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Preface
In December 1981, British Rail (BR) put its 
Advanced Passenger Train (APT) into 
public service but to their surprise it 
provided passengers with a bad ride.  
When those at the top of BR found that 
they had been misinformed about the 
ride of the Prototype train, they 
abandoned their hope of having a Fleet 
of low cost and fast inter city train. 
In November 1970 I joined BR and went 
straight into the Project at its bottom level.  
Then for almost a decade I used to bike to 
work often feeling full of hope about 
having the best job.  
Many people have asked me to explain 
how the APT became a disaster from my 
experience of being within the Project.  
There were many contributions and this 
book recognises the used made of 
misconceptions.  
Misconceptions can be believed at 
different levels in the organisation.  It was 
common in the Railways for your boss to 
have about ten staff and his boss might 
have about ten staff up to the Chairman of 
the Board.  With the total number of staff 
far more than 100,000 there might have 
been eight or more layers from top to 
bottom.  The scope for deception 
increased with the number of layers.  For 
example, if a manager had been asked if 
there was information that confirmed that 

things were going well as had been 
expected, good news would be passed 
up with smiles at each layer.  If that was 
not the case, it would be difficult for an 
individual who knew it was not as had 
been presumed.  That individual would be 
reluctant to tell the immediate boss the 
bad news.  
Here is another example, a more 
complicated one.  You might criticise a 
competitor of yours by passing on some 
bad news up about his work to those in 
authority above you.  If you were believed 
by them, it would enable you to 
ambitiously claim to know how to 
overcome your competitor’s problem.  If 
those in authority blindly believe you, they 
might swallow the misconception and in a 
little while it seems to matter little whether 
it was true or not.  If the decision makers 
had felt insecure, you with your 
confidence might be rewarded and be 
asked to take-over the work from your 
competitor.  In a static conservative 
organisation this promotion can be a 
welcomed achievement.  But if you are 
even more ambitious, you might go 
further and risk being hoist by your own 
petard; you might try to do something 
about this made-up problem.  By doing 
that, there would be a chance that failure 
might follow and expose your 
incompetence to those who appointed 
you to be in-charge.  
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The two books “APT  The untold story” by 
David N Clough1 and “APT A promise 
unfulfilled” by Hugh Williams2 and now 
being more than 35 years after the event, 
there is an opportunity to tell a different 
story.  In 1973, with a contract 
draughtsman were given authority to 
design the train’s tilt and brake systems 
and this responsibility remained over the 
next decade.  
This book is a cautionary tale for those 
who might hold responsibilities for 
innovative projects within large 
organisations.  The first three chapters 
shows the construction and use of 
misconceptions while the four and fifth 
show the consequence of the 
misconceptions to British Rail and to me.  
Nothing has been written knowingly to 
misrepresent or to damage reputations.  
I am thankful to many people for their 
contributions and to those who helped 
me to do this book despite my dyslectic 
tendencies.  
Julian Marshall

the author of “APT P Derailed” 




1 APT P The Untold Story by David N Clough ISBN 978 0 7110 3824 0 published by Ian 
Allen Ltd 

2  APT P A promise unfulfilled by Hugh Williams ISBN 0 7110 1474 4 published by Ian 
Allen Ltd.
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Introduction
The railways in Britain had already been 
cut back by Dr Beeching for journeys 
between towns and villages to reduce the 
loss making businesses.  Then a Fleet of 
Advanced Passenger Trains (APT) was 
proposed as Britain’s attempted to 
provide profitable and fast rail transport 
between cities.  Working on this exciting 
Project had successes and happy times.  
The new trains had to be competitive with 
the new motorways.  To suggest that this 
improvement of the railways be achieved 
by constructing new motorway style 
straighter railways routes was politically 
accepted in Japan and France but not in 
Britain at the time.  
The Project’s target became clear.  The 
Fleets of trains would have to be about 
33% less running cost on the exist tracks.  
A Fleet of trains operating at 125 mph was 
specified to use no more than 66% of the 
energy3 that of the High Speed Train 
(HST).  The HST’s running cost was 0.3 
pence per seat/kilometre whereas the 
Fleet’s running costs4 at 0.2 pence per 
seat/kilometre and these compared well 
to a car.  The train’s special feature was the 
tilt system. The Fleet was specified to take 
an hour off a 5 hours curvaceous journey 
between London and Glasgow.  It was to 
average 100 mph.  Clearly extremely 

ambitious targets for an ailing industry to 
achieve.  It was obviously a large 
challenge because the infrastructure was 
not to be improved.  
Going faster with conventional trains was 
known to have reduced the comfort on 
curves and made standing passengers 
have to hold on.  The Project decided that 
tilt would be designed to keep all 
passengers well balanced at all times.  
From the start it had to obtain exact 
balance like runners leaning inwards on a 
bend; as do cyclists, birds, skateboarders 
and airplanes.  
While I had undertaken a post gradual 
industrially supported year’s course at the 
College of Aeronautics at Cranfield, I had 
learnt how to fly solo.  I had to co-ordinate 
the pedals (left and right) and the joystick 
(left and right) to ensure both, complete 
balance, while generally guiding the 
aeroplane.  In addition I had been taught 
the theory of feed back control systems 
and in particular how to design automatic 
guidance in flight. The train had to be 
guided in a stable manner to follow the 
track within a couple of inches either side 
of the center line and keep carriages fully 
balanced.  A blend of what I had learnt to 
do manually in the air, became 
recognised as what needed had to be 
achieved automatically for trains.  The 



3 “Railnews, the official monthly newspaper of British Rail, 222 Marylebone Road, London 
NW1 6JJ”  November 1980 issue 

4 “Railnews, the official monthly newspaper of British Rail, 222 Marylebone Road, London 
NW1 6JJ”  November 1980 issue
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Fleet of trains was specified to provided 
no lesser comfortable ride for passengers 
than the current trains at their 20% lower 
speeds on the existing railway.  This was 
achieved.  
In a culture of poor communication and 
co-operation, there were many 
misunderstandings that built up and 
contributed to the train’s failure.  Three 
outstanding examples are described in 
this book.  
The first was a conceptual failure in the 
Experimental train’s suspension.  The poor 
vertical ride in the Research organisation’s 
Experimental train was allowed to be 
covered up.  This succeeded in protecting 
the Project’s reputation  The ability of 
those doing the theoretical performance 
prediction and the ability of the design 
staff of the suspension combined 
together to had created the fault.  The 
cover up was so strong that the fault was 
repeated in the Prototype train.  
The second was a mischief made about 
the space of the train would occupy when 
going round curves, with its tilt stuck 
failed hard over.  The Experimental train 
often had a vehicle fall hard over and it 
would limp back to the Railway Technical 
Center.  Whenever a Prototype carriage 
was to have lateral unbalance such with 
the tilt in the wrong angle, the Safety 
Warning System was to make that 
Prototype carriage to go upright.  This 
prevented tilt being stuck hard over.  The 
space occupied by a carriage in the 

upright state is smaller that a conventional 
non-tilt carriage at all times.  Nevertheless 
this conspiracy about the train being “out 
of gauge” and so liable to hit other trains 
succeeded in damaging peoples’ 
confidence in the Prototype train.  
The third was an assault which resulted in 
changing the Project management.  This 
take-over of the Project just prior to the 
launch of the Prototype train spoilt 
Britain’s chance of having a Fleet of 33% 
lower cost and 20% faster inter city trains 
on the curvaceous Victorian railway 
routes.  It demonstrated to me and many 
others that BR, who had enabled the 
disaster to happen, was unfit to meet the 
future needs of the nation and was 
loosing technical leadership in the world.  
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the reputation of the Project would be put 
at risk if those in authority at the top of BR 
got to know about it.  The Research 
organisation took a year to design and 
manufacture the replacement articulated 
suspension to improve the ride comfort.   
This cover-up enabled the design of the 
Prototype to repeat the same sort of 
mistake.  The second time the poor ride 
was mitigated by changing the design 
within the carriages resulting in a small 
cost and delay.   
 
 
The Experimental train
The Project was aimed to create a Fleet of 
APT trains which would operate at much 
faster speed and at much lower cost on 
existing routes, as explained at the time 
by figure 1.  It was a concept that needed 
people to be united and believe that it 
was possible to achieve.  The Project 
started in the Research organisation and 
consisted primarily of 119 scientific and 
technical staff.  Firstly there were 63 on the 
development side and 19 of these posts 
were focused on understanding the 
dynamics and predicting the ride comfort.  
These staff had access to large computing 
power.  Secondly there were 56 posts in 
the design part of the Project.  
Fleets of trains were planned to operate at 
100 mph average speed on existing main 
lines.  The Project built on the success of 
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other internationally renown high speed 
railways.  The Research organisation’s 
mathematics and computer work used a 
theory about creep forces at the contact 
between wheel and rail to explained high 
speed railways stability.  However in 
designing such a Fleet of train for Britain’s 
railway, we were facing two challenges.  
The first challenge for the Project was that 
the brakes had to be greatly improved to 
enable the faster trains to stop in the same 
signal distances as used by the existing 
signals for slower trains.  Excellent 
research determined that there was 
enough adhesion between wheel and rail 
available for this higher level of braking.  
The second technical challenge was that 
there were existing speed restrictions on 
curves.  The train had to tilt to enable the 
train to be driven at about 20% faster than 
normal round these curves.  This meant 
operating trains speeds which were closer 
to the overturning speed on curves.  A 
static test was undertaken to confirm at 
what angle the powercar would over turn, 
see figure 2.  
The Project adopted a three step 
approach to getting the design of the 
Fleet of trains right first time; 
	Experimental, to find and sort out all 

the ride, brakes and tilt problems,

	Prototype to find and sort out all the 

remaining problems,  
	Fleet trains to be delivered free from 

any unexpected fault.  
The first step was this single Experimental 
train which was made to discover the 
design risks in tilt, brakes and suspension 
that otherwise might spoil future 
prototype trains.  
When I joined BR in November 1970, I 
was told that my post was in the design 
side of the APT Project.  My hopes were 
very high but because the Experimental 
train had already been designed I had 
little real involvement for my first year.  I 
found that the Project was held in high 
esteem and was representative of the best 
of the new Railway Technical Center in 
Derby.  The Experimental train was made 
to be an emblem of the future of BR.  
I took it on myself to gain a sound 
understanding of the existing railways and 
what would make a good design of better 
trains for the future. 
The first distinctive feature that caught my 
attention was the Experimental train’s 
windscreen because malicious members 
of the public had been lowering objects 
such as a brick on a rope over a bridge so 
that the object would be hit at speed by 
fast trains.  I learnt that a sufficiently strong 
windscreen was developed to withstand 
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the impact at 20% higher speed, see 
figure 3.  This safety feature became 
designed into the first HST and the APT 
Experimental train.  
By providing only one small window the 
drivers became concerned about going 
faster.  We were told that they wanted to 
drive the HST and the Experimental train 
faster than 100 mph but to do that they 
wanted a second driver to assess the 
safety implications as seen from a driver’s 
point of view and also to be their back-up.  
I lacked the relevant experience to 
understand the issues. 
I had had a licence to drive my car and to 
fly an aeroplane.  Top difference was the 
brakes, which had to be applied at signals 
about two miles before the stopping point 
on main line BR routes.  One overspeed, 
or a delayed starting of a brake 
application could result in going past a 
signal at danger.  It this situation, it risked 
colliding with another train and so the 
lives of the driver and passengers behind 
him.  
From the records held by Her Majesty’s 
Inspector of Railways I learnt that, on 
average, a train driver would pass signal 
at danger only once per 40 years of 
driving.  There were no known records of 
any operators being more reliable than 
the BR train drivers when bringing their 
train to a stop at the right place in 
response to the railway signals.  At the 
same time driving trains on BR was an 

