 
environmental factors such as reduced visibility or the difference between head- or tail-winds... 

What are the operational circumstances at the time?  Why was the signal at Stop?  What is the train ahead doing, or what is 
happening at the junction protected by the signal?  This feeds into the probability that the signal will clear at any given point of the 
train's approach.  There is no simple relationship between the position of the approaching train and the clearing of the signal, and it 
there is no guarantee that it is constant from one train to the next. 

Then, when the signal does clear, what is the optimum train handling?  If following another train, accelerating back to a high speed 
just means getting to the next stop signal sooner, cycling through heavy braking and acceleration.  That is not energy-efficient, and it's 
not ideal from a maintenance perspective. 

Finally, will driver behaviour change over time - there is a possibility that drivers might brake earlier in the hope that the signal will 
clear before they reach the infill, and that then changes the 'probability' of the signal clearing before reaching the infill, and so the 
'ideal' position would theoretically change too. 

Our conclusion? We're still not certain of how to determine provision or placement of balise infill.  The ideal?  I'd say radio infill! 
Adam Greaves, New South Wales 

RE: ETCS Level 2 Application on the Cambrian 

I write in response to Phil Hingley's letter in the December IRSE NEWS. 
The primary cause of the "problem" was that ETCS was to be 

applied to what had been a Radio Electronic Token Block system 
(RETB) without any change in the track layout.  Where as Phil will be 
familiar with RETB others may not be, so I need first to explain a little 
about this for my answer to be generally understandable. 

The RETB system is appropriate (more accurately was appropriate 
in the context of the technology available in the 1980s) for very lightly 
used rural lines; it minimises the need for any "active signalling" 
through countryside that is remote and maximises economy both in 
staffing and operation.  A driver receives the equivalent of a physical 
token giving authority to occupy the section between adjacent passing 
loops on the single line.  This is displayed by a text display in the cab, 
having been transmitted over the same radio link as used for voice 
communications utilised primarily for token exchange and only 
covering the areas of the passing loops, not the many miles between 
them.  The exit points at one loop and the entry points of the next 
passing loop are within the section.  These act functionally as spring 
points, that is they always direct trains to the left-hand loop, but are 
trailable for the train proceeding in the opposite direction leaving the 
other track at the station.  Actually these Train Operated Points are 
hydro-pneumatic; basically they detect the slowly increasing force 
when a train needs to trail them (differentiating this from an impact at 
the switch tips) and therefore release the holding pressure but then, 
after a suitable period of time, motor them back ready for the next 
facing movement.  Safety is ensured by providing a “Points Set” 
indicator light (generally now a yellow but previously a Position Light 
Signal was utilised on some lines) that a driver must observe to be lit 
before proceeding in the facing direction over the points; this light 
proves both the closed and open switch positions as well as the 
presence of adequate hydraulic pressure to provide a sufficient "facing 
point lock".  The maximum speed limit over such points in either 
direction is 15 mph (25 km/h).  

To answer Phil's question it is important to recognise that the end 
of the RETB token section is marked by a sign just before the 
commencement of the passenger platform (or equivalent for those very 
few loops not at stations).  This permits, in abnormal working, the first 
train to wait in the station having surrendered its token and then a 
following train to get a token, progress through the section and then 
make a permissive move to couple up to the first.  Indeed the more 

likely scenario is that the first train would actually be 
rescued by an opposite direction service, which would first 
pass it at the station, traverse the loop exit points, then the 
driver would change cabs whilst the points normalising and 
then make a permissive move onto the first train before 
coupling. The driver would than change ends again and 
restart for their destination, pulling the defective 
unit.  Hence there are NO OVERLAPS within the RETB 
system and therefore no constraints affecting simultaneous 
arrivals at the passing loop.  As on most single lines, the 
timetable is generally arranged that trains are due to arrive 
at similar times in order to minimise journey time due to 
unnecessary waits. 

