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As the New Year stretches out before us, January tends to be a time for reflection, 
expectation and hope.  As someone whose job doesn’t involve working directly on 
the network but alongside and end-on, I thought I might reflect on what I have seen 
“looking over the fence”. 

2012 was a year of massive achievements with big schemes being delivered all 
over the network, of such complexity and scale that would boggle the minds of our 
predecessors.  All generally in on time and to a standard of safety that is world class.  
However, there were some long shadows cast with staff killed on the ballast on both 
sides of the fence in 2012.  The challenge to us all as signal engineers is to keep 
everyone safe at work whilst continuing to deliver innovative, demanding projects 
and safely maintaining the infrastructure.  How can we do this when we have a 
standards-based culture which is always playing catch-up? 

2012’s standards were written ages ago when what we are now installing and 
developing wasn’t even dreamed of.  How will a standards-driven approach assist us 
in our work today and tomorrow?   Thinking of the support we get before things go 
wrong:  is the Office of Rail Regulator engaging with us?  If inspectors are not 
regularly out on the ballast, how do they keep up and give us the confidence to 
strive in a compliant manner?  The Rule Book:  Is it currently fit for purpose with the 
demands of the expanding railway and especially the length of some of the spreads 
we now see regularly?  The reports we see from the Rail Accident Investigation 
Branch:  by the time they come out, internal reports are completed, agreed and 
actioned and we have moved on, so how can they be made to better help us? 

What we have got is a first class work force that has a can-do attitude and gets 
stuck in.  Why not empower them, recognise the value of a well-trained permanent 
workforce with local knowledge and provide safety tools that allow them get on with 
tasks in hand?  Having been the safety bloke in some tight spots and a war zone, I 
was trained to ensure I had safe people, (in this case young soldiers) in safe places, 
doing safe things to a Safe System of Work with safe equipment, and with the 
minimum of paperwork.  The railway isn’t a dangerous place, but sometimes the way 
we manage it can make it thus.  So, the railway of 2013:  manage or lead, empower 
or more of the same?  Time for you to reflect? 

Major I Hughes TD, MD Green Dragon Rail,  
Deputy Chairman, Minor Railways Section 
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The concept of ‘Instant Signalling’ is an attractive one.  Reducing 
the time from the point at which design starts to the running of 
the first train on a scheme would allow return on investment to 
be realised more quickly than is currently possible, involve less 
disruption during the upgrade and expose staff to less danger 
through reduced site time.  Costs would be reduced, as 
expensive, skilled staff would be required for less time than 
today. 

Unfortunately few of the public realise why our profession 
works as it does, or understand the levels of safety that we have 
been building into and maintaining within our systems over the 
past century and a half, the complexity of running a railway 
effectively and the importance of what we do.  To them 
Signalling and Train Control is just portrayed as a black art, and 
the concepts of ‘problems with lineside equipment’ or ‘signal 
failure’ are alien.  There is an expectation that technology is 
available, reliable and hugely functional – easily replaced when 
fashion dictates. 

As Signalling and Telecommunication Engineers we know 
that the reality is rather different.  However technology and 
expectations are changing all around us and the pressure is 
mounting to deliver projects in a very different way to how we 
have done in the past.   

This paper seeks to look at the feasibility of ‘Instant 
Signalling’, identifies a number of the challenges that we face as 
an industry and, specifically, looks at areas of progress.  We also 
indulge in some crystal-ball gazing, considering what the future 
may hold for us all.   

Our basic assumption is that the railway of the future will 
have little or no lineside equipment, with signalling information 
presented in the cab to the driver (if there is one).  Data 
preparation and validation is generated directly from the track 
configuration plans, and all equipment exists as nodes on a large 
communication network.  Tomorrow that vision may be very 
different! 

Instant Signalling:  
Getting from Design to Operation More Quickly 
By Rob Cairns,  
Delivery Director, Invensys Rail Systems 
 
Paul Lewington,  
Head of Technology, Invensys Rail Systems 
 

Eur Ing Mark Glover,  
Head of Innovation, Invensys Rail Systems 
 
Paper to be read in London  
on 10 January 2013 

DRIVERS FOR CHANGE AND 
ENABLING TECHNOLOGIES 
Railways across the world are facing similar challenges, despite 
the diversity of infrastructure that they are working with.  The 
four ‘C’s of Carbon, Cost, Capacity and Customer satisfaction 
are at the top of the agenda.  For many railways however the 
cost of implementing any signalling scheme is seen as 
prohibitive – especially for secondary and rural lines. 

Taking the UK as an example, we find ourselves with a large 
number of secondary lines on which mechanical signalling 
remains, locally controlled from signal boxes constructed in the 
late 19th and early 20th centuries.  Skilled personnel are required 
to work shifts to keep the service running, and the equipment 
maintains appropriate levels of safety and operational 
throughput.  While the equipment functions well there is little 
need for anything other than routine maintenance, and once 
staff are skilled in the operation of the signalling systems, they 
are able to support the operation of the line. 

When changes to the scheme are needed, perhaps the 
addition of sidings or crossovers, skilled locking fitters are 
required – a breed that is likely to become life-expired long 
before the equipment they work with.  Whilst it is possible to 
interface systems such as the European Rail Traffic Management 
System (ERTMS) to mechanical systems, this does not permit 
anything other than basic operation. 

Conventional signalling systems offer the ability to upgrade 
functionality and capability and the opportunity to move 
signalling control to combined regional centres, but not always 
a strong business case for investment.  There is therefore a need 
to apply signalling more effectively than before – reducing 
capital expenditure and operational expenditure to give the 
case for investment in a more capable, more flexible and more 
available railway.  Increased capital expenditure may result in 
reduced total cost of ownership of assets, but in many railway 
business models, if the initial capital cost is too high, the money 
simply will not be spent.  This to some extent reflects the fact 
that politicians are elected for a term of four to five years, which 
is less than the average project lifecycle. 

Customer expectations are another major driver.  With the 
increasing proliferation of consumer electronics, the travelling 
public have demonstrated changing expectations of their 
railway network and the information available about it.  To the 
‘smartphone generation’ the notion that they will arrive late at 
work because of the failure of a signalling system supporting 
Victorian infrastructure just does not ring true.  These same 
customers are unwilling to accept a railway with restricted 
capacity, for which parts cannot be obtained and which requires 
staffing levels that drive up ticket prices.   
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Political demand for increased ridership on existing 
infrastructure is growing.  Again in the UK, Sir Roy 
McNulty’s 2011 Report into the value for money offered 
by the rail network [ref. 1] sought to understand why the 
cost of running the UK rail network is high compared to 
other railway systems.  The report identified a range of 
reasons, particularly the age of the infrastructure and 
the incremental way in which standards have been 
constructed.  It also looked at the operational costs of 
supporting the railway and made some hard-hitting 
recommendations around changing the way in which 
staff are deployed.   

Technology is changing in a way which enables a 
new approach to be adopted, as mentioned by Francis 
How in his Presidential Address: “This growth in areas 
that might be collectively termed ‘information, control 
and communications’ technology goes well beyond the 
traditional scope of S&T Engineering” [ref.  2]. 

Arguably the most powerful enabler is the increased 
adoption of high performance communications 
networks across complete railways.  Having been an 
early adopter of communication technology 100 years 
ago, the railway industry has been slightly slower in 
making the most of the interconnected world we live in 
today.  This is changing rapidly as more and more 
elements of the railway are ‘networked’ using Fixed 
Telecommunications Networks (FTN) providing nodes 
throughout the route. 

Interlocking technology is also changing.  The ability 
for objects and interlockings to communicate over 
Ethernet using secure communication protocols is 
standard for many systems today, offering the additional 
benefit of communication with ERTMS Radio Block 
Centres and other automatic train protection 
technologies.  Much of this change is driven by 
advances in other industries, particularly the aviation 
and defence worlds, from where technology and 
process can be directly transferred to rail. 

Led to some extent by the mass transit railways, 
expectations for levels of automation within signalling 
control centres are much higher than they have been in 
the past.  Again the networked nature of the controlled 
systems allows control centres to manage extended 
areas in a manner that completely masks the type of 
interlocking at the other end of the network cable. 

Finally we find the industry is changing only because 
it wants to itself.  There is an increasing groundswell of 
innovation and adoption of newer technologies.  More 
and more railway engineers are questioning the way in 
which we work, and the standards that are mandated 
across the global industry.  This is an important part of 
the move towards ‘Instant Signalling’, as those who are 
skilled and experienced enough to identify elements of 
existing practice that can change do so – whilst never 
losing sight of our profession’s responsibility to maintain 
the highest levels of safety. 

SCHEME DESIGN 
There is a real temptation to simplify the entire railway to the point 
where there are repeated ‘blocks’ of railway connected by plain track.  
For some railways this may be an ideal solution, offering a means of 
repeatedly using blocks of design, data, circuitry and equipment.   

However there are decisions to be made about operational 
flexibility.  It would be possible to build in a significant amount of route 
redundancy, fallback mode operation and so on into these standardised 
blocks – increasing the complexity of design, installation and test to the 
point where the cost of providing such functionality may in fact exceed 
the benefits accrued.   

A sensible approach needs to be taken to ensure that the scheme 
really optimises the use of standard railway elements whilst not 
restricting the performance and throughput of the line.  This requires 
comprehensive cost benefit analysis, and potentially some crystal-ball 
gazing to identify future requirements.  Unless this balance is right, 
Instant Signalling is a non-starter. 

PRODUCT DESIGN 
For a number of railways and suppliers there has been significant 
concentration on the design of signalling and control products.  For 
some time there has been a push by some railway administrations to 
move towards the use of programmable logic controller (PLC) 
technology from the process automation industry.  PLCs have been used 
in SIL3 configurations for some time, and there are increasing numbers 
of instances, particularly in Germany and Sweden, where they are being 
used in SIL4 applications to provide signal interlocking functionality.  
This approach has been driven by a desire to move to the use of 
‘Commercial Off-The-Shelf’ or COTS technology, with the intent that 
‘standard’ components can be used, thus moving away from the 
proprietary systems provided by signalling companies.  The ongoing 
success of this remains to be seen, but it is certain that the architecture 
of interlockings is changing. 

Newer types of interlocking can be deployed in a wide range of 
configurations, from highly centralised to broadly distributed  
(see Figure 1).  Choosing the correct 
solution for individual applications becomes 
a challenge we have not been familiar with 
to date! 

A number of customers prefer to have all 
of their interlocking equipment located 
centrally, typically close to control centre 
equipment, and increasingly to Radio Block 
Centre systems.  The perception is that this 
reduces travelling time associated with fault 
finding and repair, since maintenance staff 
are generally located in the same building as 
the equipment.  That is fine if the fault is 
with the central equipment, but not if 
remote objects have failed.  This approach 

Figure 1:  
Interlocking technology is changing very quickly.  
Here is a WESTRACE Mark 2 Processor Module, 
giving processing power for an extended area of 
railway in a single module 

1 
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does however make data changes and upgrades more 
straightforward, since data only needs to be changed in one 
location.   

Other customers, particularly mass transit railways, have 
traditionally preferred to have distributed interlocking equipment 
controlling points, signals and other equipment locally.  The 
concept is that, in the event of an interlocking failure, only a 
small area is affected and trains can be ‘talked through’ until the 
fault is rectified.  The downside is that it takes time to get 
personnel to failed equipment, but for the type of railway 
concerned travel distances tend to be small and there are plenty 
of employees around the railway. 

The approach that our company has taken is to adopt 
product design that can support architecture anywhere on the 
spectrum from centralised to distributed interlockings, with 
current schemes being built using a semi-centralised approach.  
We have sought to concentrate on the standardisation and 
modularisation of parts, so that any of the railways in our target 
market can have their signalling implemented by connecting a 
number of units from a small range of standard Object 
Controllers (for example one for signals, one for points, one for 
axle counters) to a semi-centralised interlocking located in a 
small trackside building.   

The advance of electronics technology has been such that the 
interlocking itself now resides in one two-card module sitting in a 
19-inch rack, so reducing space demand significantly.  Object 
Controllers are created from one standard module which 
provides enough inputs and outputs for all standard applications, 
this being mounted on a backplane with whatever other 
equipment is required, for example point contactor relays or 
Train Protection and Warning System (TPWS) modules.   The 
standard modules contain no data; each module’s configuration 
is contained within coded plugs which carry the network address 
of the object, and simple data such as whether the signal 
controlled is two-aspect or three-aspect. 

Plug coupling is becoming the standard approach for all 
interconnections.  Whilst the plug couplers used are not cheap, 
they offer a reliable and secure means of connecting and 
disconnecting equipment quickly.  Time on site is significantly 
reduced compared to conventional cable running and 
termination, and importantly it is much easier to test equipment 
off-site.  The amount of cable required is also significantly 
reduced through the adoption of networking techniques; the 
expensive and hard-to-manage multicore cables of the past are 
replaced by fibre optic cables, or connections to the FTN.  It 
should be stressed that this brings its own new set of problems 
and skill requirements, but they are ones which are increasingly 
understood across all industries using communication based 
technologies.  The demand for even fibre optic cable is likely to 
reduce as increased use of radio communication technology 
permits the removal of these connections.  This is not without its 
own issues of course: if you are communicating with an object 
over a bit of cable, you have a pretty good idea as to where it is. 

Product design is changing significantly in terms of power 
supply provision and connection.  The highly expensive high-
diameter copper cables that are conventionally used on many 
railways need to become a thing of the past.  As many within our 

profession know too well, rising commodity costs make these 
cables expensive to purchase, and extremely attractive to 
members of our communities who have become adept at 
removing sections of cable rather more quickly than we can 
install it (see Figure 2).   