occupation that had the second worst risk 
of becoming a fatality.  
When I was off duty and could get a cabin 
pass,  I took many rides with drivers in 
their cabins to increase my experience of 
driving.  All the drivers were open, 
enthusiastic and friendly to me.  At 
conventional speeds the time to observe 
on coming signals seemed to be 
sometimes short.  At night it was 
important for the driver to know where he 
was and exactly where the signals were 
placed.  The track was not lit and there 
were no driving lights on trains.  Drivers 
were tested for his route knowledge and 
his control of the train with that type of 
train taking account of the sounds and 
movements in the cab.  I noticed that 
signals might be close to a curve, 
occasionally in line with the sun or moon 
and sometimes could be on multi-track 
and bi-directional layouts.  I was left in 
amazement at the drivers’ high level of 
skill and I became more aware of the 
responsibility that the designer had for 
safety.  
I imagined that signal locations might be 
prone to patches of fog which it could 
make it hard to predict when to look for 
them.  In fog and heavy snow, the window 
of opportunity for seeing a signal would 
be reduced.  It seemed obvious to me that 
by going faster there could be an increase 
of risks.  
In July 1972 and within the first few days 
of the start of testing the Experimental 
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train, news came back that the Project 
Manager and the research scientists had 
found that the vertical ride was so poor 
that the articulated suspension had to be 
redesigned and replaced immediately.  
When going over the joints in the rails, the 
audible noise and the vibrations in the 
carriage was loud.  During the year that it 
took to do the engineering work on the 
suspensions, we were told not to tell 
anyone about the design mistake.  I did 
not meet anyone in authority above the 
Project and there was no process available 
for whistle-blowing.  
Coincidental to the poor ride being 
discovered, BR rejected the drivers’ claim 
for second man for it on the Prototype 
trains.  The public and many in BR had 
been misled to believe that the 
Experimental Train had been delayed, not 
by a design mistake, but only by the 
drivers and their Union’s strike action.  It 
seemed oddly coincidental that the ban 
on driving the train above 100 mph was 
lifted just when we were told that the 
replacement suspensions were being 
reassembled into the Experimental train.  
The scientists had told the designers what 
springs and dampers to use to obtain a 
suitable ride comfort.  I asked one of 
those who had been involved in 
predicting the ride comfort why there had 
been such a large mistake that resulted in 
the poor ride.  He told me that the flaw 
had come about because the designers 
had not complied with the computer 
model.  At the time that seemed true but I 
was confident that the mechanical links 

between the bogie and the carriage were 
the cause of the poor ride and the 
suspension could not have been design 
without them having mass.  To me it was 
the adverse effect of the links’ inertia that 
caused the poor ride and it should have 
been included into the computer.  It was 
hard for me to know the truth when asking 
from the bottom rung of the Project’s 
organisation.  
The poor vertical ride was the first of three 
mistakes in the articulated suspension 
design. The second one was when 
anything to do with tilt had failed then its 
carriage would fall over to one side or 
another and it would stay over providing 
bad lateral ride until it was restored at the 
depot.  The third mistakes was recognised 
only after the Prototype suspension 
design had been fully drafted out.  The 
Experimental train’s articulated bogies 
were at risk of derailing especially when a 
carriage had fallen over.  These three 
mistakes were not remedied through the 
Experimental train before the start of the 
design of the next train.  
It should have been obvious that before 
designing the next train, all the design 
mistakes should have been found 
especially those in the Experimental train’s 
articulated suspension, brake and tilt 
systems.  Remedies should have been 
made and demonstrated as being 
suitable for the Fleet trains.  Where that 
was impractical, great care should have 
been taken to reduce the risks at the 
earliest opportunity.  This should have 
been an important lesson.  
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It was at this stage that I was asked to take 
on responsibility for the design of the tilt 
and brake systems for the Prototype train. 
 
 
The Prototype train 
In 1973 the Prototype train began to be 
designed, and the Experimental train had 
just restarted to operate again after 
having had the the articulated bogies 
replaced. 
Designing the train was exciting and for 
the tilt and brake systems this included 
creating the standards by which the 
system performance should be judged.  
For example, the brake designer noticed 
that the system standard of performance 
had raised to become twice the thermal 
capacity and twice the cooling power as it 
had been for the Experimental system.  It 
had to be achieved without any increase 
in the mass or spacial size.  
Another example was that the designer 
noticed that the tilt system had to be 
1,000 times more reliable than for the 
Experimental one. It had to be achieved 
without an extension to the time to do the 
designs and they all had to be ready for 
manufacture on time.  

These newly created standards were set 
by the designer who then had increased 
his problems.  
In 1979 the Prototype train had been 
designed, manufactured and assembled 
and was ready for commissioning.  The 
windscreen, together with a second seat 
being provided and also a new speed 
advisory device (see figure 4) were helpful 
to the drivers.  
 
 
Commissioning of the 
Prototype
The Commissioning Team had the job of 
determining whether the train’s 
performance met the standards.  The 
standards covered both normal 
operations and also performance in the 
event of a wide variety of failures.  The 
Team needed to understand how the train 
should be operated and maintained.  
Where something failed to perform 
correctly to the relevant standard, then it 
was good engineering practice for it to be 
referred to a development team to find 
the best way to overcome the problem 
and make it suitable for the Fleet.  
After a modification coming from the 
development effort had been completed 
then it would be expected to be re-
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commissioned.  The Commissioning 
Team’s job should include making sure 
that all this work had been completed 
before recommending that the train was 
ready for public service.  
The Commissioning Team should have 
paid special attention to all aspects of 
safety and co-operation with Her Majesty’s 
Inspector of Railways.   
Once the train was being commissioned 
the human face of the Project changed 
away from being focussed on the 
designers.  The Project was a fragile 
concept, and was given characteristics as 
though it was a human.  Its reputation 
needed to be respectfully managed. 
Another commissioning function was to 
inform those in authority when the 
Prototype train would be ready for public 
service and report on the progress to 
achieving the expected date.  This turned 
out to be more difficult for the Project 
than I could have imagined. 
It seemed as though there had been a 
long standing disconnect between what 
those at the top believed to be true and 
what those facing really knew was fact..  
For example, the progress was mis-
understood by those in authority as 
shown by the in-house Railnews APT 
Souvenir Extra5 “The development and 

intensive testing programme had proved 
the major technical features of APT P.  No 
problems have arisen which would 
invalidate the technical correctness of the 
train. Those that have been encountered 
have been resolved and vehicles are 
being rectified.”  If the word “technical” 
had been replaced with 
“commercial” (meaning low running costs 
and journey times saved) then to me in my 
role it would have been more appropriate.  
This gap between technical and 
commercial was important. 
I could not have known and still find it 
hard imagine that the train was sent into 
public service by someone or some 
people in authority who should have 
known that 
	there were about 2,000 axle bolts per 

train and each had to be checked 
frequently for their torque tightness 
because they were loosening and a few 
needed to be replaced where they had 
been found to be loose, 
	the brakes had to be checked each day 

because they had occasionally one had 
been dragging making it in effective, 
	plus the warning of severe overspeed 

had been tripping when the train was 
being tested.  



5 “Railnews, the official monthly newspaper of British Rail, 222 Marylebone Road, London 
NW1 6JJ”  November 1980 issue
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If I had suspected this gulf in 
understanding, I should have tried to 
voice my opinion more but there was no 
forum for such discussion. In retrospect 
the Commissioning Manager might have 
been over ruled by his boss on the days 
leading up to the launch.  
 
 
Non-compliance and 
absence of development
The drivers and most others involved in 
the Prototype train could hardly have 
expected that the same sort of mistake 
about the vertical ride comfort would 
recur.  From the first day, the 
Commissioning Team must have felt 
increasing degrees of anxiety.  The 
Experimental train with its heavy swinging 
arms had transmitted vibrations vertically 
up from the bogie frame to the carriage.  
This time it was a heavy anti-roll bar that 
similarly transmitted vibrations vertically 
up to the carriage from the bogie frame, 
see figure 5.  
When it came to the Prototype train the 
vertical ride was declared by the 
management to be unacceptably poor.  
The Commissioning Team decided not to 
measure the Prototype train’s ride comfort 
in the manner that had been used by the 
Research organisation and on which the 
Project had based its standard of comfort.  
This left the Project without a basis to 
ascertain whether the Prototype train 

complied to the standard established by 
the late Dr David Boocock.  This 
development work was too technical for 
the Commissioning Team to understand 
and they only forward their wiggly lines 
from their recordings of accelerations in 
the carriages.  The Project ≥did not have a 
development team.  
According to those I met at lunch in the 
works canteen, the Chief Mechanical and 
Electrical Engineer’s (CM&EE) 
commissioning team for the HST had not 
been approached about helping out nor 
were they asked to form a development 
team to support the Prototype Train.  
The Project had a major threat to its 
progress.  In retrospect, if in 1974 the 
Project had approached the large CM&EE 
bogie section and shown them the 
articulated suspension drawings of the 
Prototype, the bogie section would have 
intuitively recognised the design flaw.  
They would have been able to tell the 
Prototype articulated suspension designer 
that his anti-roll bar would spoil the 
vertical ride comfort.  
This vertical ride problem in the Prototype 
train was technically the right sort of task 
for the huge Research organisation to take 
on.  It had an excellent test laboratory with 
wonderful hydraulically operated 
vibration test equipment.  This laboratory 
testing could have revealed the effect of 
the anti-roll bar on the Prototype train had 
on the ride comfort.  For example; a 
laboratory test would have shown that 
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when the bogie was vibrated vertically 
around 10 cycles a second, it would cause 
very little vertical force to come through 
the airspring suspension.  However the 
same vibration could have shown that 
large vertical forces would be generated 
by the inertial effects coming from the 
anti-roll bar.  After such laboratory tests 
the dynamic effect of inertia of the links 
could have been inserted and used to 
predict the ride comfort more accurately. 
Last time when the research organisation 
had this technical problem, it attracted 
higher level politics.  Put simply, the 
Project could not wait another year as had 
happened with the Experimental train.  
 
 
The improved vertical ride 
modification 
Dr Boocock asked me to provide a 
modification to overcome the poor 
vertical ride comfort in the Prototype train.  
We were told that it had to be done as 
soon as possible with minimum disruption 
to the Project’s schedule.  
With no previous relevant railway 
suspension experience and no 
involvement with the detail design of this 
suspension with its antiroll bar, it was a 
major challenge.  I knew that by making 
this modification, there might have been 
cause to place blame on me.  

There were about 30 such articulated 
suspensions made or being made for the 
three Prototype trains.  If they had to be 
changes made to the suspensions the 
cost and delay implications might have 
been large. So to ask to redesign the anti-
roll bar so that it and all the other links 
were dynamically balanced would have 
been right for the Fleet trains but 
unacceptable at this critical time.  
We chose to improve the airspring 
performance.  My contract draughtsman 
drew out an excellent redesign which 
made it much softer and it improved the 
damping.  It consisted of extra parts which 
were fitted into the carriages and the 
change was almost invisible.  It was low 
cost and caused about a month’s delay to 
the overall schedule.  The Commissioning 
Team decided that this change had made 
the ride comfort sufficiently better.  
If there had been a development team 
then the right instrumentation, such as the 
Jacobmeter, would have been used to 
measure the ride comfort improvement.  
 