One of the Cambrian Early Deployment Scheme 
project’s requirements was that there was to be minimal 
loss of standage at the passing loops; whereas almost the 
entire train service is provided by 2 car class 158s 
(generally coupled in pairs as far as Machynlleth where they 
spit into two trains, one for Aberystwyth and the other for 
the Cambrian Coast) there is a need for occasional trains 
which are much longer (e.g. the steam hauled excursions 
and engineering trains).  Given that the STOP boards 
(marking the commencement of the next token section) 
were generally placed at the clearance point for the points 
at the exit of the loop, this obviously gave a problem since 
there was zero space for any form of overlap without losing 
standage.  ETCS, like any other protection system, must 
have a margin between the place to which the driver is 
authorised to proceed (EOA= End Of Authority) and the 
place by which it must ensure the train is safely stopped 
(SvL= Supervised Location).  The smaller distance that the 
system “has in hand” to undertake emergency braking, the 
more restrictive it has to be when limiting the speed at 
which the driver can approach their EOA.  The train 
calculates its release speed (in essence the speed at which 
a SPAD can occur yet the emergency braking still be able 
to stop the train within the overlap); this calculation has to 
take into account “worst case” tolerances.  There will 
always be some positional uncertainty due to odometry 
error since the last balise that gave a position reference; 
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this could even prevent the driver driving as far as the marker 
board associated with the EOA, which would be both confusing 
and also lose more loop standage. 

The solution adopted on the Cambrian was to maximise the 
usable length of passing loop by placing the marker boards as 
close to the ends as feasible; this generally required only a short 
overlap / SvL for it to be clear of the exit points.  For the class 
158 Diesel Multiple Units (whose emergency braking rate is 
reasonable and the brake build up time quite fast), an overlap of 
around 80 m (depends upon gradient) results in a drivable speed 
profile up to the EOA. 

However, for the class 97 diesel locomotive hauled trains such 
a short overlap would not be reasonable.  ETCS would of course 
protect it, but as a consequence would so severely curtail the 
driver’s ability to drive to the EOA that in practice it would not 
be an acceptable solution.  The braking ability of a freight train is 
poor and most crucially the brake build-up time for a long train is 
very substantial; unless there is an overlap of several hundred 
metres the release speed imposed for the approach to the EOA 
would not be drivable (less than 10 km/h).  Note that the trains 
involved were never designed to be driven slowly at constant speed.  
Although there was a rare variant of the original class 37s which 
was “slow speed fitted” to facilitate merry-go-round unloading / 
unloading operation of power station coal (and proving very useful 
for S&T cable laying as well!), if a driver cannot merely coast to a 
stand, they have repeatedly to apply power for a very short period 
on an intermittent basis; this is very jerky and hard to control as there 
is little margin between stalling and over-speeding and situation 
made worse by significant time delays in the control cycle. 

Hence on the Cambrian whenever a sufficiently long overlap 
could not be achieved within the loop consistent with providing 
the minimum standage, two separate classes of route were 
provided, one with a short overlap within loop and the other an 
EOL (Extended Overlap) beyond it; see diagram 1.  In some ways 
the situation is analogous to provision of a Restricted Overlap for 
flexibility (does not lock the exit points) as well as a full overlap 
(which does lock them). 

If the normal routes are used, the SvLs are within the loops 
and there is no locking on the loop exit points, hence trains can 
arrive simultaneously; see diagram 2a; 

If the EOL is utilised, the opposite direction train has to be 
held well outside the station until the train has been timed to a 
stand (or potentially by train position report known to be 
stationary) within the loop.  This is the equivalent in mechanical 
signalling of holding the second train at the “home” signal until 
an unobstructed clearance point can be obtained; see diagram 2b. 

I write as someone who was closely involved in the project 
design phase but who lost contact with it prior to the delayed 
commissioning, however from what I saw at the IRSE visit earlier 
this year it certainly seems to be pretty much unchanged in this 
respect.  I also know in the early days post commissioning that 
there was a spate of incidents in which trains passed the EOA 
which were attributed to the driver misunderstanding their in-cab 
display; these showed a high release speed, even though there 
was no length of Movement Authority remaining.  This certainly 
suggests to me that for some reason the passenger service was 
being signalled using the “long overlaps”; the ETCS system on 
the class 158 would know it could still protect the SvL even for a 

high speed movement beyond the EOA since it could very easily 
stop within these long lengths (the issue would be more about 
derailment from over-speed through the trailing points!).  Hence 
perhaps Clive’s remarks were based on how he observed the 
system was being operated, rather than pertinent to what the 
system was designed to permit. 