Products are therefore increasingly designed to operate at 
low voltage and to be highly immune to power fluctuations or 
outages.  Moving to these lower voltages and using local battery 
backup allows significantly smaller cables to be used to connect 
to any local power supply without any impact on system 
availability. 

Battery technology is evolving very quickly, offering 
increased opportunity to reduce the size of local battery backup 
equipment, and using the simple power supplies available in a 
more efficient manner.  We anticipate significantly increased use 
of evolving solar and wind power solutions to further reduce the 
demand for external power supply and therefore operational 
cost. 

APPLICATION 
Although standard designs and circuits have been used wherever 
possible, for most railways trackside equipment cases have 
largely been bespoke, with a unique fit of equipment and 
associated wiring.  Whilst skilled (and often IRSE-licensed) staff 
within the manufacturers can create these units quickly and 
efficiently, the real economies of scale in producing large 
quantities of identical equipment cannot be realised. 

The adoption of standardised modules such as object 
controllers offers the possibility of moving away from this 
specialist design.  Application design becomes identification of 
where objects are placed on the scheme plan, and filling in of 
simple design sheets to specify the configuration parameters for 
that object (see Figure 3). 

New skills are required to work out the most appropriate 
means of networking the objects together, either using local 
‘dark fibre’ cables or connecting to the railway’s FTN.  Greater 
consideration of power design is also necessary if the capability 
of the current technologies is to be exploited.   

Arguably the area of design in which the most unexploited 
opportunities for reducing project lifecycle exist is that of 
interlocking data design, as mentioned by our President in his 
address: “Signalling application designs will be far more 
standardised and less bespoke, and design and testing 
processes will be largely automated” [ref.  2].  Different 
signalling manufacturers use different techniques to create data, 
but the general principles remain the initial capture and 
implementation of signalling rules, and the application of that 
data to the geographical constraints of the railway.   

For some systems, that signalling rule capture involves ‘hard 
coding’ the signalling principles into the system and providing 
relatively simple geographical data to configure the overall 
system.  For others, ‘templates’ of logic are created and then 
‘cut and pasted’ into the data design, with the geographical data 
being applied at this point (see Figure 4).  Other approaches 
include the creation of more traditional control tables to 
represent the logic to be applied before translating it into data. 



N
O

T 
FO

R
 R

E
-P

R
IN

TI
N

G
©

 IRSE NEWS  |  ISSUE 185  |  JANUARY 2013  5 

Whichever system is used, there is significant effort involved 
in the capture of those original signalling rules.  For suppliers 
who have worked with railways for extended periods of time, the 
cost of this capture has been amortised over many projects, and 
the Signal Engineers that are working with these rules from day 
to day understand not only how the rules are applied, but why.   

The rules that exist for any railway have been developed for 
good reasons.  Older railways tend to have more complex 
principles which have evolved over many decades, and those 
rules may not all be applicable in the railway of the 21st century.  
This is particularly relevant as the use of radio-based signalling 
techniques such as ERTMS / ETCS permits simplification of the 
signalling system, with fewer signals being needed and 
alternative approaches to train detection being adopted.   There 
is also a danger that for railways that have been built up from a 
number of smaller units there may be regional differences in 
practice and principles, with the concept of ‘preferential’ 
engineering arising.  This manifests itself in well-intentioned 
engineers believing that the way of doing things that they were 
taught is the only correct way of implementing a scheme. 

There is a significant opportunity for the railways and 
suppliers to work together to review the principles used for each 
railway, and to consider whether any simplification is possible.  If 
the number and complexity of principles can be reduced and 
recorded accurately and in a relatively formal way, then re-use of 
data constructs becomes a major opportunity to reduce the time 
taken to move from design to operation.  The use of simpler, 
standard constructs also reduces the opportunity for error as 
data is constructed, thus reducing the potential for rework cycles 
to further delay progress. 

In an ideal world those signalling principles are established, 
recorded, validated and stored in a way that allows application 
data to be created quickly and accurately.  In that Utopian state 
the rules are also ‘locked away’, unchangeable, and applicable to 
all projects and all operational demands.  Transferring 
information about the railway infrastructure to this standard data 
should then be a relatively simple matter of identifying 
appropriate rules to be applied, and identifying the relationship 
between objects (e.g. points, signals, train detection) in order to 
apply the rules.  This can potentially be fully automated, with 
scheme plan data being used to populate the data constructs. 

We do not yet live in that world though, and reality today 
dictates that there will be specific operational requirements for 
elements of the railway, which in turn demands that skilled data 
designers ‘fettle’ data to meet expectations. 

One approach is the adoption of templates, as used in ladder-
logic based interlockings.  The standard elements of data are 
defined in the template by skilled and experienced Signalling 
Principles Designers.  This capture of the rules and the associated 
logic is then verified and validated by suitably independent 
signalling engineers, at which point the template is ‘locked’.  
Beyond this point only application data can be added, the 
template and the rules embedded within it being considered to 
be complete.  Application to individual schemes then involves 
Data Designers taking information from the Scheme Plan and 
using this to answer questions asked by the template tool.   

Figure 2:   
The use of power boxes sited close to objects allows a radically different 
approach to provision of power on railway networks.  Expensive copper 
cables, vulnerable to theft, are no longer needed and any local power supply 
can be used to trickle charge the batteries 

Figure 3:   
The concept of building a railway from a set of standard blocks is an extremely 
attractive one.  The figure shows a high level logic representation of a station 
area created using the Invensys GEO Interlocking data preparation system 

Figure 4:   
Templated design allows signalling logic encapsulating the rules of the 
railway to be ‘locked away’.  Data design then involves answering a series of 
questions, from which final data is created.  Automated Design and Test will 
remove this step 

2 

3 

4 
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Desk testing using PC based simulation is now fairly standard 

within the industry, allowing designers to check that the systems 
behave as anticipated before passing the data across for formal 
test.  This testing is merely intended to ensure that the 
geography of the railway has been adequately represented and 
reflected in the data construction; the signalling rules were 
tested and locked away in the template. 

Increasingly, formal methods are becoming available where 
mathematical techniques can automate the process fully once the 
signalling rules have been formally identified.  Significant 
progress has already been made by a number of players in the 
industry towards a situation in which the rules can be formally 
identified, stored and applied, and then geographical data can 
be simply fed into the software to be applied in a few minutes.  
Mathematical verification of the output data can then take place, 
and as a result signalling data can be created fully automatically. 

The success of this is entirely dependent upon the accurate 
representation of signalling rules and principles, and this in turn 
is only likely to be significantly successful if we are able to agree 
an appropriate set of standard rules.  This mathematical 
approach simply cannot work if the rules are to keep changing, 
or ‘special cases’ are to be dealt with on a regular basis. 

INSTALLATION 
Traditional schemes have involved extensive site works.  These 
are expensive, needing many staff on site, provision of 
appropriate safe systems of work, welfare and office facilities, 
plant and test equipment and frequently the employment of a 
range of sub-contractors to carry out specific tasks.  All of this 
furthermore increases the potential for disruption to service, and 
reduces the occupational safety of those who are exposed to site 
working. 

Recent years have seen significant strides made by a number 
of disciplines on the railway towards realising a situation in which 
installation is simplified and site work reduced (see for example 
Figure 5).  On the Signalling side one success story is the 
adoption of lightweight LED signals.  In a classic example of 
railway evolution, following the first application of colour light 
signals in the beginning of the 20th century signals grew heavier 
as they were required to be visible from a greater distance and 
to provide functions such as filament proving.   

Since filament bulbs need regular replacement, a ladder had 
to be provided at the signal post.  This in turn had to support the 
weight of the ladder and the maintainer.   Then we put a cage 
around the maintainer to allow him to work safely in electrified 
areas, and so on.  LED signals can be carried by one or two 
people, need little or no maintenance and can be seen clearly 
from extended range.  As a result greatly simplified structures 
can be used, as we can see on many railways today. 

The use of civil engineering approaches such as screw-piled 
foundations (metal spikes driven into the ground with an auger) 
has reduced or removed the need for extensive pouring of 
concrete and the related demand for plant and people.  Similarly 
as Relocatable Equipment Buildings (REBs) are replaced by much 
smaller units, the amount of concrete used is significantly 
reduced. 

Figure 5:  
Mobile units containing 
office, workshop and 
welfare facilities can 
increase the efficiency of 
installation, testing and 
commissioning and 
reduce time on site 

Figure 6:  
Frauscher wheel sensors 
simply clamp to rail in a 
matter of minutes, 
requiring no rail drilling 

Figure 7:  
The concept of building 
and testing interlockings 
off-site is not a new one 

Figure 8:  
Hangar integration and 
test with appropriate test 
equipment allows the 
majority of testing to be 
carried out in clean and 
safe conditions with the 
same equipment that will 
be delivered to site 

Figure 9:  
The newer technologies 
allow significant 
reductions in equipment 
size.  Here a Modular 
Equipment Housing 
containing an 
interlocking, level 
crossing equipment and associated power and communications equipment is 
loaded on to a lorry, ready for delivery to site.  On arrival all cables will simply be 
plugged in, and the system will be ready to be powered up 

Figure 10:  
Handheld devices allow installation, test, commissioning and maintenance 
activities to be scheduled and assigned to the relevant engineers and 
technicians.  When on site they are able to step through activities and record 
results in real time.  Asset and Condition Management information can be 
relayed directly back to these devices 

5b 

6 

7 

5a 
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A number of manufacturers have invested in the development 
of new means of fitting equipment to the trackside.  For example 
one manufacturer has developed a mounting system that allows 
Automatic Warning System (AWS) magnets, TPWS antennas or 
ERTMS Eurobalises to be mounted by a simple clip held in place 
by the ‘Pandrol’ track clip.  Another manufacturer of axle counter 
equipment uses a simple clamp under the rail to hold wheel 
sensors in place (see Figure 6).  Removing the need to drill rails 
or sleepers offers a major reduction in time on site. 

What is certain is that site time is reducing as a number of 
approaches are taken.  We do now operate in an industry which 
is striving to minimise trackside equipment, or at least to reduce 
the weight of those modules that are required to the point where 
they can be carried by one or two staff.  Multidisciplinary teams 
with appropriate skills, licences and equipment are already using 
‘Gators’ or similar lightweight plant to access the railway, do 
their work, and then get clear with minimal disruption and 
maximum safety for themselves. 

TESTING AND COMMISSIONING 
Testing and commissioning have seen significant changes in 
recent years, largely around the demonstration that systems have 
followed the lifecycle dictated by modern international standards 
such as those laid down by the CENELEC EN50126, EN50128 
and EN50129 family.   

One approach that is increasingly widely adopted is that of 
increased off-site testing.  Invensys uses the concept of 
‘Hangaring’, whereby all elements of a scheme are brought 
together in a ‘Hangar’, an integration and test facility away from 
the railway (see Figures 7 and 8).  Once design is complete, all 
appropriate modules are brought into the Hangar, connected to 
appropriate test loads, interconnected and powered up.  The 
vast majority of testing is then carried out in the Hangar, without 
the complexities of reaching remote sites, avoiding passing trains 
or potentially disrupting service. 

When testing is complete – and documented – the 
equipment is loaded into containers (with those items required 
first packed last) and transported to site ready for installation 
(see Figure 9).  Testing then involves a ‘through test’ to ensure 
that the correct objects are being driven and sensed by the 
interlocking system, and those activities that can only be tested 
on site such as checking signal sighting and fouling points at 
junctions.  No further Control Table or Principle Testing is carried 
out on site, other than testing to ‘external’ fringes to the scheme 
which cannot be fully tested away from the installation. 

As automatic data generation and proof takes off, we see the 
testing activities reducing further.  The in-Hangar testing will be 
reduced when the data has been proved mathematically; it will 
have been proved safe with a degree of rigour that even the best 
Principles Tester cannot hope to attain.  This represents a major 
cultural shift for railway staff though, and learning to live with a 
completely different way of demonstrating that the extremely 
high safety levels that we need to attain are maintained. 

Time is already being saved during the installation, test and 
commissioning phases through the use of handheld devices to 
steer staff through set processes, to record the results and to 
provide continually-updated status information to the Tester in 

8 

9 

10 

Charge.  Investment in the information technology associated 
with the use of ruggedised handheld devices from the process 
automation industry, or even consumer smartphone/tablet 
technology, supported by appropriate back-office servers and 
software, permits semi-automation of test recording and issue 
logging (see Figure 10). 
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This same technology is also available to provide asset 
identification and tracking information, and to provide remote 
diagnostic and condition management information – i.e., 
throughout the lifecycle of the equipment.  The McNulty report 
picked up on this issue, adding that “Extending the use of 
handheld devices to provide real-time information to the 
industry’s workforce and allowing rapid updating of information 
would be one way of dealing with criticisms of the industry’s lack 
of responsiveness” [ref.  1]. 

OPERATION AND MAINTENANCE 
As equipment becomes interconnected by networks, operation 
can be managed more flexibly.  As long as the interlocking 
equipment and the control centre are connected to the same 
network, they do not need to be geographically close.  This 
offers the opportunity to centralise control of many schemes in 
one place. 

The flexibility of the control centres themselves offers the 
potential to reduce the time from design to operation further.  
Additional schemes can be added to existing centres through 
relatively straightforward software changes, and the transparent 
way in which different signalling technologies can be controlled 
from one centre means that training of staff can be significantly 
reduced.  Understanding the effect of human factors on such 
control systems is important if operators are to be able to 
manage increased areas of railway; however there are strong 
examples of the use of such technology in safety-critical 
environments, as discussed by Gottfried Allmer in his paper on 
Air Traffic Control systems presented to the Institution in 2010 
[ref.  3]. 