 
The tool to measure ride 
comfort
When in the Prototype’s cabin with a 
driver, it was an exhilarating, beautiful and 
a wonderful experience weaving our way 
on the curvaceous route through the 
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mountains between Scotland and 
England.  For me it was an emotional 
journey, being a bit like skiing, riding a 
snowboard or biking fast downhill, as 
illustrated by the cover picture.  I grew in 
confidence from the experience, believing 
we were blazing a new future for railways.  
When the train was driven at 160 mph on 
straight track, I did not feel any significant 
deterioration of the ride at this speed.  
This experience would have given the 
drivers confidence at such speeds.  
During commissioning, the train was 
occasionally required to catch up from 
delays so as to reduce disruption on the 
busy WCML.  
Dr Boocock had specified the ride 
comfort for seated passengers at 150 
mph, which is a further 20% faster than the 
top advisory speed.  The standard ride 
comfort at this speed were specified as 
0.02 and 0.03 m/s2 laterally and vertically 
when measured in terms of weighted root 
mean squared (r.m.s.) respectively. 
The Commissioning Team’s role was to 
make sure that they were aware of all the 
standards and then do the test to 
determine whether the train was 
compliant.  Most standards, like the ride 
comfort standard, were known at the start 
of the design process.  Extra standards 
had been self-generated as we were 
designing the innovative features, such as 
the tilt reliability standard.  In addition 
some new ones were needed as a result 
of having gained experience of doing the 

commissioning tests, such as for the ride 
comfort for standing passengers.  
For more than a century railways round 
the world had been grappling with the 
technical problem of designing a ride 
comfort meter that was fit for purpose and 
reflected properly how humans felt from 
being vibrated in public transport.  We 
provided just such an instrument, see 
figure 6, and it was ready for use before 
the train was tested for ride standard.  This 
was called the Jacobmeter and was used 
to form a standard normal train services 
around Derby.  It worked for public bus 
services, cars and could have been used 
for making comparisons over a full range 
of alternative trains.  
The Jacobmeter could have provided;
a)information that showed how the 
Prototype’s ride comfort vertically and 
laterally compared the conventional 
trains at their different speeds on the 
West Coast Main Line (WCML).  For 
example; was the Prototype ride 
comfort 10% better at its speed 
compared to what passengers were 
currently experiencing?  
b)information that showed how the 
Prototype’s ride comfort vertically and 
laterally compared to the pre-set 
Boocock standard while on the WCML 
at the advisory speed.  
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c)information that showed how the 
vertical ride comfort, after the airspring 
modification compared to the 
performance before the change was 
made.  “Was it better by 5% or what?” 
d)information that showed how the 
lateral ride comfort compared to tilt 
“off” condition (i) when the tilt system 
was turned “on” whilst on straight track.  
Information about how it compared, on 
curvaceous routes, to the first tilt 
control system (ii) the precedence 
control modification, and (iii) by the 
Research organisation’s modification 
supposedly aimed to overcome travel 
sickness.  
e)information that showed how the 
Prototype ride comfort compared to 
the modified Experimental train ride 
both vertically and laterally in like for 
like conditions.  
It was frustrating to me when the CM&EE’s 
instrumentation management rejected the 
use of the Jacobmeter on the grounds his 
staff were not trained to use it.  This 
manager told me that the Boocock 
standard should have been replaced by 
counting how often peak accelerations 
exceeded preset levels and he claimed 
that he was about to design a meter to do 
peak counting.  The Jacobmeter was not 
used on the Prototype train for 
commissioning tests and there was no 

confirmation as to whether it met the 
Boocock standard.  As a consequence the 
Commissioning Team became the 
arbitrator of the ride comfort based on 
their subjective opinion. 
The Project Manager again asked us to do 
a development to make the vertical ride 
better.  Again there was no suitable 
measurements available.  We designed 
inter-vehicular dampers for the articulated 
suspensions.  The Commissioning Team 
decided that the ride comfort was good 
enough.  We felt pleased to have risen to 
the occasion, but without measurements 
our general feelings of insecurity grew.  
 
 
In summary
In the language of Railnews6, the in-house 
newspaper; the vertical ride was a 
problem which had invalidated the 
technical correctness of the Experimental 
and Prototype trains on their first outings.  
This problem had been encounter, was not 
resolved nor rectified sufficient to have 
demonstrated that it met Fleet 
requirements.  There was a serious 
misconception about the measurement of 
rider comfort There was a misconception 
about the links and their deteriorating 
effect of ride comfort.  



6“Railnews, the official monthly newspaper of British Rail, 222 Marylebone Road, London 
NW1 6JJ”  November 1980 issue
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It was due to the cover-up and the failure 
to learn the lesson from the Experimental 
train that led the designers of the 
Prototype to repeat the poor vertical ride.  
The ride was improved and subjectively 
considered to have become satisfactory to 
the Commissioning Team.  The Project 
had failed to insist on a demonstration to 
check whether it was compliant to the ride 
standard as had been established for the 
Prototype and Fleet of trains.  
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In preface
After the cover-up of the poor vertical ride 
and a year of commissioning the 
Prototype, a skirmish was launched.  It 
damaged the Project’s reputation.  
Our erstwhile colleagues who had 
remained in the Research organisation 
claimed that the Prototype might hit other 
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of this small Project within the large BR 
corporate culture.   
 
 
The stage was set
In 1981 shortly before the entry into 
service, Dr Boocock told me to represent 
the Project at an European railway 
conference together with a representative 
the CM&EE’s organisation, the late Dick 
Ribbons.  I had been told that he was one 
of the men that made HST a success.  It 
was hard to know what Dr Boocock’s boss, 
the CM&EE, knew about the Prototype.  
He summarised his point of view in 
RailNews7.  “APT is a prime example of the 
collaboration between the Research and 
the CM&EE departments, and a tribute to 
all concerned.  I am confident that the 
squadron service will fulfil customer 
expectations and keep BR in the forefront 
of high quality inner-city travel.”  
I respected Dr Boocock with his detailed 
knowledge of the Prototype which had 
been gained over his decade working on 
the Project.  I did just as he had ordered 
me to do but it was likely he had been 
ordered to do it.  
Before setting off for the meeting I had 
been told that I should be prepared to 
give a presentation about the Prototype 



7 “Railnews, the official monthly newspaper of British Rail, 222 Marylebone Road, London 
NW1 6JJ”  November 1980 issue
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train’s tilt and the train's track forces on 
curves.  I looked forward to the 
opportunity to meet with my professional 
peers.  
 
 
The trap
At the conference Ribbons warned me 
that he had been told to ask me this 
question in the meeting, “Could one 
Prototype train hit another coming in the 
opposite direction in an extreme situation; 
and more precisely could it possibly 
infringe the loading gauge when tilt fails 
hard over?”  At that moment I guessed 
that the question would not have 
originated from the CM&EE staff but in 
conspiracy with the Research 
organisation. 
The Research organisation knew that, 
when a Experimental carriage’s tilt failed, 
it would fall over one side or the other.  In 
this hard over failure mode it was went to 
9 degrees, and might be marginally out of 
gauge, see figure 7.  Before going to the 
conference I had seen this drawing and 
been told that it had been done by the 
Research organisation.  Each carriage and 
the powers cars were expected to fall 
about once a year and once fallen 
carriages could occupy a space a little bit 
larger than the conventional train until the 
train was back in the depot.  I had 
understood that HM Inspector of Railways 
was aware of it and had concluded that 

there was insufficient reason to stop the 
Experimental train from operating.  
These Research scientists knew that in the 
event of a Prototype carriage failing, the 
tilt had a linkage that ensured that the 
carriage would fall upright; not hard over.  
In the upright condition it was obvious 
that it could not have been out of gauge. 
It could not become a risk to other 
oncoming trains.  The Prototype tilt 
linkage was like a playground seesaw that 
falls to horizontal and not like a hinged 
one with an end up and the other down.  
If both tilt control servo-valves failed on 
the same day in the same carriage, it 
could not make a Prototype carriage go 
hard over, but it would fall to upright by 
itself  
The presentation about the Prototype 
train went well until Ribbons asked the 
question in front of the audience.  When I 
heard the question, it hit me as being 
filled with malice, but the person putting it 
forward was not saying it willingly.  The 
issue was irrelevant to the audience of this 
international railway conference, but I was 
confident that with a senior person 
answering directly to the CM&EE at my 
side, I would not be allow me to obscure 
or brush the question aside.  To say “NO” 
and go into open conflict would have 
exposed the deceit that lay deep within 
BR.  Some European railways would have 
been politically aware that within BR there 
were many staff determined to conserve 
the status quo.  If I said “YES” it would be 
minuted and might go to top BR people, 
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who could terminate the Project.  But at 
this moment, I had to answer.  
 
 
The answer 
Stood there at the conference with my 
words being translated into five 
languages, I felt that my situation could 
only have been contrived through political 
co-operation at high level between the 
Research Organisation and the CM&EE.  
In the conference, I was well aware of the 
damage to the Project that my answer 
could do.  I might find myself saying “YES” 
which was what the BR staff who were 
frightened of change would have wanted 
me to say.  For example some design staff 
from within the CM&EE organisation had 
attacked me verbally at lunchtimes in the 
works canteen.  In addition, some staff in 
the Research organisation had expressed 
their resentment about their signature and 
most successful achievement being taken 
from them.  
When it came to taking the decision, I 
knew there was no arguing my case and 
my answer might be “used” to facilitate 
killing off the Project (my baby, BR’s icon 
of change).  There was only one truthful 
answer.  To my extreme frustration, I had 
to answer, “Yes, if it were hard over”. I tried 
to say it as though it was minor fact of low 
importance.  

The Prototype train was in fact completely 
satisfactorily within the C1 profile loading 
gauge because it did not fall hard over 
and it would always fall upright.  David 
Halfpenny and I had been responsible for 
the tilt uprighting and as it happens for 
the Prototype being made small enough 
so that it fitted within the loading gauge.  
Our report had shown that it was always 
correctly in gauge.  
If at that time I had been aware of an 
alternative job, I would have been 
interested in leaving BR.  
 
 
In summary
Those above the Project in BR opposed to 
the Prototype used the minutes of the 
international railways meeting to prove 
that I had failed to make the Prototype 
train comply to the loading gauge.  With 
this misconception established there was 
a risk that the train would have been 
declared to be unfit to operate on BR.  
Shortly after this event Dick Ribbons had 
told me that his happiest time was when 
he was at my much lower level in 
engineering and that he was currently less 
satisfied in his current management job.  
Years later, after his funeral, his wife kindly 
told me what a favourite person I had 
been to her husband.  I imagined that he 
would have liked to tell me this himself in 
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respect of this loading gauge matter.  I 
had liked him and bear no resentment.  
This skirmish could have been seen as an 
outstanding success for those who had 
conspired together to discredit the 
Prototype train.
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A sortie
My boss, Dr Boocock, hardly ever gave 
me orders, so my suspicion was again 
raised when he told me to go to a 
meeting with a senior research scientist 
on the Prototype train.  I presumed that 
the meeting had been authorised by 
those above the Project.  As it was just 
before the Prototype train was expected 
to be entered service, I naturally did not 
want to be associated with any hair-brain 
idea just.  Reluctantly I did what I was told 
to do.  
If this senior research scientist had hoped 
to expose a fault with the tilt system, I felt 
confident that he would find it was as near 
perfect as possible.  If the tilt performance 
was fully demonstrated, then I expected 
him to wonder or even delight at its 
excellence.  In my misplaced optimism, I 
had hoped that I had been chosen 
because of my long standing experience 
at representing the Project and my 
specialised expertise with tilt.  I felt that no 
one knew more that I did about tilting.  
When both of us from the Railway 
Technical Center, Derby, met each other 
as planned on a platform at Euston 
Station, he immediately talked down to 
me. He told me that he had no interest in 
listening to me or my opinions about tilt, 
but he wanted both of us to listen to 
advice from his selected two experts who 
were about to join us.  This senior 
research scientist said the meeting had 
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been arranged at high level to discuss his 
new hypothesis.  His proposal had official 
backing. 
In this way I became aware that he had 
protected his senior status, and his 
unalloyed enthusiasm for what was to 
follow.  My heart was sinking when he 
went on to tell me that he proposed to 
modify the Prototype’s tilt system so that 
passengers would feel unbalanced on 
curves.  According to his hypothesis, some 
unbalance was needed to prevent 
passengers from being travel sick.  This 
implied to me that he wanted his chosen 
guests to endorse his “scientific 
approach”.  I was being used, again.  I felt 
fearful.  It was like the first sighting of a 
coming pirate’s assault on the highly 
vulnerable Project.  
The two guests from Farnborough joined 
us on the platform on time and we four 
were ready to embark.  However the 
Prototype train did not arrive on time.  We 
waited awkwardly and filled in the time 
with small talk.  The Prototype train had 
had a poor time keeping reputation and 
when it arrived at the platform, it was 
substantially late.  The train’s lateness had 
already caused disruption to the dense 
traffic coming south along the WCML.  
Originally the plan was to have a large 
gap ahead for the Prototype train so as to 
enable it to travel about 20% faster than 
other trains going north.  Before the 
Prototype was ready to depart a number 
of revenue earning passenger trains, 