So the quick answer is: 
Nothing to do with the version of ETCS (currently I think 2.2.2 

with certain additions, to be upgraded to 2.3.0d within the next 
year); 

A lot to do with Signalling Application on this far from typical 
line (for which ETCS L3 / Regional would be far more appropriate 
when viewed for its needs rather than as a national test track); 

Something to do with braking, especially brake build up times. 
Do I think that similar issues will need to be considered for 

ETCS L2 overlay on the the Great Western Main Line?  Yes 
definitely in general terms, but obviously the specifics will differ 
and will not be so extreme.  It does concern me that this 
information isn’t already within the “body of knowledge”; NR 
claims that Cambrian was useful learning much for national roll-
out, yet such a query from someone so closely involved suggests 
that much has got corporately forgotten already- it does seem 
rather a mistake that so much of the team most closely involved 
was allowed to disperse. 

Peter Woodbridge 
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Defensive Design 

Some thoughts stirred by the recent piece 
by Dr. Verma on Defensive Design.  I 
believe that Dr. Varma’s thoughts seem to 
have been long unexpressed in the 
literature of our profession. 

All members of the profession need 
very firm foundations on which to build a 
theoretical base for any new 
development, or even to apply a new 
method to solve an old problem.  It has 
become far too easy to be carried along 
with the tide of statistical evidence and 
RAMS probability; perhaps loose sight of 
the natural (and sometimes human) nature 
of the problems we deal with, and then 
wrap the whole of the result in a jargon 
filled report that will not be understood.  
As Dr. Verma notes the techniques of Self 
Check, Diversity and Redundancy are still 
only techniques, tools to be used once 
the basic design principles have been 
established.  If the Original Concept does 
not include Defensive Thinking then the 
final product has a high probability of 
containing ‘unexpected consequences’ 
with the possibility of ‘collateral damage’! 

The light at the end of the tunnel has 
long been a harbinger of disaster.  Once 
designers believe they have the solution 
in sight it is very difficult to get them to 
review their ideas from first principles.  
On the other hand I, and surely many of 
your older readers, remember some of 
these Defensive techniques being instilled 
when first joining the industry.  

At the London Underground 
Signalling School in Earl’s Court the 
examples were explained, perhaps not so 
eloquently as Dr. Verma but with absolute 
conviction.  Always work with natural 
physics to ensure a safer result, if the nut 
comes off what will happen to the pull, 
feed the TR and TQ windings from the 
same source to avoid false energisation 
etc.  These were solutions which had 
been developed generations before but 
still were taught to new entrants.  And I 
mean taught, not just left to be 
discovered as part of ‘experience’ or 
‘common practice’.  I must admit however 
that I was taught that whilst these 
embodied the essence of ‘Fail Safe’ they, 
and what later may be termed, the 
CENELEC techniques are deemed to be 
merely tools.  And a reminder that any 
tool can be applied incorrectly! 

FEEDBACK 
With that background I have had an 

interesting career dealing with many 
different cultures from both the users and 
suppliers of Railway Signalling equipment 
and have had little trouble in adapting to 
different techniques.  What is difficult 
however is when these ideas need to be 
translated to Software and the software 
developers are hidden behind a wall of 
‘Proprietary Intellectual Property’. 

The theory of Software Independence 
was a hot subject at Derby Research 
Centre when the first SSI designs were 
being developed.  Even if it could be 
achieved it required additional features to 
ensure synchronism of the multiple paths 
so that they did not kill one another just 
by timing diversity.  How were these 
additional features to be implemented in 
a safe manner without providing an 
immediate common mode failure 
possibility?  How did one insert cross-
check points within two diverse program 
streams without first coordinating the 
working of the two streams thus reducing 
independence? 