Operational readiness in all of its forms is a key issue when 
considering any element of new product introduction, or 
bringing in a product that is unfamiliar to a railway.  Training of 
operators and maintainers is an essential part of making sure that 
systems can be brought into service quickly, and it is our 
experience that this is most easily carried out by the appropriate 
use of simulations in the training environment.   

The newer systems tend to be very reliable and available, 
which reduces the operational cost of the equipment.  However 
this has the effect that maintainers gain very little experience 
dealing with equipment failure, and so fault-to-fix times can 
increase.  Investment in refresher courses and realistic training is 
important if the appropriate levels of service are to be 
maintained. 

MODULAR SIGNALLING: 
SHREWSBURY TO CREWE 
One of the highest profile schemes related to many of the 
techniques contained within this paper is the Network Rail 
adoption of Modular Signalling.  By the time this paper is 
published, much more will be known of the success of the Ely to 
Norwich and Shrewsbury to Crewe pilot schemes, but at the time 
of writing they are both in the process of being installed and 
commissioned. 

The Invensys modular signalling solution that is being applied 
to the Shrewsbury to Crewe line seeks to adopt many of the 
elements listed above.  A network of object controllers is 

installed on the railway, controlled from five ‘Modular Equipment 
Housings’, and seven level crossings are also controlled by 
equipment supplied under the scheme.  A WESTCAD control 
centre at Cardiff controls the scheme. 

Hangar testing has been used during the implementation of 
the scheme, and data has been constructed using a ‘templated’ 
approach.  Lightweight signals and structures are used 
throughout, with screw-piled foundations being the main means 
of supporting equipment. 

Whilst many of the techniques contained within this paper 
are not new, the two Network Rail modular pilot schemes bring 
more of the new approaches together between them than any 
other scheme to date.  This offers a significant opportunity for 
the industry, but with our industry’s record of less-than-speedy 
evolution we should be pragmatic in treating them as the pilot 
schemes that they are intended to be, rather than a completed 
solution.  This is the first step on the road to Instant Signalling, 
not the completed journey. 

LESSONS LEARNT 
Over the next few months the lessons of the first two Network 
Rail modular pilots will be assessed and learnt by the supply and 
client sides.  It is too early to mention specific lessons learnt from 
these schemes, but over the past few years of seeking to reduce 
the time between contract award and operation for a number of 
global clients, some learning points have become apparent.  
They include the following: 

 The importance of making sure that appropriate 
simplification and standardisation is implemented.  Trying to 
implement signalling schemes similar to those installed over 
the past 50 years with newer equipment does not offer the 
cost advantage that the industry seeks; 

 Simplification and standardisation of the railway, for 
example the use of standard layouts, the removal of rarely-
used crossovers etc., needs to be fully understood in terms 
of the associated business case; 

 Signalling rules and principles should also be simplified and 
standardised wherever appropriate – making sure that we 
retain high levels of safety and flexibility; 

 Level crossings offer a particular challenge to all involved.  
The railway lines for which new approaches are most 
appropriate are typically those with many road crossings.  
Our experience is that crossings come in many varieties, 
regardless of their general type; 

 Network design and capacity are key.  For systems where 
networking is critically important, network design (including 
Interne Protocol addressing) needs to be substantially 
complete early on in the project, with appropriate levels of 
built-in redundancy.  A clear understanding of the 
bandwidth required is also important – especially if 
significant levels of condition management and diagnostic 
data flow are to be implemented.  It is interesting to note 
that this issue was also raised by our colleagues in Invensys 
Rail Asia Pacific in their ASPECT 2012 paper on the 
Auckland Metropolitan Resignalling Project [ref.  4]; 
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 Site surveys have to be accurate!  When manufacturing and 
terminating cables off-site, minor errors in measurement can 
have a significant impact on installation timing.  We find that 
on the majority of railways worldwide, minor discrepancies 
do exist in records, and the only way of being absolutely 
sure that equipment is located as expected is to measure! 

PEOPLE 
What has become clear through recent experience of the 
introduction of some of these technologies and approaches – 
particularly around increased automation of design and test – is 
that to many of our colleagues, change appears threatening.  
This is not surprising; in many ways we are seeking to remove 
some of the activities that have been at the heart of our work for 
many years.  Repetitive design of trackside locations, interlocking 
data or power supplies, and the related testing, particularly on-
site testing, are likely to disappear as these new approaches are 
taken. 

We do not however see the adoption of such techniques as 
bringing the end of the Signal Engineering profession – far from 
it.  The design of data templates, or capture of signalling 
principles in formal languages, should be a ‘one per set of 
Signalling Principles’ job, requiring the skills and capabilities of 
experienced and thoroughly capable engineers.  Once this has 
been done, the creation of data and design should be a largely 
automatic process, removing many of the tedious elements of 
design, reducing scope for errors and reducing rework cycles, 
ideally to zero. 

We will continue to need skilled Signal Engineers to tackle 
the one-off interfaces, fringes or unusual operating requirements.  
The basic skills of Signal Engineering – and the capability to carry 
out advanced design, checking and verification - will not 
disappear.  What will disappear is the repetitive work that wastes 
the skills and talents of a large number of specialists in today’s 
industry. 

What is certain is that we need a changed skill-set in the years 
to come.  We need engineers who are comfortable and capable 
designing complex network schemes, optimising the layout of 
standardised modules, supporting the operators to give them 
the functionality that they need, and dealing with newer 
technologies such as ERTMS.  This is described in Will Scott’s 
paper to the ASPECT conference earlier this year [ref.  5]. 

It is likely that it will not be enough to have specialist 
knowledge of a narrow field, but that a generalist approach will 
be essential.  A detailed knowledge of the ways in which railways 
operate will remain essential, particularly in terms of some of the 
privatisation and track access models operated around the world.  
Railway skills and experience will remain critically important, and 
a solid understanding of the way in which signalling works for 
each infrastructure owner will remain essential. 

What we are asking our engineers to do will – in our opinion – 
change in terms of skill-sets and comfort with newer 
technologies.  What will not change is the requirement for a solid 
grounding in maintaining the safety of our railways. 

INSTANT SIGNALLING 
‘Instant Signalling’ will not happen in our current world of 
trackside interlockings, signals and train detection.  When all 
trains are fitted with their own fail-safe interlocking and 
communication equipment, 100% aware of their own position on 
the railway and those of all other trains that could affect their 
passage through the network, and the only trackside equipment 
is high-availability points machines (assuming all Level Crossings 
have been removed!), then we can move towards that goal. 

Much of the technology exists, but we still need to move 
towards the certainty of knowing where ALL trains are ALL the 
time -  and that they are complete - before we can truly move to 
Instant Signalling. 

CONCLUSION 
We have not reached ‘Instant Signalling’ yet.  However changes 
in technology allow us to move towards a radically different 
approach to signal and railway control engineering, whilst 
maintaining the safety and operability of the railway.  The 
industry has made some major steps on the road towards this 
target, with changes in technology, procedures, principles and 
attitudes.   

Next steps will include: 

 a clear, detailed and open-minded review of the progress 
made in recent years; 

 further automation of testing, commissioning and 
maintenance; 

 more work to make sure we have accurate and appropriate 
signalling principles defined clearly and recorded formally; 

 more work on remote condition management and providing 
maintainers and operators with the information they need, 
when they need it. 

As a profession we need to challenge existing standards without 
losing the benefit of the experience gained in the 150 years and 
more of providing safe systems for railways.  Innovation is 
important, but sometimes it is just as important to remember 
why we reached the point we are at today.  Getting that balance 
right will be the key to improving the performance of the 
railways on which we work. 
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AUDIO-FREQUENCY TRACK CIRCUITS 

SUMMARY 
Audio frequency track circuits are used extensively in railway 
signalling to detect the presence or absence of rail traffic.  When 
track circuits fail they will indicate a section being occupied as part of 
their fail-safe design.  This typically results in rail traffic being stopped 
and/or delayed. 

The scope of this investigation is to gain a more thorough 
understanding of the design, specifications, operation and behaviour 
of these track circuits.  An experimental approach has been used to 
relate theory with field measurements.   

Frequency sweeps provide a new perspective to examine tuning 
and may prove to be an invaluable tool in diagnostics.  A thermal 
testing program is identifying frequency drift in analogue transmitter 
and receiver units.  The rail current meter is enhanced to allow 
simpler fault finding and an intermittent transmitter detector is 
developed. 

The data and results of this investigation have identified reliability 
improvements that are expected to reduce the number of repeat 
failures and to better aid in the diagnosis of intermittent faults 

INTRODUCTION 
RailCorp has a population of over 7000 track circuits within its rail 
network.  Forming the largest sub-group of these are the main line, 
jointless, audio frequency type.  There are over 4000 audio frequency 
track circuits currently in service.  Of these, three types are used: 
CSEE UM71, Westinghouse FS2500 and Bombardier TI21. 

This investigation was undertaken as a learning exercise while the 
author was a graduate engineer undertaking work experience within 
Signals Maintenance Group. 

Some of the reasons audio frequency track circuits were 
investigated are: 

 Track circuits are consistently one of the top signalling failure 
categories; 

 There is not a lot of published material available on audio 
frequency track circuits – most knowledge is passed down by 
word of mouth; 

 Intermittent failures are common and difficult to diagnose with 
certainty; 

 Maintenance and fault finding primarily focuses on time domain 
measurements – voltages and currents. 

It is assumed the reader has a basic understanding of audio frequency 
track circuit function and its components. 

PRINCIPLES OF OPERATION 
Before looking at reliability it is important to understand 
the underlying operating principles of the system in 
question.  

These track circuits are Frequency Modulated (FM).  
Two sideband frequencies are generated around a nominal 
carrier frequency.  Transmitters continuously switch 
between these two sidebands.  This is a digital 
communications scheme known as Frequency Shift Keying 
(FSK).  The rate at which the frequency is switched is the 
modulation frequency or rate. 

Analogue receivers detect the shift in frequency as 
validation that the correct signal is being received.  Digital 
receivers typically employ a Discrete Fourier Transform 
(DFT) and measure the presence of the correct harmonics 
created by a FSK signal. 

The main parameters of this signal are: 

 Upper Sideband (USB); 

 Lower Sideband (LSB); 

 Modulation Rate. 
It is important to note that the centre frequency is not 
actually generated by the transmitter.  The centre 
frequency is the average of the two sidebands.  
Multimeters will count over time and average the value.   

Tuning Units 

These are relatively simple components when considered in 
isolation.  The tuning unit typically contains a series LC 
network and may also have integrated impedance/line 
matching transformers. 

Audio Frequency Track Circuit Reliability Investigation 
By Alexander Walsh, BEng (Computer)  
RailCorp of New South Wales, Infrastructure Maintenance Division   

Notation 
FM Frequency Modulation 

ESJ Electrical Separation Joint 

FSK Frequency Shift Keying 

TU Tuning Unit 

DFT Discrete Fourier Transform 

 

DAC Digital to Analogue Converter 

USB Upper Sideband 

ADC Analogue to Digital Converter 

LSB Lower Sideband 

LCD Liquid Crystal Display 

 

L Inductor 

C Capacitor 

ESR Equivalent Series Resistance 

EEPROM Electrically Erasable 
Programmable Read Only Memory 

Figure 1 – Frequency Shift Keying  



NOT FOR RE-PRINTING
©

 IRSE NEWS  |  ISSUE 185  |  JANUARY 2013  11 

There are two types of tuning unit (Figure 3).  The first 
consists of a series LC network.  At series resonance the tuning 
unit will provide a relatively low impedance at the resonant 
frequency.  This tuning unit is used for the lower frequencies of 
1700 Hz and 2000 Hz. 

The second type has an additional parallel capacitor which 
results in a sharper cut-off characteristic and is used for the 
higher frequencies – 2300 Hz and 2600 Hz.  The LC resonance 
formula in Figure 2 does not apply to the second tuning unit.  

 
 
 

Tuned Loops 

The Tuned Loop or the Electrical Separation Joint (ESJ) forms 
the boundary of the audio frequency track circuit. 

An important feature is that a tuning unit does not work in 
isolation.  It is designed to use the impedance of the rails and 
connecting cables to form its final characteristic.  This means 
that the electrical characteristics of the rail and cables can 
influence the tuned loop performance. 

The electrical model in Figure 4 is not complete as it does 
not take into account the impedance of the connecting cables.  
It does however serve to illustrate that there are several factors 
that will influence tuned loop characteristics. 

The frequency response plot shown in Figure 5 while slightly 
off tune can be used to illustrate how the tuned loop will 
perform.   

At 1700 Hz the circuit is presenting low impedance.  This will 
provide the effective short circuit to form the end of a 1700 Hz 
track circuit.  However, the pass band is quite narrow. 

At 2300 Hz the circuit presents relatively high impedance. 

TEST EQUIPMENT 
As part of the investigation it was important to identify the kind 
of test equipment that is currently used and particularly the 
limitations of that equipment.  Typical tools include: a frequency 
selective voltmeter, general purpose electronics multimeter and 
a current probe (Hall Effect or current transformer type).   

As these are effectively time domain measurements it is 
worth examining the frequency domain and the measurements 
and insight it may be able to provide. 

Signal Generation and Measurement 

A goal of the investigation was to find a test setup that could 
generate and analyse the signals of audio frequency track 
circuits. 

A breakthrough came when it was realised that a computer’s 
soundcard consists of a Digital to Analogue Converter (DAC) 
and an Analogue to Digital Converter (ADC) that works in the 
audio frequency range. 