which had been planned to follow our 
train out of Euston Station, had instead 
departed ahead of us.  To overtake a 
queue of slower traffic is much easier 
done on a motorway than it is on a railway 
track!  I noticed that the Proposer’s 
opportunity to go fast had gone.  The 
signalling system would prevent the train 
catching up the train ahead of it. 
After ten minutes of our leaving Euston 
Station, the Proposer quietly asked me to 
give him guidance on whether the tilt had 
been working or not, see figure 9.  
We were in this queue with conventional 
passenger trains ahead kept apart by 2 
minutes or more.  That meant that we 
were at the back of a number of trains and 
going at the same speed.  The passengers 
in the trains ahead would have 
experienced no unbalance on straight 
track and little or none on the curves 
because the railway track was canted on 
curves.  This was done by having the outer 
rail higher (up to 41/2 inches which is 41/2 
degrees) than the inner rail on curves.  
The Proposer had presented his 
hypothesis to the aeronautical experts 
while we sat comfortably in the perfectly 
tilted carriage, with no unbalanced.  Not a 
drop of tea or coffee moved, no spills 
occurred as the train was smoothly 
guided round the curves. 
The Proposer had commented on the 
view out of the windows pointing out the 
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small movements of the horizon.  The 
Prototype’s windows came low down and 
it allowed seated passengers to watch the 
ground close to them passing quickly.  An 
uncomfortable view but the meeting was 
even more uncomfortable because of its 
potential implications.  Everything about 
the meeting left me doubting that the 
Proposer had understood tilt and the risks 
involved with his proposed modification. 
At the time I thought his idea risked 
wrecking the train.  I recognised that the 
Proposer must have had permission from 
people so high up in BR, that I would 
never meet them.  I recognised that this 
put him in a position to damage my 
reputation irreparably.  
With no impudence, I quietly assured the 
Proposer that tilt had been switched on 
and was working! 
Conversations politely assumed that all 
had understood the finer points about 
ride comfort, tilt, cant, unbalance (referred 
to as side slip and cant deficiency).  There 
had been no text about this proposal to 
change the tilt system on which to base a 
discussion.  For the Proposer to make a 
decision on behalf of BR about changing 
the tilt just before going into public 
service, was a horrific thought to me.  
There was no one there to input caution; 
no experienced railway staff’s point of 
view to consider.  The discussion had 
been driven by this single minded 
advocate.  All we could do was to return 

to small-talk and the Proposer soon tired 
of it.  
The Proposer asked directly whether his 
proposal to modify the tilt system might 
effect a reduction of travel sickness.  The 
guests politely by-passed the question.  
When pressed again one commented that 
something to the effect that “if it was really 
important for BR to know the answer then 
the only way to find a robust answer might 
be to try it out and ask passengers for 
their opinion”.  It seemed that this was 
important to the Proposer.  He ended the 
meeting and asked for the train to be 
stopped for us to depart at the next 
convenient station.  I travelled home alone 
knowing that I had been careful.  I had 
made no adverse comment about his new 
idea.  I had said nothing in support of his 
proposal which he might use later in an 
audience of those in authority far above 
me.  
As designers of the train we did not own 
the train.  Our ownership of the creativity 
was important when the Project was being 
conceived and had taken form.  The 
manufacturers could not make the parts 
without having our finished drawings.  We 
were not in the party, when those in 
authority discussed the launch nor were 
we there when the train was being shown 
to the world.  
It was horrific and almost unimaginable to 
me that those in authority at the top of BR, 
who I had looked to provide sound 
direction to the Project, might fall for this 
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misconception about the need for the 
change to improve the ride comfort.  
There was also a misconception about the 
effect that the modification would have on 
the fare paying passengers.  The 
modification resulted in such bad ride that 
passengers complained of travel sickness. 
 
Misleading evidence
There was evidence dating back to the 
early operation of the Experimental train.  
The Proposer was one of the Research 
staff that had experienced the 
Experimental train ride both before and 
after having had its tilt system modified to 
reduce the range of tilt angle from +/-9 
degrees to +/-6.  This had happened 
about a decade ago but I did not 
remember anyone having commented on 
the modification having being beneficial 
to the Experimental train’s ride comfort.  
However the Experimental train may have 
genuinely seemed to the Proposer as 
being more likely to cause travel sickness 
before it had been modified, compared 
with later after when it had been modified.  
It seemed logical to me that the Proposer 
might have imagined that he felt better 
after the modification, just because he 
knew the train had been unsafe and might 
have derailed at any time but was 
afterwards much safer.  In addition the 
track varies in its roughness making it 
hard to be confident in one’s subjective 

judgement about the level of ride comfort 
from one day to the next.  Subjective 
opinion is known to be unreliable 
especially for small differences.  
The risk of derailment had been validated 
by a slow speed test on the Research track 
which confirmed that the Experimental 
train’s hydraulic tilt pack could force the 
articulated suspension to derail.  
A carriage to fall over would be expected 
to fall over about once a year and any one 
of these failures would  the train at risk of 
this type of derailment until it had been 
uprighted at a depot.  To make the train 
safe enough for experimental use, the 
Research organisation had modified the 
tilt system to reduce the maximum tilt 
angle.  
This modification was not done to reduce 
travel sickness; it had to be done solely 
for safety.  This flaw in the suspension 
design had been repeated in the draft 
Prototype suspension draft drawings that 
there were presented to the first review.  I 
had no responsibility for the suspension 
drawings but the draft designs were 
changed immediately and they were 
resubmitted to the review.  
I was the person that discovered this 
design flaw in the Experimental 
suspension when checking for the making 
the new tilt designs for the Prototype.  At 
the time it might have been 
uncomfortable for some senior scientific 
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research staff to recognise their mistake.  I 
was not thanked for finding it and did not 
know if it had been covered up from 
those in authority above the Project. 
This safety flaw in the design of the 
Experimental train had been known about 
and if it been properly understood by 
those directing the Project then they 
should have remembered when it came to 
the design of the Prototype train.  If they 
had remembered then they would have 
been better equipped to ask about the 
claim that the research generated 
modification was based on something 
more than a guess.  It might have been 
based on political ambitions. Checking on 
what the proposal had been based should 
have been part of their duty of care.  If 
they had, then they should have 
determined that the proposed 
modification was based on misleading 
evidence.  
 
 
The travel sickness myth
Talk about travel sickness on the railways 
was usually confined to times when 
passengers had been unwell.  The phrase 
was not used about the Prototype train.  
During commissioning the train did a 
large amount of going up and down the 
West Coast Main Line without any thought 
of travel sickness.  

After the vertical ride had been improved 
as described in chapter 1, and still early 
on in the commissioning, the staff and 
their families were invited to enjoyed a 
day’s experience of the Prototype train.  
The train was on-time Crewe station and 
we went on the WCML.  For me, my wife 
and our two sons, it was delightful.  It was 
one of my happiest days in BR.  The ride 
comfort and tilt performance were praised 
and of course no one was travel sick.  
For months on end the dedicated CM&EE 
instrumentation specialists and 
Commissioning Team nearly lived on the 
job.  There was just one known case of 
someone feeling unwell.  Afterwards, this 
man was carefully interviewed by me to 
see if there was anything to learn from his 
having felt unwell.  He told me that he had 
been working in an uncomfortable 
position, below a table for hours, doing 
some instrumentation wiring, while the 
train continued to be tested.  He told me 
that he had not vomited.  He concluded 
saying that he might well have felt just as 
ill, had he not come to work but been 
resting at home.  He added that the ride 
had been good.  No one else had 
experienced any feeling of travel sickness 
that day or any other day.  So I concluded 
that the train did not have a travel sickness 
problem.  
After about a year of operating the train, 
the Commissioning Team found a way to 
make the ride bad for passengers.  



Chapter 3

The assault

Page 32

Carriages had be designed to upright if 
the train over speed round curves at 30% 
or more than its advisory speed.  
The bad ride occurred only when a 
carriage had come upright and the train 
had continued at it’s fast speed, i.e. about 
20% above what the speed for 
conventional trains.  
Uprighted carriages was a safety warning 
that indicating that it had been within 16% 
over the train’s overturning speed.  This 
was a final warning about the severe risk 
of the train overturning and not to be 
overlooked.  It should have been dealt 
with in a similar manner to a Signal being 
Passed At Danger (SPAD) and because it 
was at a severe risk of collision.  The 
Prototype train should have been 
confined to the depot, at least, until the 
hazardous event had been properly 
investigated to the satisfaction of the HM 
Inspector of Railways.  
During commissioning the number and 
duration of these carriages being 
uprighted and so bad ride events had 
been enough for the Commissioning 
Team to have worked out that they 
wanted to make the ride less bad in the 
uprighted carriages.  As a result of their 
experiences, the Commissioning Team 
demanded that a ratchet device be 
designed and fitted to reduce the level of 
discomfort.  We, in design, had not known 
how those in authority had reacted to this 
extra delay to launching the train service 
but we certainly doubted that they 

properly understood the flimsy reasoning 
of the Commissioning Team’s demand.  
This ratchet system modification was done 
to the suspensions quickly before the train 
went into service. 
It should have been important to the HM 
Inspector of Railways that this last resort 
safety device called the “Safety Warning 
System” had been commissioned had 
demonstrated its compliance to the 
standards.  
If a number of carriages had ever 
inadvertently come upright in a day, then 
it would have indicated reckless over 
speeding had taken place.  
There were substantial risks to modifying 
the tilt system. 
During commissioning, the designers 
were informed on a-need-to-know basis.  
For example, when I left for the training 
course prior to the launch, I did not know 
whether HM Inspector of Railways was 
content that the Safety Warning System 
had been commissioned properly. 
The crucial safety issue was that having 
had these severe overspeed experience 
in commissioning, it did not mean that the 
train should be allowed to do the same 
amount of over speeding in public service  
even if ordered to catch up on a timetable 
when in public services.  



Chapter 3

The assault

Page 33

The person responsible for declaring that 
the train was ready for public service 
should have known that, 
•when carriages were uprighted it was 
indicating that the train should be 
confined to the speed to the normal 
line speed for non-tilting trains for the 
rest of the day; and only then would 
the ride return to be good.  
•uprighting of carriages had happened 
in commissioning only after the train 
had been close to the train speed at 
which the train would overturn. 
•if the warning of uprighted of 
carriages was ignored, it could result in 
travel sickness and an increased risk of 
overturning.  
•If tilt system was modified or been 
damaged then it could become 
unbalanced and the carriages could be 
uprighted.  Hence the modification 
could result in bad riding in uprighted 
carriages. 
•If these two things (train overspeed and 
tilt modification) happened together 
then the chance of carriages being 
uprighted would have been greatly 
increased.  The newly appointed man-
in-charge was in the right position to 
make sure that these two factors were 
well managed so that there was no 

uprighted carriages giving bade ride 
comfort.  
 