Even when the programming 
technique and hardware implementation 
have been established there comes the 
difficulty of fitting the system into an 
existing environment.  Interfaces have to 
be developed for which the failure modes 
(in both directions) need to be 
understood.  Often the interface to the 
trackside is reasonably simple however 
when the interface is at the control level 
and between different software based 
systems things do become tricky.  
Discussing the matter with some 
‘Designers’ can lead to a long process of 
reassessing of fundamental principles.  
Trying to achieve local operating 
procedures (human interfacing) with 
equipment developed for a different set 
can result in finding strange things have 
been assumed.  One then has to make 
decisions about what can be expected of 
a given (probably SIL 4) machine.  It can 
even become difficult to determine just 
where in a system the safety function is 
really being implemented. 

In an aside I might mention my 
experience with FORTRAN at Derby.  I 
and one other programmer, wrote a 
program ‘DAISY’ to produce BR type 
signalling control tables (no diversity or 
even cross checking there).  It was an 

early attempt at an expert system.  This 
program consisted, if I remember 
correctly, of about 12 different modules, 
each running to some thousands of lines 
of FORTRAN code and consisting almost 
exclusively of many sequential nested DO 
loops.  Each module overlaid upon its 
predecessor using the IBM Job Control 
Language with the working array placed 
after the compiled code.  Faultfinding in 
this maze was not a task for the feint 
hearted.  The whole program however 
rested on a fundamental fault of the IBM 
FORTRAN compiler which never checked 
the limits of an array.   

This program was developed at a time 
of punched card input and fan fold paper 
output, however had it been a little later I 
can envision such an old fashioned engine 
with a flashy GUI front end and internet 
output to manufacturing plants.  With 
updates in computing power it may have 
been supposed that the basic design 
should be ‘protected’ by some of the 
techniques mentioned by Dr. Verma, 
however that would probably have 
resulted in total failure of the program 
requiring a nearly complete rewrite 
(shades of Y2K compliance)! 

Whilst I was sorry to leave the project 
without it being adopted by mainstream 
design, I remember that one of the major 
points which had to be implemented was 
provision for the DESIGNER, a tool to 
take possession of the outputs and 
amend, improve or even CORRECT the 
results using his/her knowledge of the 
actual layout, the operational 
requirements and the appropriate safety 
rules.  It was assumed that these 
designers should be competent trained 
Signal Engineers so perhaps the project 
was indeed founded on a contradictory 
premise.  Dr. Verma’s paper reminds the 
IRSE that we should keep the next 
generation always aware of the 
fundamentals and differentiate from the 
techniques because from fundamentals 
any problem can be solved and the most 
appropriate techniques can be selected 
to implement the solution. 

On this last thought I feel I must 
comment on Dr. Verma’s conclusions.  
Whilst Defensive Design is indeed an 
additional layer I believe that layer is in 
fact the bedrock foundation upon which 
much of our profession is based. 

Arthur Haberlin 
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December Front Cover 

I just wanted to say what a wonderful festive photo the magazine used for the cover of the December Issue of IRSE NEWS. 
I was talking to Peter Woodbridge about it at the beginning of December and I told him how I intended to cut the cover off and 

mount on some card and use it as a Christmas decoration.  Peter questioned whether some might wonder if that was particularly 
Christmassy, but the fact it is an old semaphore signal, surrounded by snow and was captured on Christmas Eve, I think it made it ideal. 

Ian Sharp 

Re: The Memories of a Railway Engineer 

Some 42 years ago, little did S&T Engineering students Kevin 
Schofield and Les Wilkinson think that they would be still 
reviewing their careers in 2011 with their original mentor, Ray 
Brown.  The publication of Ray's memoirs, reviewed in IRSE 
NEWS Issue 172, provided an ideal opportunity for a pleasant 
lunch in Cardiff Bay in South Wales, over which the three could 
share their railway memories of times on the Eastern, Western 
and LM Regions of British Rail.    

It was fantastic to see Ray in good health at 90, after a health 
scare a year ago, and to enjoy his ever sharp perspective on his 
career in S&T Engineering management.  Fortunately his 
questions of us were not quite so technically probing as we 
remembered way back then.  