There are numerous programs that can be found on the 

internet that can generate and analyse signals.  Many of these 
were made by radio enthusiasts.  Initial measurements found 
that the sound card has a relatively flat frequency response in 
the range of 1 kHz to 3 kHz.  Pure sine waves were generated 
with the output measured by a calibrated oscilloscope and were 
found to match very closely.  This can be attributed to the 
relatively stable crystal oscillators used in the soundcard. 

Frequency Selective Voltmeter 

The first tests were performed on a frequency selective 
voltmeter.  A laptop soundcard generated a pure sine wave.  
Measurements were taken every 5 Hz and compared with a 
calibrated multimeter. 

LC
f

2
1

Resonance
Figure 2 – LC Resonance Formula  

Figure 3 –   
Two types of 
Tuning Unit 

Figure 4 –  Simple electrical model of a tuned loop  

Figure 5 –  Simulated frequency response of the model in Figure 4.  The solid trace 
is the current gain of the voltage source; the dotted line is the phase angle.   
The current gain is proportional to conductance (inverse of impedance) 

Figure 6 –   
This kit consists of a buffer 
amplifier which allows 
high impedance 
measurements to be 
made with a computer 
soundcard  

 

 

Figure 7 –   
Frequency 
selective meter 
bench testing  
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AUDIO-FREQUENCY TRACK CIRCUITS 
The results (Figure 8) provide insight into the performance of 

the frequency selective voltmeter.  In this case there is an unusual 
kink within the passband.  This could indicate an error in the 
original calibration of the frequency selective meter or a drift 
over time.  The unit was due for calibration at the time. 

Rail Current Measurements 

At the time of writing the only rail current meter available to 
maintainers was one that was developed in house specifically for 
50 Hz track circuits.  It consists of two pickup coils with a small 
instrumentation circuit and a moving coil meter.  It is an invaluable 
tool when diagnosing faults with 50 Hz a.c. and impulse track 
circuits.  However due to the higher operating frequencies it 
does not perform well with audio frequency track circuits. 

The rail current meter was analysed to determine if it could 
be used to measure audio frequency track circuits.  The 
soundcard was used to determine the frequency response of the 
coils connected with a series burden resistance.  In order to 
measure this, a test rig was assembled using a short length of 
60 kg/m rail.  A 15 W power amplifier was utilised to generate a 
test rail current of about 1A. 

Several frequency sweeps were performed at different current 
levels.  The results showed there was attenuation in the audio 
frequency track circuit band.  It was however not particularly steep.  
It was subsequently discovered that the instrumentation circuit 
was limiting the frequency response of the rail current meter. 

The instrumentation circuit was replaced with a dual stage  
op-amp kit.  The test rig was then used to set the output of the 
amplifier to 100 mV/A at 2300 Hz.  Test sockets were installed to 
allow connection to an external multimeter. 

Field testing found that measurements were comparable to 
other calibrated tools like a Rogowski coil.  It was still able to 
measure 50 Hz a.c. and impulse track circuits with a normal 
multimeter connected.   

A great advantage of this modification is that it can be used 
in conjunction with a frequency selective meter to analyse 
currents around the tuned loop.  Work is now underway to 
develop an upgrade kit.  

Frequency Selective Voltmeter
Frequency Response - All Ranges 
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Figure 8 – Frequency response plot of a frequency selective multimeter.   
A 1VRMS signal is generated and measurements manually made at each frequency step 

Figure 9 – Rail current test layout  

 

Figure 10 – Test Rail Setup  
Analysis of  Frequency Response 
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Figure 11 – Uncompensated frequency response of the rail current meter pickup coils.  

Inductance in the test setup was the dominant factor and highlighted the 
need to normalise the results  

Figure 12 – Modified rail current meter used with frequency selective meter  

Figure 13 – Comparing rail current measurement methods   



NOT FOR RE-PRINTING
©

 IRSE NEWS  |  ISSUE 185  |  JANUARY 2013  13 

TUNING DIAGNOSTICS 
Some of these new test methods were applied to failure follow- 
up testing.  An approach was taken to try and eliminate as many 
causes as possible. 

Leaky Tuned Loops 

The modified rail current meter was used in conjunction with a 
frequency selective meter to analyse tuned loop currents.  This 
has proved to be a very useful tool in identifying degraded 
tuning units. 

Figure 14 illustrates how a rail current meter can be used for 
tuning unit diagnostics.  In this case the rail current from 44.3B at 
2300 Hz is flowing into 44.3C track.  A short circuit can be placed 
across the track to determine the direction of the current 
leakage.  This indicated the tuning unit for 44.3C track is faulty 
and a likely cause of a previous failure.   

Tuning Unit Measurement 

Bench testing of tuning units in isolation was undertaken to 
examine the possibility of more detailed failure follow ups. 

The results confirm the theory that the connecting cables and 
rail impedance are required to form the final characteristic.  It can 
also be seen that the tuning units with the additional parallel 
capacitor have a steeper cut-off (2300 Hz & 2600 Hz).  There 
could be benefit in further bench testing and comparing against 
the profile of new tuning units. 

Tuned Loop Measurement 

The next logical step was to use the test rig to measure the total 
system response.  There was an opportunity to do this during a 
total closedown weekend.  The transmitter was disconnected 
from the outgoing cable and output of the test amplifier was 
connected. 

In Figure 18 some interference can be observed from an 
adjacent transmitter.  There was also an effect from a traction  
tie-in impedance bond in the track circuit. 

Tuning Unit Cables 

While testing another track circuit it was found that the cables 
from the tuning unit to the track were not tied together and 
were free to move apart.  A frequency sweep was performed 
with the cables in situ and then again after they were cable tied 
together. 

The results in Figure 19 show that there was an upward shift 
in the resonant point from 2572 Hz to 2615 Hz after the cables 
were tied together.  Subsequently the adjacent track circuit 
required readjustment. 

When the cables are separated additional inductance is 
introduced into the tuned loop.  This appears to cause a 
downward shift of the resonant frequency.  In this particular case 

Figure 15 – Expected current 
flow within a tuned loop  
(Blue: 1700Hz, Orange: 2300Hz) 

 

Tuning Unit Bench Test Frequency Sweep Comparison
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Figure 16 – Tuning unit frequency response vs. conductance (current flow)  

 

Figure 14 – Track insulation plan marked up to show measured rail currents.  
(Blue=1700Hz, Orange=2300Hz)  

Figure 17 – Field measurement of frequency response  
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Figure 18 – Frequency sweep showing low impedance at 2300Hz  
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AUDIO-FREQUENCY TRACK CIRCUITS 
it has had a minor impact on tuning characteristics, but had a 
greater affect on the adjacent track circuit. 

Further experimentation performed at another location found 
that just by separating the cables the receiver input level 
dropped by 40% - a relatively large amount, almost enough to 
cause the receiver to fail. 

There will be a greater impact to 1700 Hz and 2000 Hz track 
circuits.  This is due to the steeper cut-off characteristic of the 
2300 Hz and 2600 Hz tuning units, as they provide the low 
impedance path for the adjacent frequency. 

Allowing the cables to be separated could lead to significant 
change of the tuned loop characteristic.  Hence it is imperative 
for consistent and reliable operation that these cables should be 
kept together.  It also raises the question of how aluminium cables 
compare with copper and how this might affect the tuned loop. 

Tracks with Traction Tie-in Impedance Bonds 

When performing a frequency sweep on a track circuit with a 
traction tie-in bond (mid track) a different response was 
observed.  91.3D track circuit is located within the Ten Tunnels at 
Zig Zag NSW and the track bed is formed with concrete slab. 

The first observation is that there is a sharp cut-off 
characteristic at 1700 Hz.  This was of some concern as the 
transmitter is working in this region.   

It can be seen from Figure 22 that there is a difference in the 
sideband amplitudes of approximately 2 dB.  In theory the 
transmitter should be operating in an area of low impedance.  
Some insight into this problem is gained in the next section. 

RESONATED IMPEDANCE BONDS 

Basic performance 

Electrically an impedance bond is no more than a large and 
heavy inductor designed to carry traction return currents (d.c.) 
and block higher frequency signals. 

Measurements were made of the impedance bond 
inductance using a LCR meter.  Figure 23 shows the simulated 
frequency response for an impedance bond that has an 
inductance of 30 µH. 

Figure 24 illustrates a real response of an adjustable 
impedance bond that has all resonating capacitors disconnected.  
The test amplifier has poor frequency response below 200 Hz 
and should not be considered in the plot.  The attenuation is not 
as high compared to the simulation.  There is also a point (about 
3300 Hz) where the amplitude starts rising again.  This is likely 
caused by stray or parasitic capacitance within the impedance 
bond. 

 

91.8C 2596Hz Tx Frequency Sweep
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Figure 19 – Before and after the tuning unit cables were tied together  

Figure 20 – With the cables in this position there was a 40% reduction in receiver input  

91.3D 1699Hz Tx Frequency Sweep
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Figure 21 – A different conductance characteristic is measured of at track circuit with 
a mid track tie-in impedance bond  
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Figure 22 – Zoomed view with transmitter sidebands shown (1682Hz and 1716Hz)  
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Resonating 

An impedance bond is resonated by placing a capacitor in 
parallel.  Some impedance bonds have a secondary winding that 
the capacitors are connected to.  This achieves the same effect 
while using smaller capacitor values.  This forms a parallel LC 
network.   

A parallel LC network has low impedance except around its 
resonant point where it is at maximum impedance.  The equation 
for the resonant frequency is the same as in Figure 2. 

To further explore this relationship an adjustable impedance 
bond was tested with a range of different capacitor settings. 

As more resonating capacitance is added, the lower the 
resonant frequency of the bond.  It becomes apparent that an 
ideal operating point for a traction tie-in bond would be to 
resonate it at the track circuit frequency where it will have 
highest impedance.   

When examining impedance bonds that use fixed capacitors 
the resonant points are very close to the track circuit frequency.  
The result is that the tie-in bond has very little loading effect at 
the audio track circuit frequency. 

TRANSMITTER AND RECEIVER 
TEMPERATURE TESTING 
In conjunction with the Six Sigma division an investigation was 
initiated into the reliability of a group of audio frequency track 
circuits.  Failure record analysis found a high incidence of 
component defects within the group.   

A large sample of transmitters and receiver units were bench 
tested.  Testing was focused on frequency characteristics and did 
include voltage and current measurements.  Most of the tested 
units had been removed as failed or suspected as contributing to 
a failure.  Bench testing failed to find any trends or indicators for 
failure. 

Information from the repair workshop and the field indicated 
temperature as a potential cause of failure.  There was enough 
anecdotal evidence from the field to examine this further. 

Thermal Testing 

An incubator was set up to perform thermal testing.  A test 
group of four transmitters and four receivers were able to fit 
inside the chamber with all other equipment located external to 
the chamber.  Transmitters and receivers were operated in 
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Figure 23 – Ideal frequency response of un-resonated impedance bond conductance.  
It presents low impedance at DC and increases with frequency  

Figure 24 – Measured frequency response of a non-resonated impedance bond.  
Audio track circuit frequencies have been marked for reference  

Figure 25 – Electrical simulation of impedance bond using measured component values  

Figure 26 – Simulation of resonated impedance bond in Figure 25.   
Conductance vs. frequency (dotted line is phase angle)  
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Figure 27 – The effect of increasing the resonating capacitance.   
Conductance vs. frequency 
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AUDIO-FREQUENCY TRACK CIRCUITS 
isolation.  A dummy load was constructed for the transmitters 
using power resistors to reflect the load of a real track circuit.  
Receivers were tested using a small amplifier in conjunction with 
a laptop based signal generator. 

Units were tested initially at room temperature.  They were then 
cooled to 0oC and left for an hour to stabilise before tests were 
performed.  This was repeated every 10oC until the maximum 
manufacturer rating of 70oC was reached.  As the tests took 
longer than expected the 60oC test was skipped.  At the end of 
temperature testing the units were allowed time to cool and 
were retested at ambient. 

Where specifications were not available the bench testing 
data was used to determine tolerances based on averages, 
minimum and maximum values. 

Test result summary: 
 12 transmitters and 12 receivers tested; 

 All units passed bench testing prior to thermal testing; 

 Two transmitters failed in the first test at ambient 
temperature.  The modulation oscillator frequency was 
excessively high.  It was later found an aged capacitor 
caused this failure mode; 

 One transmitter consistently failed short circuit at 68oC 
(maximum rating 70oC).  Further investigation found a dry 
solder joint was the likely cause; 

 Two receivers failed once heated above 50oC.  Once cooled 
down both worked again.  Operation of the track relay was 
intermittent for several seconds prior to failure; 

 Three transmitters had large amounts of frequency drift.  
Based on the bench test results it was sufficient to cause a 
receiver to fail; 

 Some transmitters had permanent shifts of their output 
frequencies after the heating cycle.  They were retested a 
second time and found that output frequencies again shifted 
to a different result. 

Enough was learned from this test to show that temperature is a 
major influence on the frequency stability of analogue 
transmitters and receivers. 

Thermal Testing Rig 

The temporary test setup was rebuilt to make a permanent test 
rig.  A technician was trained and the test process developed.  
Based on the data collected the number of test points was 
reduced to decrease the testing time while still providing 
enough information on frequency drift.  Currently the spare parts 
pool is being tested in preparation for the summer season.  To 
date over 200 transmitters and receivers have been tested. 

Approximately 50% of tested units are failing in the test rig.  The 
vast majority are suffering from frequency drift at temperature 
and present a risk of intermittent failure during warmer months.  
This reflects the Six Sigma analysis indicating higher failure rates 
are experienced during summer months.   