 
In summary
The Research organisation demonstrated 
its confidence by telling those in authority 
above the Project what to do with the 
Prototype train.  A senior research scientist 
had a proposal which was said to be 
capable of overcoming what he claimed 
was a travel sickness problem.  This man 
replaced the long standing Project 
Manager and when put in-charge had the 
opportunity to prove that his proposal was 
right.  At this point of time, this assault 
could have been seen as an outstanding 
achievement, with great personal and 
organisational opportunities, but it was 
not without risks.  
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It took the public to tell those at the top 
just what a bad ride the passengers had 
suffered on the Prototype train when it 
was launch into service.  To me it was a 
disaster but to some others this would 
have been seen as a victory reinforcing 
the strength of their case for maintaining 
the old status.
Those in authority above the Project had 
been aware of the commercial concept of 
the Project offering comfort at speeds 
20% faster, together with 33% savings, but 
it seems they had been detached from the 
technical reality.  Their recent decisions 
was evidence of them being under a 
misapprehension concerning tilt.  
Not only was the lateral ride bad, 
passengers had experienced swaying for 
side to side and operating the train like 
this would have been unsafe.  After a few 
days of public service those in authority 
correctly ended it and this action might 
have prevented the train from overturning 
at high speed and with about ten coaches 
having about 70 passenger in eachBR 
might have been faced with many 
fatalities.  
The damage to the reputation of BR from 
the bad ride was large and those at the 
top had lost their icon of change.  For me 
it felt as though, after 9 years of work to 
form the train, my baby had been 
damaged and died in its birth, and all this 
while I was away,.  In absence of an 
investigation it left people to come to 
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their own conclusions8, 9, 10, 11 about what 
went wrong and what lessons were learnt 
to reduce the risk of it being repeated. 
 
 
the launch into public 
services
The media, including the BBC, published 
the disaster.  The ride in uprighted 
carriages was said to have been so bad 
that it made some passengers feel travel 
sick.  Journalist might have been given 
the opportunity to come up with many 
questions such as: “What had changed to 
make bad ride happen in some carriages, 
not once but day after day?”  “Why could 
it not be put right with the available staff?”  
“Had it been less safe for passengers on 
the Prototype train than it would have 
been on a normal non-tilting train?” 
The commissioning of a last minute 
modification to the tilt system before the 
decision to put the train into public 
service was taken should have shown 

them that the ride was bad ride.  However 
if the confidence had been sufficiently 
high, and yet misplaced, then 
commissioning of the modification might 
have been over looked in a rush to 
demonstrate the new leadership’s 
scientific understanding.
 
two remedies
There were two remedies that could have 
ended the uprighting of carriages that 
had caused the bad ride and made it 
ready for the next day in service. 
The first remedy would have been for the 
person in-charge to establish the 
discipline of keeping to the advisory 
speed and not exceeding it even when 
the pressure was on to catch up with the 
published timetable.  
There were consequences from ignoring 
this instruction, not least the train could 
over turn if the centrifugal force is 
sufficient.  The faster the train goes round 
the curve the greater the centrifugal force.  



8 In 2001 BBC reviewed the APT P in an article titled APT - The Lean Machine.

9In 2011 BBC reviewed APT P again.

10In 18th December 2015 TheAPT tilting train It has the strap-line, “The laughing stock that 
changed the world” and was written by Justin Parkinson.  The BBC News Magazine 

11 On Tuesday 22nd May 2018 The television programme titled “Intercity 125: the Train 
That Saved Britain’s Railways” on Channel 5 
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There was an advisory speed for every 
curve.  It was continuously shown to the 
driver in the cabin.  For example on one 
curve it might advise 100 mph in the cab.  
If that curve was taken at 50% faster i.e. at 
150 mph the train would be expected to 
overturn.  Also a severe warning of 
overspeeding on such a curve would trip 
carriages upright if it was 30% faster than 
the advisory speed, that was at 130 mph.  
To go 30% overspeed on a curve was 
considered to be a severe overspeed and 
unacceptable in practice. 
The train had a safety barrier to make sure 
the speed was properly adhered to 
properly.  Over speeding round curves 
above the 30% speed was expected to 
have been treated like a Signal being 
Passing At Danger (SPAD).  This excessive 
speed would result in the passengers 
feeling unbalanced due to the centrifugal 
force on them and so carriages were 
automatically uprighted by the Safety 
Warning System to create a warning 
barrier before overturning. 
The second remedy to prevent this 
carriage uprighting would have been for 
the person-in-charge, or if needed the 
ones above him, to remove anything that 
had damaged the tilt system.  The 
proposed modification would have 
damaged the tilt system and cause 
carriages to be unbalanced and this could 
result in an automatic uprighting of 
carriages.  When a carriage had 
uprighted, it would only provide comfort 
if the train was slowed down and 

operated like a conventional non-tilt train 
speed for the rest of the day.
If both the speed exceeded the advisory 
speed, and also extra unbalance had 
been imposed by the modification, were 
combine together then the chance of 
carriages having sufficient unbalance to 
become upright could become likely.  
That would explain why passengers had 
rejected riding in uprighted carriage.  
The new man in-charge might have 
involved himself in managing both of 
these causes.  
However, the new man in-charge had 
previously had difficulty in knowing 
whether the carriage was tilted or had 
uprighted.  In addition during that fateful 
journey, he had been unconcerned that 
there would be adverse consequences 
arising from his proposed modification.  It 
occurred to me that he might not have 
taken adequate interest in the Safety 
Warning System.  So these two remedies, 
one to keep to the advisory speed limit 
and the other was to remove or reduce 
the unbalance that his modification had 
contributed, may not have been known to 
those who should have implemented 
them and they were not implemented 
before the public service had come into 
disrepute.  
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two contributory top 
decisions 
In December 1981, instead of displaying 
BR as a high quality organisation focussed 
on getting it right first time for the 
customer, it had demonstrated the 
epitome of bad quality.  As seen from the 
point of view of a designer who never met 
any top people there were many 
decisions that appeared foolish.  Here are 
two of the decisions that I felt contributed 
to the failure.  
The most important decision taken by 
those in authority gave control of the 
Project away.  The disaster that followed 
was the consequence of a set of three 
decisions, taken just before the launch of 
the train into public service.  
The key event was first visible to me when 
a senior research scientist sat opposite me 
explained his hypothesis using pseudo-
science.  Soon afterwards this explanation 
would have been proposed to the top 
decision makers.  I can imagine that it 
would have sounded complex as it 
appeared to be founded on the sort of 
science which might have made them feel 
insecure.  This might have led them to 
think that the Prototype had to be 
changed to avoid travel sickness and 
needed to do it before going into public 
service.  This conviction might have 
pushed them into taking three decisions:  

(1). to replace the Project Manger, Dr 
Boocock, 
(2). to send the head of Mechanical 
Design, myself, away for three months and
(3). to accept the modification to prevent 
travel sickness as proposed by this senior 
scientific researcher.  
As seen by me, these three decisions 
taken together cleared the way for the 
proposer of the modification to gain 
control of the train.  This decision, by 
those in authority above the Project, had 
the potential to make this senior research 
scientist with his rescue plan look a hero 
or make BR appear foolish.  
The details of what happened was like 
this: the Safety Warning System had 
operated properly by tripping carriages 
upright whenever there had been severe 
unbalance in carriages.  Following the 
modification and desire to be on time, 
someone in-charge allowed or made the 
decision to ignore the Safety Warning 
System.  This decision would have 
resulted in bad ride.  The Prototype’s 
public service was ended none too soon 
because the bad ride indicated that there 
was a higher risk of the train overturning.  
If, in an attempt to demonstrate that the 
new service, the safety had been ignore 
and the train had gone faster than advised 
speed as shown in the cabin to the driver 
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at the time on the first day; then on the 
next day it might have gone a bit faster 
still, and it would have increased the risk 
of overturning the train on the next day.  
Whenever there had been bad ride then 
the Safety Warning System would have 
been ignored.  If they had continued to 
ignore the Safety Warning System then it 
could have ended in a Titanic type of 
disaster.  
It seemed as though those in charge had 
a misconception about the Prototype’s 
safety and in particular the risk of tilting 
trains overturning on curves.  If the train 
had overturned then there would have 
been an investigation.  Then all the 
misconceptions and contributory causes 
to the accident would have been 
revealed.  
In addition to their misconception of the 
effect of the modification, they appeared 
to have had an inappropriate hope in 
proposer’s ability.  They seemed to have 
had a misconception about the man’s 
competence to advise them, to be in-
charge of the train and to recover the 
Project if his modification was a failure.  
It appeared at the time that those 
directing the Project had a misconception 
about the Research organisation’s 
cooperation with the Project especially 
when the train needed to be developed. 

 
The second most important decision 
taken by those in authority contributed to 
the Project loosing its direction.  
Those in authority lost control when they 
neglected to direct the Project to deliver a 
train that provided a comfort ride.  For 
example they did not direct the Project to 
provide a train that was demonstrably 
better than the current rail service 
operating on the West Coast Main Line 
(WCML) when operating at the correct 
speeds.  
This lack of direction was compounded 
when they delegated control of the 
Project without taking due care of what 
the ride comfort would be after a 
modification to the tilt system had been 
carried out.  
Those in authority could have decided the 
modification could only be adopted if 
(a). the ride comfort on the Prototype had 
been measured and demonstrated to be 
5%, or more, below the current railway 
service at their respective speeds on the 
same track and 
(b). the modification had been 
demonstrated to improve the Prototype 
train’s ride comfort by 5% or more (by 
comparing the before and after tests 
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when carried out at the same place and 
speed). 
In absence of setting the direction, it 
contributed to them being given the ride 
that took them by surprise and made 
them suffer public humiliation.  
I had expected those who had reached to 
top to have been aware of the means of 
managing complicated work.  My 
management experience had indicated to 
focus on the end result is especially useful 
when one needs to direct people (or 
contract out work) to do something that 
one could not do for oneself.  As an 
illustration of this principle, the public 
were rarely put off buying expensive 
electronic equipment because they did 
not understand the programming that 
made the equipment work.  Such 
customers would feel empowered so long 
as they could decide whether the 
performance was a success for them and 
whether they could get their money back 
if it does not perform.  If not then it was 
unwise to make the purchase.  
As a designer who had explained his work 
like a salesman, the commercial issues 
and technical features to hundreds of 
people on behalf of BR were made simple 
by focussing on the end result.  It would 
have been pleasant for me to tell others 
just how to use objective measurements 
to direct and control the Project.  They 
might have come to learn what an 
achievement the train with its innovative 
features represented.  For example I 

would have loved to tell them how we had 
designed and commissioned the new 
portable ride comfort instrument.  
 
 
shifting the blame
The newly appointed man in-charge of 
the Prototype train might have wondered 
why such bad luck had fallen on him.  The 
train had worked well and had given 
good ride comfort in the past but within a 
couple of month of becoming in-charge 
of the train, it had failed him; just when it 
mattered most to his future.  As it had 
turned out the press were not asking how 
he had rescued the train from the 
Commissioning Team’s anxiety or how his 
a new scientific hypothesis had been 
given vital insight and how it contributed 
to making the ride so good; he had not 
even been asked how the tilt worked so 
well and had given an amazing ride for 
seated and standing passengers.  
The immediate issue had been that the 
Prototype train had shown a poor ability 
to keep to the timetable and as the man 
in-charge he could be asked to give an 
explanation.  At the launch it may have 
seemed that the world was interested in 
learning how fast the driver could let it go.  
Uppermost in many peoples’ minds was 
question. “Would the train be fast enough 
to arrive at the destination on time?”  
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Many people knew that the train had 
already done speeds well far above the 
advisory speed limit during 
commissioning.  
The drivers would be reluctant to take the 
blame for the train failing to arrive on 
time.  They may have been informed by 
the the man in-charge, how the 
modification would make carriages 
unbalanced.  But the drivers might not 
have been told that the modification 
would have significantly reduced the 
amount of overspeed before the carriages 
would upright.  So the speeds that had 
been achieved without uprighting 
carriages in commissioning could no 
longer be done post-modification without 
the Safety Warning System detecting the 
unbalance, trigging the tilt systems to turn 
off and so uprighting carriages.  
If the drivers had been told to keep 
exactly within the advisory speed limit 
then the man in-charge might have be 
criticised.  It would have needed a strong 
honest man to tell the passengers the real 
truth about the bad ride and what had 
caused it.  It might have been hard for the 
man in-charge with limited experience 
and with a small amount of familiarity with 
this tilt system to know that his 
modification could caused it and to put 
safety ahead of being on-time; unless he 
had received guidance from those who 
had appointed him.  To express the 
question simply, “Should the man in-
charge been told to ignore the Safety 
Warning System when attempting to 
arrive on time?”  In retrospect it was also 

especially important on its first public 
service to be safe just as it had been for 
the Titanic on its first journey with fare 
paying passengers.  
When something goes wrong, those in a 
powerful role are often in a good place to 
be disingenuous in the aftermath and 
relocate the responsibility on to someone 
else lower down and less able to defend 
themselves. 
As an illustration of the technique, a train 
driver might be blamed for a train arriving 
late at a station one day and the next day 
be blamed posthumously for having over-
sped and caused a SPAD and so a 
collision.  
While I was away for 12 weeks, my 
reputation was being blamed.  The public 
and staff were led to blame the tilt system 
for being unreliable and causing bad ride.  
This misconception about the reliability of 
the tilt system became established and as 
a result those who had passionately 
admired the Prototype Advanced 
Passenger Train found that they too could 
blame me.  
 