Kevin Schofield & Les Wilkinson 

Incline 
ahead

Signalling Opportunities 
Competitive salary + attractive benefits 
Birmingham and other UK locations

Clients turn to Atkins for the depth and breadth of our expertise,  
and for the enterprise we apply to problem solving. New technologies 
and collaborative approaches are a must when you’re delivering the 
most complex signalling projects in UK Rail. So, joining Atkins will 
be a true test of your abilities that stretches you both technically and 
professionally. It’s a chance to put your career on a steeper incline 
while delivering landmark projects alongside some of the industry’s 
leading specialists.

This is a great time to come on board, as we’re winning contracts on 
the UK’s largest mainline and underground infrastructure projects.  
With a range of roles on offer, there’s almost certainly an opportunity 
that’s right for you. You’ll find details of our positions on our website. 

To join an organisation that’s as committed to diversity as it is to 
excellence, visit www.atkinsglobal.com/careers/signalling or for 
further information, email Sarah.Wild@atkinsglobal.com
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MEMBERSHIP  MATTERS 

 ELECTIONS 
We extend a warm welcome to the following newly-elected members: 

Fellow 
Alexander W National Skills Academy  
Basu S Consultant  
 

Member 
Goverde R Delft Univ. of Technology Netherlands  
Kim J C Asia Railway Technology Co South Korea  
Kim Y H Asia Railway Technology Co South Korea  
Lian C K Wisma Monorail Malaysia  
von Rotz P Thales RSS Switzerland 
 

Associate Member 
Bruce M Invensys Rail Australia  
D'Cruz L S Thales Australia Pty Australia  
Dragt S ProRail  Netherlands  
Fey R A Bombardier Transportation Netherlands  
Hughes N J Rio Tinto Ore Australia  
Lloyd M E Parsons Brinckerhoff  
Rolph S R Network Rail   
 

Accredited Technician 
Siddals E Deltarail Group 
 

Associate  
Brown S Network Rail  
Doherty S Atkins  
Hocquigny R Bombardier Transportation Singapore  
Jolly I B Retired  
Larkins A J Network Rail  
Moore  E L Network Rail  
O'Donnell B D Railcorp Australia  
Smedley R Network Rail  
Steenkamp A B Self Employed  
Trill C Network Rail 
 

Student 
Andrianto J Invensys Rail Australia  
Blackwood A A Atkins  
Boulter B J J Network Rail  
Wilkins M Network Rail  
Worrall J Network Rail  
Yap Z F Invensys Rail Asia Pacific Australia  
 

TRANSFERS 
 

Member to Fellow 
Allison I J Centregreat Rail  

Associate Member to Member  
Greenwell D Achilles Information  
Ip K H MTRC Hong Kong 
 

Associate to Member 
Bult R Strukton Rail Netherlands  
 

Student to Associate Member 
Gu E Ansaldo‑STS Australia  
Lin H‑W Ansaldo‑STS Australia  

 
 
 

  
 
 

DEATHS 
It is with great regret that we have to announce 
the death of the following member: 

Wiegand K-D  Companion 
 
 

RE-INSTATEMENTS 
Jerman  P J 

Current Membership Total is 
4764 

Members to Note 
We recently conducted a trial sending out an IRSE Email 
Bulletin containing some details of forthcoming events.  
The Bulletin was sent to members who have registered 
their email address with the Institution and who have 
agreed to receive occasional correspondence by email. 

It was sent to UK members on 23 September 2011, and 
an updated one to non-UK members on 3 November 2011. 

Quite a large number of emails were returned as  
"non-delivered" and I would ask those of you who did not 
receive the Bulletin and think that you should have done to 
check their email address by logging on to www.irse.org 
and then go to  

http://www.irse.org/users/managerecord.aspx  
The page contains instructions for changing your email 
address if necessary.  It is the intention to send a Bulletin 
out every month or so in future. 

Colin Porter, Chief Executive 

Engineering Council UK  
Registrations 

Fawkes A Final Stage EngTech 
Hunter L Final Stage CEng 

 