The test rig data is regularly reviewed.  Experience has shown 
that care needs to be taken to ensure the test rig itself does not 
introduce failure modes.  For example poor contacts and 
connectors becoming worn out are common problems. 

Figure 28 – Transmitters and Receivers within the incubator chamber  

Receiver Lower and Upper Sideband Bandwidth vs. Temperature
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Figure 29 – Receiver temperature test result.  Arrows indicate the span of the 
bandwidth.  Red lines indicate the working range of the transmitter based on 
manufacturer specifications.  In this case there is significant drift in the bandwidth for 
the upper sideband (Green) 

Figure 30 – Thermal test rig panel.  The incubator is positioned behind the test panel  
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INTERMITTENT TRANSMITTERS 
In 2011 a failure mode was identified in some transmitters.  The 
output would momentarily turn off or drop out.  The duration 
was in the order of several milliseconds.  Below is a summary of 
what was discovered: 

 A functional failure occurs only when two or more dropouts 
are close together; 

 Dropouts do not occur in isolation but will continue to occur 
in groups for several minutes or more at a time; 

 Dropouts can be weeks apart; 

 Functional failures can be months apart; 

 The fault could not be isolated to a particular component 
but does occur in transmitters that are approximately twenty 
years old or more. 

From a maintainer’s perspective this is a very difficult failure 
mode to manage.   

A project was started to look at the possibility of making a 
low cost, microcontroller based device that could help identify 
intermittent transmitters. 

The Transmitter Trap 

Features of the Transmitter Trap: 

 It is microcontroller based; 

 It monitors transmitter current with a current transformer 
(isolated); 

 It counts short dropout events to a minimum of three 
milliseconds; 

 It provides an external trigger for data logging; 

 Counts are stored in EEPROM; 

 It runs from 9-24 V d.c. 
So far only a small handful of transmitters have been found with 
this problem.  It appears to be a relatively rare failure mode, 
although testing is still ongoing.  This project was also an 
opportunity to learn about microcontroller interfacing and the 
potential for creating future special purpose logging systems. 

Transmitter Low/ Upper Frequency Temperature Testing
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Figure 31 – Extract of transmitter test result.  The two pairs of straight lines indicate 
the frequency limits of the transmitter.  In this case both upper and lower frequencies 
of the transmitter are outside the limits at 50oC and above  

Figure 32 – Extract of receiver test result showing fewer test points.    
The bandwidth for both sidebands is drifting upwards  
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Figure 33 – Transmitter output voltage waveform showing the output dropping out 
for seven milliseconds  

Figure 34 – Transmitter output voltage waveform showing two consecutive dropouts 
that would cause the track relay to drop and pick again  

Figure 35 – Completed Transmitter Traps  

Figure 36 –  
The Transmitter Trap 
successfully identifies an 
intermittent transmitter 
 
Red Trace – transmitter 
output voltage 
 
Blue Trace – current 
transformer output 
 
Green/Yellow – Transmitter 
Trap diagnostic waveforms 



NOT FOR RE-PRINTING

©

 IRSE NEWS  |  ISSUE 185  |  JANUARY 2013  18 

AUDIO-FREQUENCY TRACK CIRCUITS 

 

CAPACITOR FAILURES 
Capacitors are known for being a common cause of failure in almost 
any type of electronic circuit and track circuits are no exception.   

Being aware of capacitor failure and the related symptoms is 
a valuable aid in track circuit testing.  The same approach can 
apply to any kind of electronic signalling equipment. 

Electrolytic Capacitors 

Electrolytic capacitors have a limited oper-
ational life which is largely dependent on 
the amount of ripple current flowing 
through it and the operating temperature. 

They often fail when the electrolyte 
within the capacitors dries out.  This 
usually results in intermittent operation 
before outright failure.  They also become 
very sensitive to temperature – typically 
the cold and often improve as the 
capacitor warms up. 

A normal multimeter uses a small d.c. current to measure 
capacitance and cannot reveal this type of degradation. 

A common visual symptom is leaking or bulging.  Often a 
deteriorating trend can be observed, for example an increasing 
ripple voltage on a power supply. 

Equivalent Series Resistance 

Equivalent Series Resistance (ESR) is a measure that can 
be used to indicate capacitor degradation.  There are 
several methods to measure this.  One way is to use a LCR 
(Inductance-Capacitance-Resistance) meter.  Specific ESR values 
do vary depending on the capacitor type and frequency of the 
test signal, but in general are much less than 1 Ω.. 

Figure 39 shows the measurement of a matching unit 
capacitor using the LCR meter.  It caused a failure on a cold June 
morning.   

A reading of 8.1Ω  indicates a defective 
capacitor.  A new matching unit capacitor 
was found to have a reading of 0.06Ω.   

This particular matching unit was 
manufactured in 1986.  The conclusion can 
be drawn that the capacitors are life 
expired.  This data can contribute to 
determining maintenance plans like 
scheduled replacement. 

 
 

Polycarbonate Capacitors 

Polycarbonate capacitors are used 
for their long life and good 
temperature stability.  They have 
been used extensively in military 
and railway applications. 

In the Intermittent Transmitters 
section above, it was found some 
transmitters failed due to life 
expired capacitors.  These were the polycarbonate type shown in 
Figure 40.   

The transmitters in which these capacitors failed had an 
estimated manufacture date in the late 1980s or early 1990s.  
This experience serves to illustrate that even high quality, long 
life, military grade capacitors will eventually reach the end of 
their life. 

CONCLUSION 
The principle operation of the track circuit has not changed in 
140 years.  However the underlying technology to achieve it has.  
This investigation has helped to establish an understanding and 
appreciation for some of the more complex aspects of the 
design and operation of audio frequency track circuits. 

Main learning outcomes: 

 Take a mixed approach – learn about principles and theory 
through experimentation.  Theory does not always take into 
account everything in practice; 

 Find new performance measures – look at old equipment 
with new tools; 

 Investigate failed equipment – in order to prevent the same 
failure mode happening again; 

 Test against specifications, not just function.  If specifications 
are not available use statistics to establish trends; 

 Thermal testing of analogue transmitters and receivers are 
expected to bring about a significant reliability benefit; 

 Intermittent operation has many potential causes.  Some of 
them are difficult to diagnose without specialised tools. 

The results of this investigation drive further testing and 
research.  The ultimate aim is to improve reliability so it is 
important to translate what is learnt into better ways of working, 
like new tools and fault finding methods.   
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Figure 37 –  
Bulging and leaking 
electrolytic capacitors in a 
track circuit power supply  

Figure 38 –  
ESR Model  

 

Figure 39 – Measuring 
the ESR of capacitors in a 
track circuit matching unit  

Figure 40 – Military grade 
polycarbonate capacitor 
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Crossrail has awarded the signalling system contract for the 
railway’s central section to a consortium comprising Siemens PLC 
and Invensys Rail Limited.  The contract covers the design, 
manufacture, supply, installation, testing and commissioning of a 
train control system for Crossrail’s central section.   

Andrew Wolstenholme, Crossrail’s Chief Executive said 
“Crossrail will operate up to 24 trains per hour during the peak 
between Whitechapel and Paddington.  The new signalling 
system will incorporate Automatic Train Operation to support the 
delivery of a high-frequency metro service and will also be 
capable of enhancement to 30 trains per hour through the 
central section at a later date”. 

The contract also includes commitments to provide 
apprenticeships and job opportunities for Londoners.  Siemens 
will be required to create around 20 apprenticeships and new job 
start roles for individuals who are long-term unemployed or out 
of education or training for six months or more during the life of 
their contract.   

Crossrail will be adopting a Communications Based Train 
Control signalling system as it is technically and operationally 
proven and is successfully used by many metro systems around 
the world.  The value of C620 contract is in the region of £50m.  
On 21 September 2011, Crossrail confirmed the shortlist for the 
C620 Signalling System contract.  The following organisations 
were subsequently invited to submit bids: 

 Bombardier Transportation UK Limited; 
 Invensys Rail Limited;  

 Siemens PLC;  

 Signalling Solutions Limited;  

 Thales Transportation and Solutions Limited.   
Bombardier Transportation UK Limited withdrew from the 
shortlist in March 2012 and did not submit a bid.  Having 
prequalified for the C620 contract as separate entities in 
September 2011, Invensys Rail Limited and Siemens PLC 
submitted a combined bid which was a permissible approach 
under the procurement rules for all bidders.   

The new signalling system will be installed along the Crossrail 
route between Portobello Junction (west of Paddington) on the 
Great Western Main Line, Pudding Mill Lane Junction on the 
Great Eastern Main Line in the east and Abbey Wood in the 
south-east.  Crossrail’s services will operate in Automatic Train 
Operation (ATO) mode with Automatic Train Protection (ATP) in 
the central operating section from Portobello Junction to 
Pudding Mill Lane / Abbey Wood. 

Due to the integration of Crossrail’s central section with the 
existing National Rail network, Crossrail services will need to 
operate with existing signalling and safety systems installed at 
either end of the Crossrail tunnels.   

The successful contractor will work closely with the future 
rolling stock provider to deliver compatible on-board equipment.  
In accordance with normal practice, the rolling stock will also be 
capable of operating with the European standard ETCS Level 2 
signalling system and with the principal legacy signalling systems 
found on UK rail infrastructure. 

Crossrail awards Signalling System 
Contract 

As Crossrail’s central section is subject to the Railways 
(Interoperability) Regulations 2006, Crossrail sought non-
application of the Technical Specification for Interoperability 
(TSI).  This was conditionally granted with a Commission 
Implementing Decision in January 2012 followed by a UK 
decision the following month.  Provision has been made to plan 
for the migration from the CBTC system (that will be installed) to 
the ERTMS system to enable ETCS level 3 to operate. 

Rail Control and Electrification for 
Mexico City’s new Metro Line 12  

Perth Signalling Contract Won  

Alstom has successfully completed the turnkey design, 
installation and commissioning of the complete electrification 
and rail control systems for Mexico City’s new metro line 12.  
These systems include the Computer Based Train Control (CBTC) 
automatic train control, signalling, centralised control, passenger 
information, telecommunications, power distribution and 
catenary.  The new line was inaugurated on Tuesday 30 October.  

Metro Line 12 is 25 km long and serves 20 stations.  Expected to 
carry up to 450 000 passengers per day, this line becomes one of 
the most important ones of the country.  To optimise the line’s 
efficiency in total safety, Alstom has installed its state-of-the-art 
radio based URBALIS™ CBTC.  URBALIS enables automatic train 
operation and allows trains to run at shorter intervals in complete 
safety.  This is the first CBTC system to be commissioned in 
Mexico and the twenty-fifth Urbalis equipped metro line to be 
put in service worldwide since its launch in 2003 with the trend-
starting driverless Singapore North-East Line. 

The Line 12 project was executed by Alstom and its Mexican 
partners ICA and Carso since 2008.  Alstom, which has a strong 
historical presence in Mexico, was involved in building the city’s 
first underground rail network in 1967.   

Ansaldo STS (STS.MI), a Finmeccanica Company, through its sub-
sidiary Ansaldo STS Australia, has been awarded a new EUR 14.7 m 
(A$ 17.9 million) contract from Western Australia’s Public Trans-
port Authority (PTA) to provide the signalling system for a 7.5 km 
extension to Perth’s metropolitan railway line. 

Ansaldo STS will design and deliver the signalling for the new 
extension which will include the deployment of its key MicroLok® 
interlocking technology from Clarkson Station (currently Perth’s 
most northerly railway station) to Butler.  Ansaldo STS’ Automatic 
Train Protection technology will also be installed.  The project 
will take approximately two years to complete. 

The extension of the railway line to the northern suburb of 
Butler, 41 km from Perth's central business district will service 
more than 2000 additional passengers who are expected to 
travel from the new station at Butler daily.   

INDUSTRY NEWS 
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IRSE MATTERS 

Despite a late start, the 2012 session of the Southern African has 
been highly successful.  This was greatly helped by the introduction 
of high quality tele-conferencing, enabling members in Durban and 
Cape Town to participate in meetings with colleagues in Johannesburg.  
This facility was provided by courtesy of Gibb.  We were therefore 
able to include in our Technical Meetings about six or seven 
members from Durban and up to eleven in the Cape area. 

TECHNICAL MEETINGS AND VISITS 
Six Technical Meetings have been held, based in the Johannesburg 
offices of Gibb over the period from May to October.  The first 
meeting took the form of a discussion on the subject of “Centralised 
versus De-centralised Interlockings”, introduced by Johannes Jooste 
and Berend Ostendorf who made the case for centralisation and de-
centralisation respectively.  No absolute conclusion was reached, but 
it did provoke an interesting debate on the respective merits of the 
two approaches. 

The second meeting was presented by Berend Ostendorf of Hatch, 
when he considered the problems of yard signalling at inland mines, 
and possible solutions, where typically trains of over three hundred 
wagons have to be marshalled for filling and dispatch to ports. 

Duncan Head of Siemens presented the third paper in which he 
explained the thinking and planning for the “De-centralised Element 
Control System” for the overlay interlocking at Nasrec (a suburb of 
Johannesburg) for the Football World Cup held in 2010. 

The fourth paper was presented by Herman Joubert of Actom.  
The paper covered the interesting challenges involved in applying a 
standard ACTOM Signalling GPRS communication product to the 
Metro Wits Telecontrol system, replacing the aging cable network.  
The system can be operated either as a primary communication 
medium, or as a backup system from the office to the outstations. 

The Annual Technical visit was to the Transnet Freight Rail 
National Command Centre in Parktown, Johannesburg.  This was 
followed by a visit to Sentrarand to view the new video screen 
control desks in the control tower and a brief visit to the CTC office.  
The day concluded with an afternoon braai (google it!) at Sentrarand. 