 
missed opportunity to 
correct the fault
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After the first day’s service the Prototype 
Train entered the depot with uprighted 
carriages. The depot staff would have 
been expected to explain how the bad 
ride had been caused by the tilt system 
failing.  I am sure that none of the tilt 
systems in the train had failed but the 
depot staff may have been under pressure 
to put the fault right so that next day it 
would work properly.  The Safety Warning 
Systems having triggered carriages to 
upright would automatically be reset at 
the depot. So tilt systems that had been 
shut down by the Safety Warning System 
on the day before, would come out of the 
depot with them all switched on and 
working.  This is how it was designed to 
work, but as I was not there, and can only 
guess at the bewildered surprise when 
they noticed that all the tilt systems 
worked again.  If next day the carriages 
had suffered from severe unbalance again 
then the carriages would be uprighted as 
a safety warning sign.
The man in-charge of the train would have 
understood centrifugal force but he had 
made no mention of the risk of 
overturning and the need for a Safety 
Warning System when he discussed his 
modification with the aeronautical experts 
on that fateful journey from Euston station.  
Aeroplane designers have to consider 
stalling of one wing and the Prototype 
train’s Safety Warning System would have 
some safety similarities but the 
opportunity to talk about them was not on 
the proposer’s agenda.  

To my surprise this senior research 
scientist had not been able to tell whether 
carriage that we sat in had its tilt working 
or had it been stopped at the upright 
condition.  
When there was bad ride with passengers 
in the train, one would have expected the 
HM Inspector of Railways to take the 
opportunity to correct the fault by 
ordering that there train be slowed down.  
The HM Inspector of Railways might have 
taken the opportunity to drawn the 
attention of the man in-charge to focus on 
safety and in particular on the Safety 
Warning System that was indicating the 
train’s high risk of overturning.  
After the first day’s experience the new 
man in-charge might have taken the 
opportunity to ask for advice from the 
Commissioning Manager.  The 
Commissioning Manger might have told 
him that the tilt could cause bad ride.  I 
had had occasion to tell a member of the 
Commissioning Team not to cover-up any 
inadvertent severe overspeeding events 
by blaming the tilt system for the 
uprighting a number of carriages on a 
journey.  I suggested that the bad ride 
had instead resulted come from a severe 
over speed event earlier in the day.  The 
Commissioning Manager should have 
understood how severe overspeeding 
caused unbalance and this was detected 
by the Safety Warning System.  This would 
result in upright carriages and so bad 
ride.  
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One would have expected the 
performance of the Safety Warning 
System to have been checked out during 
commissioning to make sure it conformed 
to the tripping standard, set at 30% 
overspeed on curves.  
If I had been present when bad ride was 
first found, then I could have taken the 
opportunity to tell them how to stop the 
bad ride but they had taken the 
precaution to make sure that I could not 
interfere with their research experiment 
being conducted on the first passengers.  
BR had missed the opportunity to operate 
the train at the advisory speed and 
without the modification as it had been for 
months of operating.  If they had taken 
the opportunity, then the passengers 
would have delighted in the tilt system’s 
performance and marvel at its 
achievement just as had passengers for 
the previous months.  Instead BR took the 
opportunity to modify their train and this 
without previously having tested it!  
 
 
Technical 
consequences

The top technical consequence for BR 
arising from having the train’s failure was 
that the future for tilt in BR seemed 
forfeited12.  Without tilt, existing 
curvaceous Victorian railway routes could 
not be used where the speed had to 
compete with car traffic.  When there is 
sufficient demand, then without tilt an HS1 
type of expensive nearly straight routes 
would need to be constructed.  
The decision to put the Prototype into 
public service without having 
commissioned the modified the system 
was technically foolish.  If it had been 
tested before the public launch and the 
bad ride discovered then the immediate 
technical remedy should have been to 
remove the modification and keep to the 
advisory speed.  
The way that it technically failed starts with 
advisory line speed having been set for 
operating speeds up to 9 degrees of tilt.  
When the Prototype train was first being 
commissioned the passengers would be 
balanced and a spirit level on the table 
would show was zero.  Later if the train 
was driven at a speed above the advisory 
speed on curves, then the passengers 
would feel unbalance due to additional 
centrifugal force as a consequence of 
overspeeding.  
If the unbalance felt by passengers in a 
carriage was above the trip level then the 



12 APT tilting train: The laughing stock that changed the world by Justin Parkinson.  BBC 
News Magazine, 18 December 2015. https://www.bbc.co.uk/news/magazine-35061511
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Safety Warning System would trip to 
expose that something was wrong.  The 
consequence of over speeding on curves 
or from the tilt system having been 
damaged by a modification or both 
together would make the carriages to fall 
into the upright position as a safety 
warning.  
The Safety Warning System had been 
deliberately designed so that it prevented 
on-board staff covering up the severe 
overspeeding event by resetting the 
Safety Warning System while in service.  
If someone in authority had stopped a 
Prototype train and lowered the 
pantograph turning off all the electrical 
supplies of the train, and restarted the 
train, the consequence could have been 
seen as a reckless act which was 
attempting to cover up and defeat the 
Safety Warning System having been 
tripped.  
The new man in-charge faced with this 
bad ride and the subsequent travel 
sickness might have thought that he 
should increase the amount of unbalance 
to overcome the problem.  This reaction 
would have been in line with his 
hypothesis, which claimed that unbalance 
would reduce travel sickness.  The 
consequence would have been that more 
carriages would upright and so make his 
problem even worse for him.  

If I had been there I should have told 
them about a simple technical way to 
overcome the tripping of carriages 
upright.  The Prototype train should have 
been made so that the severe warning 
would electrically demand that the driver 
bring the train to stop as soon as 
practicable.  The consequence would 
have been to avoid uprighting carriages 
and the bad ride.  The Project should have 
promoted the need for investigation for 
every severe unbalance of any carriage, 
just as was established for a SPAD. 
 
 
procedurally 
consequences
The consequence of ignoring of safety 
procedures was demonstrated when the 
train went into public service and the ride 
was bad in passenger carriages.  BR was 
appeared to have. displayed their relative 
priorities when the train appeared to put 
running to timetable as more important 
than safety.  The safety procedure should 
had come into force whenever carriages 
had uprighted.  Because there was no 
public investigation into the failure of the 
Prototype train the need for BR to change 
it’s attitude to safety was delayed until the 
investigation into the Clapham Junction 
accident brought BR’s attitude to safety 
into focus.  
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The designers had hoped that the bad 
ride would cause delays and come to the 
notice of the operators and H M Inspector 
of Railways who would treat it like a SPAD 
and then follow the well established 
procedure.  
When the Safety Warning System 
procedure was ignored and the train 
continued at the Prototype’s advisory line 
speed which was about 20% faster than 
conventional speeds, then passengers in 
the uprighted carriages would be 
expected to suffer from the intermittent 
severe swaying and bad ride on curves.  
Put the other way round, if a conventional 
non-tilting train was operated 20% higher 
than its line speed round curves then 
passengers would be expected to feel 
travel sick due to bad ride.  The common 
sense of this procedure was simple and 
should have been obvious to railway staff, 
even to newcomer.  
So due to the overlooking of the 
procedure, the passengers endured bad 
ride, the bad ride was repeated day after 
day, the barrier to going ever closer to the 
overturning speeds was defunct.  
 
 
consequences of the 
reviews

During the decade when the design of 
the train was in progress those in authority 
over the Project established two reviews.  I 
was confident that the reviewers would 
have helped those in authority to have 
some answers to questions which they 
might have been asked by those seeking 
to undermine the Project.  I doubted that 
either of the review prevented those at 
the top from feeling insecure because 
those who were against more change 
could still raise more questions to 
undermined their confidence.  If the 
reviews had led to improving the vertical 
communication through the organisation, 
then people like me might have been 
able to build up more trust in those who 
were directing the Project. 
When people like me had represented 
the Project to the public, we reviewed the 
Project and had left the audiences 
confident and proud of the Project.  The 
designers were authentic, our logic was 
sound and we believed that the Project 
was aimed at serving the public’s need for 
an inter city passenger railway operating 
at much lower cost and much shorter 
journey times.  I enjoyed discussing the 
train’s design, but only where the politics 
above me were known to be supportive of 
what I said, both in general and in detail.  
The two official reviews had been given 
the opportunity to undermine the Project.  
We were told that they had been asked to 
reveal what might otherwise become the 
causes of the failure of the Prototype train 
and show up anything that might 
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jeopardised the sound design of the 
Fleets.  
I can not recall any of what, we now can 
recognise as having caused the down fall, 
being on the agenda of the reviews.  I am 
not suggesting that anyone should have 
imagined that the tilt system might be 
sabotaged and the train taken over just 
before the train’s launch.  However the 
reviews could have addressed the poor 
relationships which in absence of 
adequate communication and 
understanding built up and by the time of 
the Prototype being commissioned was 
major contributor to the coming disaster.  
Hindsight like this is sometimes harsh, but 
the consequences of this cultural was 
large.  
Both reviews had great potential to 
reduce the risks that threatened the 
success of the Project at the earliest 
opportunity.  
 
FIRST REVIEW and its consequences
In 1973 the first review looked at the initial 
draft overall designs for the Prototype.  
These designs was based on the 
Experimental train and took it as read that 
there were no unknown flaws.  The review 
could have done more to search out all 
the risks that lay in store for the design of 
the next train and the Fleet of trains to 

follow on.  It takes diligence, technical 
know-how and a large measure of 
imagination, to find all the risks.  In other 
words, it is hard to be certain that no 
hazard has been omitted which could 
become the flaw that ruins the Project.  
 
The reviewers were selected from the 
Project’s senior managers who had been 
responsible for the Experimental train 
while being part of the Research 
organisation, plus their equivalent posts in 
CM&EE.  There was no external 
representative with innovative 
engineering experience and relevant 
knowhow.  In the previous two decades 
British Rail had done little of such work 
and the level of expertise in innovative 
engineering was low, but the new Railway 
Technical Center was intended BR to 
become leaders in this field.  In the past 
there had been some co-operation 
between the CM&EE and the Research 
organisation but the design of the 
Experimental train did not build up 
knowhow about innovations such as in tilt 
or brakes.  
The Experimental train’s suspension had 
been designed in the Research 
organisation before I joined the Project 
andI doused that the Research drawings 
had been shown to the CM&EE design 
offices before sending them to be 
manufactured.  In retrospect, I am not sure 
whether the CM&EE drawing office would 
have spotted that the Experimental train’s 
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swinging arms would spoil the vertical 
ride or that the articulated suspension was 
at extra risk of derailing the train.  In the 
first review they found that tilt should fail 
upright and not hard over as the 
Experimental train had done.  
They would have known that the 
Experimental train had to have its vertical 
ride improved. The Prototype’s articulated 
suspension drawings were tabled for 
discussion at the first review meeting.  I 
did not see these drawings and I was not 
party to the review but it is still hard to 
understand how those round the table did 
not recognise the design of the Prototype 
train’s antiroll bar for the articulated 
suspension was repeating the folly of the 
swinging arms on the first design for the 
Experimental train.
The short fat axle bolts going into the 
blind tapped hole in axles were 
overlooked.  The drawings of the 
compressed air system were overlooked 
and they did notice whether it would work 
in freezing weather.  In retrospect the 
review may have been completed too 
soon, before these crucial aspects had 
been laid out as a drafts.  
 