Piet van den Bergh of Transnet Freight Rail presented the 
fifth paper, titled “CS90 VDU Based Train Control”.  The 
CS90 traffic control system consists of a family of Windows 
based applications and micro-processor based electronic 
printed circuit boards, designed to work together in a variety 
of configurations.  It was first developed in the early part of 
the 1990s for training operators at the School of Rail.  After 
realising that the product had vast potential, it was decided to 
develop the technology further for real operational purpose.  
Even today, CS90 is a constantly evolving product range, 
meeting a range of different requirements and making use of 
the ever changing global trends in technology.  The CS90 was 
designed to be cost effective, modular and versatile, while 
still being easy to maintain, and it still retains this philosophy. 

VISIT BY THE PRESIDENT 
During the autumn the Southern African Section was pleased 
to welcome the President Mr. Francis How and his wife 
Pauline on their first ever visit to the African Continent.  They 
arrived to a warm and sunny Cape Town on Friday 26 
October 2012, where they were met by Louis Beukes, of 
PRASA, the Passenger Rail Authority of South Africa.  During 
their visit to the area, they visited the Control Centre for Cape 
suburban traffic at Windermere, installed over the period 
1985 to 1990.  This area is due for complete resignalling over 
the next five years.  There was also an opportunity to meet 
some of the members resident in the Cape area.  The 
President and his wife were also shown the beauties of the 
Cape area by Louis and his wife Christa, including Cape Point, 
Table Mountain and the Winelands. 

Francis and Pauline subsequently flew late on Sunday 
night to Johannesburg and were met by Harry Ostrofsky and 
Bob Woodhead for the next stage of their visit.  On Monday 
afternoon, Francis was hosted by Transnet Freight Rail where 
he discussed the present state of the freight railways with 
Graham Paverd, the Chief Engineer of Transnet Freight Rail, 

SOUTHERN AFRICAN SECTION 2012 SESSION 
Report by Bob Woodhead 

OUR INSTITUTION IS 100 (OFFICIALLY) 
The Institution celebrated its 100th birthday on 3 December 2012.  It was originally incorporated by 
Companies House in London as a Company Limited by Guarantee on 3 December 1912.   

We have just received the equivalent of a 100th Birthday Card in the form of a Certificate from 
Companies House to mark our anniversary.  The first general meeting of the Institution took place 
on 31 December 1912, and the first meeting of its governing body, the Council, took place on  
3 February 1913, with the first technical meeting being held in Birmingham on 25 February 1913.   

Details of the 100th Anniversary Seminar "100 Years of Facing the Future" to be held in 
Birmingham on Monday 25 February 2013 were circulated with the December IRSE NEWS and are 
available on the website.  
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was spent visiting Technical and interesting sites.  There were 118 
members and 29 non-members attending the Technical Meeting 
which was held in the NSW Teacher’s Federation Conference Hall 
(close to Sydney Central Station) which also was the venue for our 
Sponsor’s Trade Strands and exhibitions.  The Meeting was chaired 
by Robert Baird, the Australasian Chairman who welcomed the 
delegates to the meeting and introduced the Speakers. 
 

INTRODUCTION 
The third and final technical meeting of 2012 was held in 
Sydney, New South Wales on 12 and 13 October, with the 
theme being “Keeping Trains Moving and Engineering 
Reliability”.  The meeting again followed the well 
established format of Technical Papers on the Friday, 
followed by a formal dinner in the evening.  The Saturday 

AUSTRALASIAN SECTION  Report by Tony Howker 

Photos by Peter McGregor and Tony Howker 

Spring Technical Meeting – Sydney October 2012:  “Keeping Trains Moving – Engineering Reliability” 

technology, the need to focus on reliability as well as safety, and 
the importance of encouraging, supporting and educating the 
next generation of engineers.  He concluded with a vision of the 
role that the IRSE can play in this future. 

On Thursday Ben and Isabel van der Merwe, together with 
Harry and Dinky Ostrofsky took Francis and Pauline on a visit to 
the recently completed Gautrain, a standard gauge high speed 
line connecting Pretoria and the Airport to Johannesburg, which 
included a tour of the rolling stock depot. 

Since the formation of the Section, we have always held an 
Annual Dinner.  However, for 2012 it was considered by the 
committee that, due to current economic considerations that 
attendance at a dinner would be less than satisfactory and that a 
Cocktail Party would better serve the members and their 
partners.  Thus on the day following the AGM, we held our First 
Annual Cocktail Party at Steffanies in Harrowdene, Johannesburg.  
The President and his wife were in attendance.  This proved to 
be highly successful, with over sixty members and guests taking 
part, with awards being made for the best papers presented at 
the Section’s technical meetings during the year. 

Following the tradition of the Southern African Section, and 
at the conclusion of his Presidential duties, Francis and Pauline 
were taken to the Kruger National Park by Ben and Isabel Van 
der Merwe, Bob and Sandra Woodhead, and Rod and Kim 
Kohler.  They spent three nights at Letaba Camp.   

My report concludes with Francis’ observations on his visit: 
“From a rail industry point of view, it really does seem that after 
years of stagnation in the renewal and upgrading of signalling 
and communications systems, both the passenger and freight 
operators (PRASA and Transnet) stand on the brink of a number 
of major programmes of work.  These will be challenging to 
accomplish, but will make a considerable difference to rail 
operations on the networks when completed.  An unfortunate 
by-product of that earlier period of inactivity is that the country 
now has an acute shortage of S&T engineers (and younger 
engineers in particular), both to undertake the design and 
delivery of the projects now starting, and also to maintain the 
new systems subsequently.  So I am left asking myself the 
question ‘what can the IRSE do to help?’ 

South Africa was an unforgettably wonderful and unique 
experience for us, in terms of all that we saw, in the Cape area 
(Table Mountain is spectacular), Johannesburg and the Kruger 
National Park (even getting up at four in the morning to go 
animal watching!); and also in terms of the warmth and hospitality 
of the many people who were our hosts and who befriended us 
on our many visits and at events.  Some of you have been 
mentioned in Bob’s report, and there are others as well – too 
numerous to mention, but you know who you are!  Thank you.” 

and explored the technology opportunities that are being planned in 
order to modernise the operation and management of South 
Africa’s vast freight network.  Whilst Francis was with Graham and his 
colleagues, Pauline as taken by Charlotte Gould on a guided tour of 
Soweto, the township near Johannesburg.  In the evening, our 
chairman entertained Francis and Pauline at dinner at the Fahrenheit 
Restaurant in Edenvale.  Joining them were Graham and Kathy 
Paverd, our Country Vice President, together with Ryan and Charlotte 
Gould, Harry and Dinky Ostrofsky and Bob and Sandra Woodhead. 

Tuesday morning saw the President visiting Siemens where he 
was welcomed by Dirk Kruger and colleagues, and discussed the 
company’s involvement in the current contracts and the role of the 
IRSE in supporting the development of the next generation of S&T 
engineers that are urgently needed to support all the work that is 
now beginning to happen in South Africa.  During the afternoon, 
the President went to visit Actom where Peter Colbourn showed 
him the wide range of manufacturing and refurbishment activities 
undertaken by the company.   During this, Pauline was taken by 
Charlotte to the Apartheid Museum, which records the history of 
South Africa prior to liberalisation. 

On Wednesday, Francis and Pauline were taken to the Linder 
Auditorium in Johannesburg by Bob Woodhead and Dinky 
Ostrofsky to attend a rehearsal of the Johannesburg Philharmonic 
Orchestra.  In particular there was a performance of Tchaikovsky’s 
Pathétique Symphony which was excellently executed.  This was 
followed by lunch “Under the Oaks” at the Johannesburg Country 
Club with Bob and Sandra Woodhead.   

THE AGM AND PRESIDENT’S ADDRESS 
Back to work then in the afternoon, with the Annual General 
Meeting of the Southern African Section.  After the reports of the 
Chairman Ben van der Merwe and the Treasurer Johan van de Pol, 
the elections for the new committee were held.  Under the bylaws 
of the section, various members of the committee of eight were 
due to retire.  Nominations were received for the vacant places 
and were duly elected.  The new committee now consists of: 

Ben van der Merwe Harry Ostrofsky Ryan Gould 
Bob Woodhead Piet Mulder  Phil Meyer  
Johan van de Pol Johannes Jooste  

The President was then asked to present an abridged version of his 
Presidential Address, the theme of which was “100 Years of Facing 
the Future”.  He explained part of his own career background, 
together with an overview of the Railway Industry Association in the 
UK (of which he is the Technical Director), and a brief history of the 
IRSE in its one hundredth year.  He then moved on to the “Bigger 
Future” foreseen by the Institution, particularly the growth in 
membership in various parts of the world.  This also included his 
view of the likely future trends in signalling and communications 
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KEYNOTE ADDRESS 
The Key Note address was given by Chris Lock, Deputy Director 
General, Transport Projects Division, Transport for NSW.  Chris 
started his presentation explaining that he was responsible for 
Developing and Delivering an Integrated Transport System for 
NSW.  Current Projects that were being carried out or developed 
were; The South West Rail Link, the North Sydney Freight 
Corridor, Introduction of the “Waratah” Train sets.  He was not 
an engineer but a Chartered Surveyor; however that did not stop 
him from taking a very keen interest in all forms of engineering!  
Transport for NSW was a new organisation having been set up in 
November 2011 with a mandate to integrate the differing 
transport organisations in NSW.  Transport for NSW reported to 
two “bosses”, The Minister for Rail and the Minister for 
Transport.  Both those persons reported to the NSW Premier and 
sat in the Cabinet.  Chris told the meeting that his  
role was to see through the successful completion of the projects 
above plus new projects that were likely to come on stream 
within the next couple of years as part of the integration process.  
These future projects had come about as a result of asking the 
public what they wanted out of public transport.  The public 
wanted and expected to get integration between train, bus and 
ferries and they wanted a policy and regulation of fare structures 
with through ticketing systems.  Transport is big business in 
NSW, the budget in 2012 is expected to be more than $5.3b and 
this is entirely state funded with no Federal help.  Some of the 
challenges facing the State were – The Population is expected to 
grow from 4million presently residing in the Sydney Greater 
Metropolitan Area to 5.6 million by 2030 and the State as a 
whole from 5.6 to 9 million by the same date.  There are about 
450 thousand people employed in CBD (Central Business 
District) and this is expected to increase by 61 thousand by 2030 
(notwithstanding the efforts being made by the Government to 
persuade employers to move jobs out of the CPD!).  Chris then 
went on to lay down the challenges that faced rail and which 
were included in the Government’s long term Transport Plan.  
Another Harbour Crossing was needed otherwise the Rail 
Network would seize up! (For our non-Australasian readers, there 
are presently two road crossings of the Sydney Harbour, a road 
tunnel and the famous Harbour Bridge which was built in the 
1930’s with two dual railways but of which only ever one was 
used, the second became two road lanes! – Ed.)  The Railways 
would have to work in different ways – presently the rail system 
was split into Sydney Metropolitan trains and NSW Country 
Trains each responsible for operations and maintenance with 
Government controlling Fares/Timetables and Assets.  On top of 
that the Nation’s freight had to travel on the State’s railways and 
passing the North/South Freight through the Sydney area was 
impossible during the day, hence the need for the Freight 
Corridor by-passing Sydney.  So how was this going to be done? 
Chris explained that they had to have operating efficiencies in 
the passenger services and that only way to do this was to cut 
down dwell times, teach the public how train operations had to 
change with the present timetable having been set to the lowest 
performing trains The service must move toward a rapid transit 
type system with Automatic Train Operation and gain network 
efficiencies that would come from such an operation.  The 
second Rail Harbour Crossing was a must but whether it joined 
up with the present day network or became a starter for a 
separate network still had yet to be decided.  The railway had to 
be sectorised and the Government had to stop meddling in the 

Transport system (Where have we heard that before?-Ed).  All of 
these ideas were in the NSW Long Term Transport plan plus a 
through ticketing system and a joint timetable system that 
included Bus and Ferries as well. 

Chris then went on to talk about how these changes were 
going to be managed – “Safety must come first” – remembering 
the Waterfall disaster and the 2005 Inquiry (This was where an 
electric Train over-speeded on a bend and derailed – the Inquiry 
recommended ATP amongst other recommendations – Ed.).   

He went on to say that “The Government was wary of the fact 
that RailCorp did not appear to be able to manage large projects – 
they were slow to implement ATP and it will be 2024 before all 
of the network will be fitted.”  (Statement by the Coordinator 
General to Cabinet in 2008).  Chris also said that there was a 
critical shortage of skilled resource in the Rail Industry and the 
Government was encouraging Alliances to be formed with 
Industry and Rail joint personnel.  The IRSE was helping in 
increasing the resources available with its programmes jointly set 
up with Central Queensland University.  The Transport plan also 
wants to fix up the trains, with new trains, and to set up Rail Routes 
with dedicated equipment, triple the work released to Industry 
with Control also being by the industry and not the Government, 
accredit Authorised Engineering Organisations to carry out work 
on the Railway without Railway supervision and to have at least 
Level 2 ETCS in operation by the year 2025!  (Whew! – Ed.)  

After this exploding presentation the Chairman, Robert 
Baird, thanked Chris for his entertaining talk and presented him 
with a memento of his visit to thunderous applause and said it 
looked like NSW might never be the same again! 

THE MORNING SESSION 
The Chairman then introduced Dr. Alena Griffiths from RHB 
Assurance who gave a presentation entitled “Software 
Reliability – An Oxymoron?”  Alena, who is Chartered Engineer 
with over 17 years experience in the field of System Assurance 
Engineering and Management in Transport, started by telling the 
audience  that rarely a week goes by without some software 
failure featuring prominently in the news!  Some problems, 
reported as “computer glitches”, merely result in financial loss.  
Others sometimes contribute to the downfall of governments, 
such as the Queensland Health payroll debacle.  The question 
must be asked, how vulnerable is the rail industry to software 
unreliability and what is the real likelihood that software 
problems could actually stop or cause trains to crash?  Alena 
provided the members with a brief survey of the extent to which 
modern railways depend on correct software operation.  She 
also went on to show how the dependency of the industry 
extends from customer facing applications through to critical 
service delivery applications such as routing of trains, scheduling 
essential maintenance and responding to emergencies.  The 
presentation also talked about how software reliability is being 
approached in the Australasian Rail Industry today and provided 
some suggestions for improving the handling of, and hence 
reducing the vulnerability to, software issues. 

Morning Refreshments were then taken which also allowed 
the members to network and view the Exhibition Stands set up 
by the Sponsors. 

The second presentation of the morning was given by John 
Gifford, who is the Signalling and Compliance manager for the 
Australian Rail Track Corporation (ARTC).  John’s paper was 
called “Maintaining and Designing Signalling Systems for 
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Reliability, Availability and Maintainability – Challenging the 
Paradigms, Beliefs and Sacred Cows!  John then told the 
assembly about Reliability Centred Maintenance (RCM).  This 
was a standardised, defensible Maintenance Requirement 
Analysis process that had originated in the military and aviation 
industries and is now accepted by, and applied across, many 
engineering organisations throughout the world for the 
development of system preventative maintenance 
requirements.  John then went on to explain how such 
processes were being applied to Railway Signalling both in the 
Design, Installation and Maintenance phases to improve the 
asset performance.  These processes also looked at paradigms, 
beliefs and sacred cows for the betterment of the railway 
industry and “kept the trains running”. 

The last paper of the morning session was then presented 
by Peter Burns of PYB Consulting Pty. Ltd., who talked about 
RAMS – Is that when you have more than one sheep?  Peter 
went on to tell to audience that RAMS analysis and the setting 
of RAMS requirements (often expressed as single indices) were 
becoming features of rail signalling projects.  He also went on 
to say that attempts to outsource RAMS objectives by attaching 
them as simple deliverables in project contracts often fail, and 
that the presentation explored some of the reasons why this 
was so.  Peter looked at various examples and processes of 
requirement analysis including key interfaces such as the rail 
environment and the world at large, different signalling 
systems and maintenance policies and strategies.  He also 
showed that the achievement of a RAMS outcome inherently 
involves alignment between many parties.   

Lunch was then taken with more time taken to inspect the 
various exhibitions. 

THE AFTERNOON SESSION 
The afternoon session started with a paper by Steve Boshier, 
Hyder Consulting, who talked about Independent Verification 
of Light Rail Systems – What, When, How and Why.  Steve 
explained that Independent Verification was an area that was 
not always well understood, but if applied correctly it could 
produce huge benefits for both the contractor and the client 
when implemented at the start of a project.  He then went on 
to give various examples and case studies that showed both 
the process in detail and the advantages that it gave.   

The final paper was then given by Alexander Walsh, attached 
to the West District Signal Maintenance team of RailCorp.  Alex 
had joined the graduate programme of RailCorp in 2009 and as 
he put it, commenced a journey in signal engineering with a 
dynamic and challenging environment.  He felt that his work and 
learning had been characterised by learning through experiment-
ation, conducting detailed investigations of failed equipment 
and how to improve the reliability of existing equipment.  His 
Paper was called Audio Frequency Track Circuit Reliability 
Investigation.  (This paper can be read in full plus a critique of 
his work elsewhere in this edition of the IRSE NEWS. – Ed.) 

Afternoon tea was then taken which was then followed by a 
panel session with questions and responses chaired by Peter 
Symons, the panel members being Glenn Miller, John 
Rasborsek and Eddie Hawes.  The subject matter of the 
session was The Relationship of Signalling, Communications 
and Control Systems to “On Time Running” Performance.   
This proved to be a lively debate with many members of the 
audience taking part. 

1 
2 

3 
4 

1. The Chairman, Robert Baird setting off the Technical Conference 

2. The key-Note Speaker, Chris Lock, Deputy Director Transport for NSW 

3. Robert Baird thanking Alexander Walsh for his paper on Investigations into 
Jointless Track Circuits 

4. The Panel:  Peter Symons (Facilitator), Eddie Hawes, Glenn Miller and  
John Rasborsek  

5. Various members being briefed before entering the operating floor of 
Homebush Control Centre – listening intently can be seen Michael Forbes, 
Peter Burns and Richard Stepniewski amongst other members. 

6. General view from the glass fronted visitor gallery Homebush Control Centre 

5 

6 
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This was then followed with closing remarks from the 
Chairman who also gave a vote of thanks to all the authors and 
the local organising committee as well as presenting the authors 
with a small memento as a token of appreciation for their efforts.  
The Technical meeting then closed at 17:00 hours which allowed 
just enough time for delegates to return to their hotels before 
meeting again at the Mercure Sydney Hotel for pre-dinner drinks 
and the formal Dinner in the Grand Central Ballroom.  As is the 
custom, much “new world” wine was consumed whilst enjoying 
the dinner and meeting old and new friends. 

SATURDAY TECHNICAL VISITS 
The Saturday visits started by all visitors boarding a coach for a 
tour around the western suburbs of Sydney visiting the Downer 
EDI New Rolling Stock Depot at Auburn which had been built 
expressly for the maintenance of the new “Waratah” Electric 
Multiple  Units which were progressively being introduced onto 
the Sydney suburban service.  They were double-deck trains (as 
are most of the Sydney suburban trains) and they were introduced 
to replace older trains (up to 50 years old) and raise the standards 
of comfort and reliability.   

The visit commenced with a talk on the purpose of the depot, 
how it worked and what it did and some of the facilities that had 
been built into this new depot.  After donning protective head 
gear, the members were then split into smaller groups and 
escorted around the depot and given explanations on all they 
saw.  Some of the various facilities shown were lifting jacks for 
the complete train, bogie dropping equipment, wheel turning 
equipment without removal from the bogie, access ramps and 
walkways for different levels needed to service the train.  The 
depot has removable contact wires to ensure staff safety.  The 
opportunity was given to inspect the driving cab and train 
monitoring unit and to test the reversible seating!  It was a very 
hot day so the visit concluded with ice-cold drinks in an air-
conditioned room whilst the Chairman thanked the staff who had 
given up their spare time to accommodate the Institution’s visit. 

The visit was then followed by a lunch at Dooley’s Waterview 
Club nearby, where the members were able to satisfy their 
hunger.  Thirst was sated by non-alcoholic drinks!  

The afternoon was spent in visiting the new control centre at 
Homebush (next to the Strathfield Signalling Centre) where the 
members were given a short introduction to the centre and were 
able to go onto the operating floor to view the workstations in 
detail.  The intention is that this centre would eventually control 
the whole of the RailCorp Suburban Network.  There is still a lot 
to do before this goal is reached.  (This was the same centre that 
the IRSE International Convention visited in 2001 but it had not 
been commissioned then and the ARTICS system was still in 
development – Ed.).  They were able to view the Automatic Route 
Setting and the large overview displays which dominated the room.   

Some members were also able to visit the Strathfield 
Signalling Centre next door which had been commissioned in the 
early 1980s and except for a few additions and alterations 
appeared just as the writer remembered at commissioning time! 
(It is of trivial interest to note that the signalling is controlled by a 
separate control desk and diagram made by Westinghouse Brake 
and Signal Co. UK in glass fibre and utilised the same moulds as 
the UK BR-SR London Bridge Control Desk and Diagram.  It also 
uses M3 tiles and the Illuminated diagram is lit just like London 
Bridge by fluorescent lights fixed at ground level at the rear of 
the control desk!  Is this a case of technology transfer? – Ed.) 

7. General view of Strathfield SB panel installed 1980 – note the number of TD 
displays! 

8. Tony Howker, Robert Baird, Gary Pallister and others with the Depot Manager 
before entering and inspecting a new train 

9. Gary Pallister and Tony Howker having a close look at the underside of a 
Waratah train – is this the furthest a Channel Tunnel Rail Link yellow jacket has 
travelled? 

10. Close up of the trip cock which can be reset or raised remotely 

11. The panel members acknowledging the appreciation from the audience.  
From the left are Glenn Miller, John Rasborsek and Eddie Hawes with  
Peter Symons (Facilitator) and Robert Baird (Chairman) 

7 
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YORK SECTION - 2013 ANNUAL DINNER DANCE 

After the trip down memory lane for some people, the 
remainder of the afternoon was spent visiting a construction site 
at Clyburn where new crossovers were being installed and a new 
Signalling Equipment Room was inspected.  Also available for 
inspection was work on the air-main (New South Wales and 
Victoria still have a lot of air operated equipment such as point 
machines and Train Stops in the city and inner suburban areas – Ed) 
and new LED signal heads. 

The visit then concluded with the Chairman thanking the 
organiser of the day Peter McGregor of RailCorp for his efforts 
before the coach returned the visitors to the airport or city to start 
their journeys back home.  Every one agreed it had been an excellent 
two day convention with plenty to learn about and discuss. 

11 

The 2013 Dinner Dance will be the 55th annual dinner dance and this 
ever-popular event will be held on Friday 22 March 2013 at the 
Marriott Hotel, York.  The reception will be at 19:00 hours for 
dinner at 19:30 hours.  Dancing will follow the dinner until midnight. 

As ever, we would like to invite all 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 so to 
ensure your place, please book early as reservations will be made 
on a "first come first served" basis.  For groups, tables can be 
arranged for to seat 10-12 people. 

The cost of attending will be £45.00 per person which will be 
reduced to £40.00 per person applying if payment is received on or 
before 23 February 2013.  Therefore, if you would like to attend, 
please complete (or copy) the application form below and send it 
along with your remittance to the Dinner Dance Secretary or 
contact the Dinner Dance Secretary direct by e-mail. 

For members wishing to book accommodation at the 
Marriott Hotel, a special bed & breakfast rate of £115 per 
double room per night, and £105 per single room, has been 
agreed with the Hotel.  The Hotel is very family orientated 
and there are family rooms available should anyone 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 +44 (0) 1904 701000] quoting  
"IRSE York Section 2013 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. 

----------------------------------------------------------------------------------------------------------------------------------------------------------------- 
To: I.T. Moore From:  
 IRSE (York Section)   
 57 Green Dyke   
 Wigginton   
 YORK   
 YO32 2WY E-mail: 
  
Tel.  +44 (0) 1904 761944 

Mobile  +44 (0) 7583 345890   

E-mail.  ianmooreirse@hotmail.co.uk   

I would like to reserve  __________  places at the 2013 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  _____________________  

Photocopies of this form are acceptable 
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The topic for the Section meeting in Birmingham on Wednesday 7 November 2012 was the 
Stafford Area Improvements Project, presented by David Gordon and David Lawrance for Network 
Rail Investment Projects. 

David Gordon commenced the presentation with some historical background to the signalling 
in the Stafford/Norton Bridge area, where the Birmingham to Manchester cross country route 
crosses the West Coast Main Line. In the days of semaphore signalling prior to electrification, 
there were 11 mechanical signal boxes in the area around Stafford station. The conversion to 
colour light signalling did not result in immediate elimination of the mechanical boxes, but there 
was a gradual concentration of control into two of them, Stafford No.4 and Stafford No.5, which 

remain today.  Network Rail is now 
planning the complete renewal of the 
signalling with a transfer of control to 
Rugby Signalling Control Centre, 
alongside a number of enhancements to 
improve capacity in the area. 
     David Lawrance then described the 
capacity enhancement element of the 
project in more detail. A large number 
of options had been investigated 

including an ambitious Stafford Bypass that would divert high speed trains on 
the West Coast Main Line entirely away from the Stafford/Norton Bridge area. 
In the end a more modest scheme with a grade separated junction at Norton 
Bridge, a freight loop at Stafford, and line speed improvements on the slow 
lines between Norton Bridge and Crewe was chosen as delivering the required 
capacity at an affordable price. 

The chosen scheme at Norton Bridge is still a very substantial project which requires a 
significant amount of new construction on an alignment well away from the existing railway. David 
described the wide range of issues that had needed to be taken into account in devising the 
optimum horizontal and vertical alignment. These included the impact on highways, population 
centres, farming, wildlife and high pressure gas pipelines. The chosen route has a ruling gradient 
of 1 in 125 and the impact of this had to be consulted with the freight train operators. The route 
crosses a river flood plain, and the effect of the new embankment on river flow in flood conditions 
required consideration. A public consultation process was undertaken and the end result is a route 
than only requires the demolition of one farmhouse and two (very large) chicken sheds. A 
tendering process is now under way, with two consortia competing for the construction contract.  

After a discussion session and a vote of thanks, the meeting finished with a chance to pore 
over signalling scheme plans for 1962 and 2014 – illustrating that many of the new signals being 
installed for the 21st Century railway will be located in similar locations to the semaphore signals of 
the London and North Western Railway.   