It was only after the first review had 
finished that brake drawings were begun 
and it was found by the designer that the 
hydrokinetic brake system had to be twice 
as powerful in cooling and twice the 

energy capacity compared to the 
Experimental brake system.  There was no 
more space available nor was there scope 
to increase the weight.  Later we found 
that the Prototype brake control had an 
inadvertent design flaw. 
The first review did not involve, nor lead 
to a recognition of the need for a 
consultancy contract with, Hawker 
Siddelely or other sources of expertise for 
the tilt and brake control system.  
If the purpose of the first review was to be 
supportive of the investment into the 
Prototype train, then it was a success.  The 
CM&EE and the Research members 
pulled together and gave their support 
for the investment.  In doing this they have 
appeared to indicate that the risks that 
they noticed could be managed and that 
the train designs would be so good that 
no development work would be needed.  
In retrospect, this outcome was 
convenient at the time but may have 
covered-up some issues which came to 
haunt the Project. 
For instance, there was no processes for 
checking the performance calculations by 
the Research staff and none for checking 
the drawings by the CM&EE.  The hostility 
grew between the CM&EE, the Project 
and those remained in the Research 
organisation not chosen to go into the 
Project.  Another consequence of the 
review was that the transfer of technology 
from Research to the Project soon came to 
an end.
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A consequence of the first review the 
Prototype had no development team built 
up to solve problems arising from finding 
non-compliances in commissioning.  The 
reviews and those who had set up the 
review should have recognised this as 
warning signs of what was to happen.  
 
An example of the repercussions that 
followed the first review was that we were 
told that there would be no laboratory 
testing for the Prototype brake system 
before going into service.  Testing on the 
Research organisation’s bespoke powerful 
dynamometer with its large flywheels in 
the research laboratory might have 
revealed the flaw and provided the 
remedy but it did not happen due to the 
competitive political situation.  The 
technical detail concerns a solid floating 
plastic ball.  In service it could become 
damaged in the hot brake fluid when the 
water-glycol temperature was above 100 
degrees centigrade.  There were no tests 
to explored how it caused the 
hydrokinetic and friction brakes to drag.  
The second review could have mended 
the fences if it had been sufficiently 
sensitive to the need and to the politics.  
 
SECOND REVIEW and its consequences

The second review started after the 
Prototype designs and parts were 
manufactured.  We were told that this 
review would be searching for any aspect 
that might indicate to the two external 
Consultants that the Project should be 
terminated or where things needed to be 
rectified.  In the event of nothing seeming 
to have needed to be changed on my 
drawings, it led me to wondered if these 
consultant would be asked if the 
investment into the Fleet of train was 
justified.  To make a recommendation on 
that, they would have been interested 
both in designed flaws and even more 
important was it that adequate remedies 
had be achieved to demonstrate that all 
the flaws had been overcome in a way 
that was suitable for Fleets of trains.  The 
lack of a development team was one of 
most important flaws for the Prototype to 
become acceptable and potentially 
valuable for the design of the Fleet. 
These Consultants had a golden 
opportunity to favourably influence the 
chance of Project’s success or failure.  
There was much that I could tell them 
about brakes, tilt and the safety warning 
system! 
I remember hoping to use these 
Consultants to bridge this long standing 
communication gap that I perceived 
existing between to those in authority and 
those at the bottom working on their 
Project.  I was interviewed by one of the 
two Consultants and he took an interest in 
the answers that I gave during the hour or 
so.  I was proud of what had been 
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achieved by my staff and I liked answering 
the Consultant’s factual questions.  I 
loyally volunteered reasons for being 
confident in the Project.  Our innovative 
designs had taken large steps into the 
unknowable and should have been the 
focus of their investigations.  
It would have been disloyal to the Project 
if I had initiated talk of anything about 
weaknesses, especially if what I said had 
given the Consultants ammunition that 
later brought down the Project.  In this 
intimidating process, it was for the 
interrogator to find problems; whereas I 
already knew many unresolved problems 
which I could have given them.  After all I 
had been living with tilt and brakes for 
nearly a decade and some of the 
suspension problems for some years.  
Left with their questions and those 
questions not asked, I remember 
wondering whether the Consultant could 
have come away with insufficient 
understanding from me.  For example; 
these Consultants needed to have gained 
an adequate understanding about the 
ride comfort measurement, the function of 
the Safety Warning System and the lack of 
available a development team to react to 
problems come from when 
commissioning found non-conformances.  
Of course, they might have already have 
understood everything about these issues 
from other sources and didn’t need me to 
tell them about them again.  On the other 
hand they might have thought they knew 
everything, in part because they had been 

unaware of things that they had not asked 
about.  
The Consultant noted things down and 
kept his status.  I was given no information 
about what the Consultants concluded, 
and they did not ask me to comment on 
being interviewed nor about interviews 
that they had conducted with other 
parties.  After some while, it struck me 
these Consultants might have interviewed 
those directing the Project.  This led me to 
wonder whether the Consultants had 
made those in authority aware of all the 
risks and the available remedies available 
to them.  
There were overall things such as 
communication and trust, co-operation 
and lack of a development team that 
might have been highlighted to those in 
authority and there were remedial actions 
that could have been spelt out by these 
Consultants.  In the aftermath of the 
disaster, it opens a question on whether 
they had met their remit.  Did the failures 
occur because those in authority did not 
follow the Consultant’s 
recommendations?  
 
 
missed commercial 
opportunity 
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When the Project was alive, many staff 
worked beyond their working hours 
because they thought that, if the Project 
was successful, it would be highly valued.  
This Project, as with other concepts, 
needed imagination to fully understand it 
and to become totally aware of its 
potential.  People at the top may have 
been united by their shared 
understanding of the worth of the Project 
but those lower down were not privileged 
to know what value was expected.  
The commercial case submitted to the 
Treasury would have been shared in some 
form available to the stakeholders.  The 
investment was public money and BR 
might have gained public support by 
explaining in more detail just how 
valuable.  In absence of an agreed 
assessment of the value of the Prototype 
train, it left open a way for influential 
people, who disliked the disruption of the 
change, to join together and make out 
that the  train was no more than hot air.  
Those who were designing the train every 
day all day were left to make our own 
estimates of the value of the Project.  
As a design engineer I knew about 
making predictive quantified assessments 
about based on historically based values 
and relevant average chances and 
probabilities.  This engineering approach 
was well established which made it easy 
to transfer to assessing the value of the 
Project. 

The first consideration was about the 
chance of it being a success and many 
other similar project had failed.  It was not 
clear what lessons were learnt from the 
other similar projects and applied so that 
the chance of this Project would benefit.  
The chance of success was assessed from 
historic records of other relevant projects 
and estimated to be around 55%, and the 
chance of failure was put at 40%. 
The second consideration was about the 
economic saving.  The standard for 
economic performance was that the train 
would operate at 66% of the operational 
costs currently being incurred. That meant 
it would save 33% on every train journey.  
This measurement was expressed in the 
same terms as tickets, namely £ / seat / 
mile.  I knew that this saving depended to 
a large extent on the tilt, brakes and 
suspensions and if any of these three 
innovations did not work properly then 
the chance of the whole train would be in 
jeopardy.  
The benefit to BR from the Project being a 
success could be assessed.  If the APT 
innovative engineering features were 
rolled out over BR then the 33% cost 
savings was about the same amount as 
BR’s current loss making.  The benefit of 
having the Prototype train working as 
specified, would be around £1.7 billion to 
BR.  In addition there were national 
benefits (as later occurred from the 
international success of the TGV).  
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Similarly the consequences of failure for 
BR had been estimated to be around £1 
billion i.e. about two multi-fatality 
accidents worth.  
In absence of an official figure this led us 
to expect the value of the Project to BR 
was £0.55 x 1.7 - £0.4 x 1 = £0.535 billion, 
which is £535,000,000, using the above 
simplified data.  
Had this sort of risk based valuation been 
shared with the BR staff it might have 
united the people to work together and 
for the Project to become a long standing 
story of success.  Furthermore it might 
have motivated those attending to BR’s 
commercial interests to better protect the 
Project, myself and my colleagues in our 
nascent organisation.  
If the chance of success of train had been 
improved by 10% or even 25% due to 
improving the tilt performance, then the 
Project’s value would changed by £100 
million.  If on the other hand, a handful of 
decisions were taken during the last 
month which were to ruin the tilt, then 
these decisions would have waisted ten 
times more, about a £1,000 million based 
on this illustrative data.  This meant to me 
that those working on this Project had to 
trust those in authority to be aware of all 
the ways it could fall and do everything 
right so as to protect it.  
When built and including all the 
incidentals, the Prototype three trains had 

cost £32.5 million and this was 26% below 
the authorised investment in the Project.  
The Commissioning Team had confirmed 
that Prototype train had met the 
commercial criteria as for operating a 
Fleet.  It just needed these initial almost 
trivial development jobs done before it 
was put into service properly as a 
forerunner of the Fleet.   
This underspend of budget of about £8 
million left plenty for those in authority to 
demand that a development team be 
formed to work on the arising issues and 
to have it completed before the launch.  
For the want of spending this £8 million 
on development, the train was submitted 
for public service with axle bolts coming 
loose, brakes dragging and train airlines 
liable to freezing in cold weather.  There 
was precedent in Derby about 
development when the RB211 aeroplane 
engine needed more investment in 1971.  
With development work done it has 
become a commercial success story bring 
financial benefits to UK’s balance of 
payments.  
BR had been unable to operate with costs 
and income in balance.  Now BR had to 
overcome the commercial pressure to 
compete with the motorways.  
In the aftermaths of the disastrous failure 
of the Prototype train Britain lost the 
opportunity to have been a commercial 
world leading railway industry.  After a few 
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decades of being the world leader in 
understanding and knowledge the 
Research organisation has since become 
little more than a memory.  The global 
market for railways has substantially 
grown.  Britain purchases new trains from 
those that have the world leading 
technical competence.  This trend has had 
a negative effect on Britain’s commercial 
ability to pay its way in the world.  
 
 
missed cultural 
benefits
The conservative culture of the railway 
had won when the Prototype train failed. 
The valiant attempt to make BR versatile 
and fit for the future was subdued.  
When I joined I became aware that after 
the end of the second world war, many 
had been glad to find stable occupation 
on the national railways.  The military 
attitudes to organisation fitted well with 
the regularity that was expected of this 
public service.  In the 70’s the culture 
needed to be managed proactively to 
make the industry ready for the future.  
The new branding logo and public notice 
fonts were good for the external image 
but the internal culture needed to change 
as well.  The staff, even in the Railway 
Technical Center itself, were often against 
change and especially when imposed by 

re-organisations.  To have the things that 
you are familiar with and have happy 
memories as a result, threatened by 
change can rouse peoples’ passions, 
regardless of what benefits might be on 
offer.  
Part of our responsibility was to explain 
the benefits of the Project.  I did this to 
many groups but I can only remember 
one type of group coming from within the 
Railways and that was the people who 
were involved with the track, known as the 
“Permanent Way”.  I found them always 
enthusiastic and ready to understand the 
new technology.  I did one specialist talk 
with David Halfpenny at Derby about tilt 
to the Railway Division of the Institute of 
Mechanical Engineers.  
The culture within the Project was 
managed by the Project Manager, Dr 
David Boocock.  Over the decade of 
making the Prototype, Dr Boocock was 
known for his honesty.  He would at times 
seem to be pedantically rigorous in his 
logic.  Those above him might not have 
valued these two attributes as much as I 
had done.  Had they taken to their duties 
with the thoroughness that Boocock had 
done, then the train service would not 
have needed to be cancelled.  Had they 
not have moved Boocock away then the 
entry into public service would not have 
been marred by bad ride.  
The individuals that I worked with in the 
Project wanted to provide not just a better 
public service but a really good cost-