MIDLAND & NORTH WESTERN SECTION 
Report by Ian Mitchell 
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Industrial Relays and the Implications for ERTMS/ETCS 

Whilst prompted by the recent Minor Railways Section visit to the 
Foxfield Railway in the UK and whilst reading about ERTMS/ETCS, I 
was wondering whether the signalling community is not being a little 
guilty of failing to look beyond their own immediate world in respect 
of the integrity of the entire system.  On our visit Ron Whalley made 
the good point that power and braking systems on traction units rely 
on small industrial relays to affect commands between the driver’s 
controls and the equipment.  These are not ‘signalling standard’ 
relays and have not been subjected to the same design and testing 
regimes that signalling relays go through.  Are there even any 
applicable performance standards?  We can have as much integrity 
in the signalling system as we like, and as many fail-safe features too, 
but what good are these if, when the driver shuts off power and 
applies the brakes to stop at a signal, the relays on the traction unit 
fail to respond owing to component failure? 

As we move closer to embracing ERTMS and ETCS, the 
boundaries between the signalling systems and the on-board train 
systems will become increasingly blurred.  Indeed, it is highly likely 
that in the fullness of time they will become as one.  How is the 
integrity of these systems to be ensured to signalling standards if a 
major area of the whole system is composed of non-signalling-
standard components?  Have the practicalities and cost of specifying 
higher specification components on traction units been 
considered?  Would existing traction units need to be upgraded if 
ERTMS/ETCS were retro-fitted?  Who would pay for this?  Or are 
these components to be quietly disregarded in the safety validation 
procedure?  If so, one might justifiably ask why all the components 
in the system can not be made up of these cheaper relays.  To use 
an analogy, there’s not much point specifying high-grade steel for a 
drive chain if you join it all together with a cheap low-grade link.  I 
would be very interested to hear opinions on this issue. 

Andy Overton  

The Lessons of the Past 

Consider the remarkable longevity of the technologies such as SSI 
and IECC that were first applied on the railways of the United 
Kingdom in the 1980s.  Is there an instructive tale to be learned from 
these notable successes? 

What were the design, organisational and ‘political’ factors which 
led to such success?  How were the perennial problems of 
incorporating new technology into the living railway organism 
handled so effectively?  Who were the engineers who developed, 
manufactured and applied these artefacts and – most importantly - 
how did they approach their task? 

Many of the senior engineers from that time must be nearing 
retirement by now – though as Mr Chandrika Prasad points out (in 
IRSE NEWS Issue 180) “today’s Signal Engineers…never retire”!  
And there must be so many highly experienced and distinguished 
engineers with wisdom from past undertakings that, if they should 
be written every one, I suppose that even the world itself could not 
contain the books that should be written about their insights. 

But perhaps with the benefits of electronic data communication, 
and the superb forum that is the IRSE NEWS, lack of physical space 
may not be quite the obstacle it was in the past? 

Martin Bowie 

FEEDBACK 

RE: Control, Command and Communications 
Technology on Britain’s Rail Network  

I would like to take issue with Francis How’s  statements about 
existing automatic route setting systems (ARS) in his interesting 
paper on “ Control, Command and Communications 
Technology on Britain’s Rail Network” (IRSE NEWS 184). 

 Firstly, he says that ARS is provided in all modern control 
centres, which is not true in the case of Network Rail in the UK.  
ARS has been available since 1989 as a feature of the IECC 
system provided by DeltaRail and its predecessors, but in the 
period since then Railtrack and Network Rail have chosen to 
equip a significant number of control centres with panels or 
less capable VDU based systems without ARS. 

 Secondly, to say that ARS cannot do much more than set 
routes in accordance with the timetable is a significant 
understatement of the capability.  ARS can take account of 
late running trains and prioritise route setting at conflict 
points to minimise aggregate train delay.  In complex areas it 
can also re-route trains where it is permitted to do so.  There 
are also facilities to invoke contingency plans to reschedule 
the service in the event of infrastructure unavailability. 

 None of this invalidates the central theme of the paper - 
the need for more intelligent traffic management systems 
that can exploit additional data sources and dynamic real 
time planning tools to improve performance and capacity – 
and ARS will provide the crucial link between these 
applications and the interlocking/movement authority layers. 
DeltaRail’s new IECC Scalable system as described in the 
MNW Section report in the same edition of IRSE NEWS 
provides this capability through its open message broker 
architecture.  

 Ian Mitchell, DeltaRail, Derby UK 

(Response from the Author) 

Thank you for clarifying these points, both for my benefit and 
for other IRSE members.  I am aware that not all the control 
centres built in Great Britain in the last 20+ years have been 
equipped with ARS.  My comments really related to the most 
recent control centres (such as Thames Valley), but perhaps 
on reflection even that is not entirely correct. 

As regards the capabilities of ARS, I fear that my shorthand 
description may not have done justice to some ARS systems 
currently in service.  I am aware of the capabilities of IECC 
ARS in rerouting trains, minimising delay etc.  What I was 
trying to do was draw a comparison between future needs 
and the capabilities of systems presently in operational use, 
and in doing so perhaps I was a little unfair on IECC.  My 
apologies if this is the case.  I am also aware that IECC 
Scalable, (and possibly other suppliers’ systems that are 
under development, but with which I am not familiar) offers a 
significant step forward in realising some of the vision that I 
articulated in the paper. 

Francis How 
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FEEDBACK 
Reviews of the Preview 

I was not able to attend the October Technical Meeting in 
London – ‘A Preview of the Rail Technical Strategy 2012’, but 
have since found some time to read the October 2012 IRSE 
NEWS publication of it.  The whole subject is certainly thought 
provoking, and I’m sure there was an interesting discussion after 
presentation of the paper. 

Reference is made a couple of times in the paper to an 
industry ‘Planning Oversight Group’.  To me this seems a strange 
title - I can well understand there may be a Planning Overview 
Group to give an overview of planning and that it may pick up 
oversights but not be named as an ‘Oversight Group’.  Is this 
just a repeated typographical error – or is it there some other 
explanation? 

John Jenkins 

(In the original file contributed by the authors the term ‘Planning 
Oversight Group’ was used.  ‘Oversight’ is what an ‘overseer’ 
does, although it might well have other meanings as John 
Jenkins points out. -  Ed) 

CURIOSITY CORNER 
Elevated Equipment 
In the early part of 2011, parts of the Australian State of 
Queensland suffered extreme flooding.  Described by the State 
Premiere as an “Inland Tsunami”, flood waters in some areas 
reached a height of seven or eight metres.  In one particular 
area, Lockyer Creek rose to a height of almost 19 metres.  
Several people died, and the body of one victim was recovered 
80 km downstream. 

The station of Goodna is situated very close to the Brisbane 
River in the outskirts of Ipswich.  A traditional ground level 
equipment room was severely flooded by water flowing 
through at a depth of 1.8 m.  To prevent similar problems in the 
future a new prefabricated Equipment Room has been installed 
on stilts five metres above ground level.  This was fortuitous as 
Queensland suffered again from serious flooding in the early 
part of 2012.  In the photograph the original room can just be 
seen at ground level to the left of this new structure. 

 
Photo: Bruce Larter 

IRSE Innovation Award 
In the October edition of IRSE NEWS, it was announced that 
nominations for the IRSE Innovation Award are being sought.  
This is a reminder.  The closing date for entries is the 18 January 
2013. 

The IRSE Innovation Award will be made for an innovative 
system, product or service that is relevant to the scope of 
interest of the Institution.  Innovations on all types of railways 
are eligible.  It can be awarded for infrastructure–based and 
train-borne systems and products; support tools, technologies 
and services; processes etc.  The IRSE seeks to attract 
applications from all parts of the world. 

Subject to sufficient entries being submitted, it is expected 
there will be two classes of the award: 
  To an individual;   

  To a company. 
The primary criteria against which an innovation will be 

judged are: 
  The degree of novelty;  
  The benefits it delivers. 
Submissions must be sent to innovation@irse.org .   

Full details of the rules and entry form can be found on the IRSE 
website www.irse.org .  Any queries on the award should also 
be forwarded to innovation@irse.org. 

The winners of the Award will be announced at a London 
meeting of the IRSE in March 2013.   

Francis How and Jeff Allan 

 
Having studied the Preview of the Rail Technical Strategy 2012 
(see IRSE NEWS Issue 182) I would like to add an ‘A’ to the 
memorable ‘4 C’s’ (of Cost, Carbon, Capacity and Customer-
satisfaction) which were identified as being key to the future of 
our railways: this additional ‘A’ standing for the Art of railways. 

To justify the use of the ‘a’ word (which might seem 
ridiculous to many) just picture the following scenario: high 
torque turbines on the hills of the Scottish southern uplands 
powering swift and efficient goods-trains as they quietly speed 
through the hills – closely separated due to the use of moving 
block – and, to complete the picture, carrying cargoes of 
continental wine bound for the north, while wagon-loads of 
mature Scotch whisky thread their way south to quench the 
thirst of the wider world. 

While it must never be forgotten that “the life of a man [sic] 
consists not in seeing visions and in dreaming dreams, but in 
active and willing service” (see IRSE Centenary Textbook, page 
27), the scenario above is surely one of engineering elegance as 
well as functionality; and when all we present-day IRSE NEWS 
readers are long departed, and the profit and loss accounts of 
our current economic units are no longer relevant, it surely will 
be the Art of our engineering works (just think of the Forth 
Bridge!) that remains.  

Martin Bowie 
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BOOK REVIEW 

Just in time to go on your New Year present list, a revised 
edition of the Trackatlas of Mainland Britain has been 
published.  You will remember that this book presents a 
complete track plan of the British national rail network, 
laid out geographically and to scale as far as possible  (as 
opposed to the ‘Quail Track Diagrams’ which are entirely 
diagrammatic).           
As minimum the following are included: 

 All stations and platforms with their chainage; 

 ‘Signal Boxes’ of all types with their chainage and 
code prefixes; 

 Junction names usually with their chainage; 

 Tunnels together with their names and chainage of both their portals; 

 Level crossings together with their names, chainage and type; 

 Connection to yards and sidings, though not always the details of the yard. 
This second edition includes all the many infrastructure changes since the first edition and claims to be up-to-date to 
the end of 2012.  Obvious additions include: 

 The Airdrie – Bathgate link in Scotland; 

 The new four and three track formation east of Paisley Gilmour Street in Scotland; 

 The transfer of the lines through Oldham to the Manchester MetroLink system (although the MetroLink network itself is not 
included); 

 The new terminal platforms at Birmingham Moor Street; 

 The doubling through the Cotswolds and junction improvements at the London end; 

 The new station at London Blackfriars; 

 The East London Line with its connections at the north and south ends, including the platform changes at Clapham Junction for 
the recently introduced London Overground service; 

 The double tracking through Axminster. 
There are of course numerous less obvious changes that will be easily spotted by ‘those in the know’.  One of these would be the new 
connection to a jetty at Northfleet, where spoil from some of the Crossrail tunnelling machines is loaded onto barges.  Another major 
change is the inclusion of forty-four significant Heritage Lines, especially those that have a permanent connection to the National 
network. 

The page breakdown of the network is unchanged from the first edition, but there are six more pages needed for the number of 
extra enlargements of complex areas added.  In particular the complex London area has been redrawn in a more consistent and 
‘tidy’ manner.  A useful addition to the Reading area enlargement is the inclusion of an insert showing the final 2015 layout. 

Considering the immense amount of information included it is perhaps inevitable that there will be the odd error.  I spotted what 
appeared to be a track layout error at Hazel Grove High Level Junction in the first edition, which is still included in this revised 
edition, so I must contact the publisher about this.  I have now noticed the layout shown at West Ruislip looks strange in both 
editions.  An up train sitting in the up platform faces a buffer stop, and cannot proceed towards London. 

This new volume is formally published by the Platform 5 Company, but may be obtained from TRACKmaps, priced £24.95: 
By post from Little Court, Upper South Wraxall, Bradford-on-Avon, BA15 2SE, UK 
By Phone:  +44 (0)845 300 1370  Online at: www.trackmaps.co.uk       

TRACKatlas of 
Mainland Britain 

2nd Edition 

By Tony Rowbotham 

Sample shows the newly doubled section of the Cotswolds Line, and part of the Heritage Gloucestershire Warwickshire Railway  
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What the critics said about the first edition:

“... a brilliant feat of cartography ...” 
Today’s Railways UK

“... great benefits in perspective ... 
thoroughly recommended ...” 
The Railway Magazine

“...the most detailed single volume 
on the market...” 
Traction

What the critics said about the first edition:What the critics said about the first edition:

Today’s Railways UK

thoroughly recommended ...”
The Railway Magazine

Traction

The first edition of TRACKatlas appeared in 2009 to great acclaim from the railway 
community. The new atlas showed the entire national railway network in geographical 
format, with track level detail. Never before had such a detailed atlas been published in a 
single volume and, perhaps unsurprisingly, the first edition quickly sold out. 

The much anticipated second edition of TRACKatlas of Mainland Britain is now 
available. As well as being completely revised and updated, the new volume has been 
further enhanced by the inclusion of 44 major heritage railways, including several 
narrow gauge lines. A greater number of locations now benefit from inset maps and the 
London inset maps have all been redrawn to provide greater clarity and a consistent 
scale throughout. Much work has been undertaken to provide additional detail across 
the network, the extent being too exhaustive to list here in full. Now includes 139 
detailed map pages.

• All passenger and freight routes are shown with their track formations including 
connections, crossovers and primary sidings.  

• All stations are shown with platform 
detail and with railway mileages 
denoted in miles and chains.

• Most signal boxes, junctions and 
tunnels are shown including their 
names and railway mileages. 

• Most level crossings are included together 
with information describing their type.  

• Complex areas are shown as larger 
scale insets.

• Different colours are used to denote 
electrification type and voltage.

• A comprehensive index contains over 
9000 entries.

176 pages. A4 size. 
Hardback. £24.95 +P&P.
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