Chapter 4

the aftermath 

Page 52

effective popular public service.  I met 
people who were well focussed, highly 
talented and with a strong sense of their 
identity and a desire for the public good.  
When things had gone wrong on the 
Railway, it was often a pleasant surprise to 
find that many individuals viewed it as an 
opportunity to demonstrate their extra 
abilities to help.  
It would have been difficult to bring about 
the large cultural change that BR needed 
and the Project was a key feature 
demonstrating BR’s ability to adapt 
properly.  The Project would have had a 
huge beneficial impact on the confidence 
and culture of the Railways that I had 
found when I arrived in 1970.  In 
retrospect I am sure it would also have 
needed an outside intervention to set BR 
on course to manage the culture.  Rather 
than point out further deficiencies, it is 
better to consider the following remedy.  
It was more than a decade after the 
Prototype’s disaster that I met a Professor 
who would have liked to have done a 
process to study improving the 
organisation’s culture.  As I understood 
him, he would start by doing many 
interviews and these would have been 
assembled used to describe the present 
culture.  He would monitor the 
leadership’s attempt to change the 
culture.  The third stage would be to take 
another ‘picture of the culture’ through 
interviewing again.  Fourthly he would 
have reviewed the management of the 
culture comparing what the leadership 
had hoped to achieve with the evidence 

of the actual changes.  If only such a study 
had been done during the decade of this 
story, it might have shown up BR’s culture 
and how to remedy it’s worst bits.  
Over the decade working on this train, 
there were many periods when I loved 
doing my job.  I had become recognised 
as a master in the use of tilt and brakes to 
reduce the cost of intercity transport.  I 
was awarded the honour of becoming a 
Fellow of the Institute of Mechanical 
Engineering (F.I. Mech.E).  Despite this 
degree of recognition, I had no protection 
from punishment that I was going to 
suffer.  The railway culture allowed it to 
happen to me.  
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Preparations
When I left for the course at the BR staff 
college at Woking, I had taken it for 
granted that I would be welcomed back 
by my friends and colleagues.  Those in 
authority, who had sent me away prior to 
the launch of the Prototype train, would 
have known when I was due to return.  I 
expected them to tell me what had 
happened and to say what role I was to 
play, but that did not happen.  
That morning I rode my bike as usual the 
few miles from Darley Abbey to the 
Railway Technical Center in Derby.  This 
was the first time that I was to meet any of 
those who I had said good bye to, three 
months ago.  During the time away I had 
been fully occupied with the course.  I had 
not asked to go on the course.  My 
responsibilities had been for up to two 
dozen staff and contractors but the course 
was for those holding or about to hold 
responsibility for over 1,000 staff.  I had 
been surprised to have been selected.  I 
arrived at the bike shed in a happy state 
of mind.   
I thought that if the train had done well 
enough then I’d be able to carry on with 
tilt and brakes for the Fleet of trains.  If it 
had experienced any problems, we 
probably already knew what to do to put it 
right.  In short I felt secure and confident 
when I returned to my job.  
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I was stupidly naive and completely 
unaware of what was ahead.  I thought 
that I had nothing to dread.  I had 
expected to be given an opportunity to 
answer questions about the tilt system 
and allowed to determine what went 
wrong.  
 
The day of change
I walked into the drawing office just as 
normal, smiling to those who looked up, 
and I went on to my personal office.  
There were three, or was it four, of my staff 
already in my office, together with large 
drawing boards.  There was no place for 
me.  They let me know that they and the 
others in our main office were no longer 
my staff and the Project was suspended.  I 
felt physically sick.  They were clearly 
embarrassed at the sight of me standing 
there, lost.  
This was a personal shock; sudden and 
severe.  I was in a nightmare situation.  
They told me they had to be loyal to their 
new boss who had ordered them to work 
in my office.  
One of them told me that the bad ride 
had let the train down and tilt had been 
blamed.  It was said to have failed in a way 
that resulted in ride bad, with carriages 
swaying from one side to the other.  

Suddenly, I felt that I had to depart 
because I could no longer stand upright.  
‘Was I about to be sacked today?’  No 
David Boocock for me to turn to for help; 
he had been replaced by the senior 
research scientist with the crazy 
hypothesis, and under him there was no 
Project for me to work on.  No work 
available for the Fleet. 
My staff and contractors had been 
reorganised to come under the line 
manager who was managing the “Bogie 
and Running Gear” team.  The 
shortcoming of their bogie designs had 
held back British Railways from being able 
to compete with the motorways.  This 
bogie design manager had been known 
as hostile to the work done by me and 
others in my Mechanical Design office for 
the Prototype train.  He was now in a 
strong position to mock and ridicule my 
misery.  He did not contact me.  I had 
never met his boss, the CM&EE, and knew 
that I would not even get an appointment 
to see him.  People kept away from me 
and I stopped going to the works cafe for 
lunch.
The deception
It had just been made clear that those 
above me in the hierarchy had deceived 
my staff by saying that I had left the 
Railways and they had suggested that I 
would not be coming back.  This 
deception had been awaiting my arrival.  
After leaving the offices, I walked for a 
mile then cried my heart out.  I sat on the 
ground trembling for about an hour 
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before returning to get on my bike and go 
home.  
I was annoyed that my staff had been 
deliberately deceived and had been 
made to believe the misconception.  They 
had come to believe that I was no longer 
included in their world.  A world of 
comradeship had built up over the 
previous decade, yet I felt that they were 
turning their faces away from me, in 
loyalty to their new boss.  I had no boss, 
no work to do and no one to turn to.  I was 
in effect being told that I was nobody and 
nobody wanted me around.  I had been 
privileged to be sent on the course, but 
there was no protection from those who 
had seen themselves as having been 
passed over by the selection process.  My 
reputation must have been deliberately 
ruined while I was away.  
I biked home along the canal and the 
River Derwent.  For years I had been 
spending more time working on the 
Project than I had with my family.  I, who 
now wanted a job to do, together with 
those at the top, who wanted the train to 
be a success, had been undermined.  
Each month I had to pay the mortgage in 
order to keep the family together, but first 
I had to tell my wife of my personal failure.  
I was no longer who I had been.  I was 
unemployable.  Anyone could ask me 
how I had made such dreadful mistakes 
and done such bad work over the last 
decade that it had caused the downfall of 
BR.  This shame was to continue to haunt 
me for decades.  There would be no 
single sentence that I could say in my 

defence and people had little appetite for 
more than one sentence.   
 
 
The result
Next day I went back to my office.  Before 
the end of the week I had sat there on my 
own for hours on end and nothing to do.  I 
was clearly being punished.  This isolation 
continued for about six months before I 
became mentally ill and unable to go to 
work. 
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Figure 1  The Chief Executive’s aim￼
 
Why we will believe the investment was justified
 
If you want to go to Manchester there is a good choice of ways to get there. A motorway 
links Manchester with London, Birmingham, Glasgow, Leeds and even Bristol and Exeter.
If you have a car you can drive, if you haven't then there are express coaches. And 
Manchester is lame linked to both London and Glasgow by his services. This range of 
choice is available to you on most into city journeys. 
So why does anyone travel by train? As railway men, we may think that we know the 
answer. But a substantial section of the population never travel by train, so it is essential 
to answer the question and use market research. A series of systematic interviews and 
analysis of available information has shown that our strongest selling points on the 
InterCity are journey time and price. 
To me the challenge of competition we must exploit and improve these points. To reduce 
journey time means running trains faster, but in doing so we must not insure so much 

[image: qpmZypF0RX6C4YQLnyUqhQ_thumb_10942.jpg]

The figures


Page 59 of 96

extra cost that we price ourself out of the market. So we have looked for the cheapest 
way of running at 125. On the West mainline and the East Coast mainline the cheapest 
way of doing that in the shortest time was HST. The roots are relatively free from curves 
and, by some realignment, potential for 125 mph running was achieved over a long 
distances. 
The West Coast main line, however, poses a problem. There are lots of curves not least 
further north where a line valleys and realignment is simply not possible. Elsewhere 
realignment could be done, but only at enormous costs which would have to be reflected 
in fares - and at such high price the service would have attracted very few customers. 
The answer was APT.
Tilting mechanism enables curves to be taken faster, and without the expense and 
disruption of realignment. There is no doubt in my mind of the value of APT to the West 
Coast mainline. Our research and examinations of alternatives lead to the same 
conclusion.
The large investment over £250 million can be seen as a measure of all confidence in the 
scheme. The introduction of APT is financially justify: get is a commercial rate of return on 
the investment. It is a sound business decision which will help us to best to beat our 
competitors and meet our financial targets in the intercity sector.
The “do-nothing” alternative which would lead to a gradual decline in our services, as 
competitors pensioner traffic, and the rapid decline in the financial futures for fortunes of 
the West Coast mainline. Unless you invest in complete your weather away and die.
By Bob Reid, Chief Executive, Railways
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Figure 2  Testing for overturning
This confirmed that the Prototype would overturn on a curve at the same speed as the 
conventional trains.
￼
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Figure 3  The Experimental and Prototype windscreens￼
These windscreens could withstand objects hitting them at the train’s top speed
The Experimental train							The Prototype train
￼
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Figure 4  Driver and C-APT
For the man in the cab with a continuous indication of the advisory train speed in front of 
him.￼  
 
 
 
 
 
 
 
 
 
C-APT ensures safety of any speed.
APT will be able to run through the station at Berkhampstead, on a 1170 m radius, at 120 
miles an hour compares with the 90 mile an hour restriction imposed on locomotive 
hauled trains.  
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Figure 5  Shorting out the suspension 
The Experimental and the Prototype articulated suspension had links that spoilt their 
vertical suspensions.￼  
 
 
 
￼
 
 
 
 
The swinging arms had to be replaced on the Experimental suspension.￼  
 
￼
 
 
This large anti-role bar had to pitch when linking the bogie to the Prototype carriage.  
The immediate remedy for the Prototype train was to enhance the airspring design.  Alan 
Price creative drew the new parts that were needed to be change with technical advice 
from David Halfpenny. The longer term remedy would have been to take the link’s 
rotational inertia into account and have only dynamically balanced links between the 
carriage and the bogie frame. 
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Figure 6  Jacobmeter 
Mike Jacobs designed this meter.
This portable instrument would detect the vibrations both up and down, and also 
sideways.  It modifies the vibrations giving less weight to some and more to others which 
reflect how humans feel the vibrations.  For example we can cope with 1 cycle per second 
very well because that’s like our walking experience. 
This meter could have been used to measure the effectiveness of changes to the 
suspension, and to compare the ride comfort to the the conventional trains at their 20% 
lower speeds.
￼
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Figure 7  Loading gauge 
The Prototype was designed to occupy no more space than the carriages that were 
operating on the route, called the C1 profile.  There would be some failure modes which 
might occur that must be accommodated within the C1 profile.  The Experimental tilt 
failure mode, which was to fall hard over, would be likely to happen around 1 per year 
per carriage and so had to be within the gauge unless Her Majesty’s Inspector of Railways 
gave a conditional permission.￼
 
 
The Prototype profile had been 
designed using digital techniques 
with help from David Halfpenny.  The 
Prototype train would fail upright and 
would continue to be within loading 
gauge.  
 
￼
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Figure 8  Tilt system  
￼
 
Text ? 
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Figure 9  The tilt pack
The tilt pack ready for assembling into the carriage.  
The innovative design of the tilt pack was drawn by Alan Price.
The tilt packs would have been changed, if there had been a first or second stage trip on 
the Safety Warning System of that carriage.  However if there had been more trips, (i.e. 
two carriages tripped on one day) then it would not have been due to the tilt packs being 
at fault but would have been caused by train overspeeding or a modification causing 
unbalance. 
 
￼
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Figure 10  The flushing trolley
The innovative design of the flushing trolley was drawn by Alan Price.
This trolley enables depot staff to see bits of debris which are as long as a single hair is 
thick.  There would be less than 22 objects having size between 5 and 10 µm that’s called 
micro meters in 1 cc of clean oil.  
If an oil sample had more than this amount of debris 1 cc of oil, then this trolley would be 
used to flush the oil to get the required cleanliness.
 
 
￼
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￼
Figure 11  Sir Peter Parker
“She’ll be a world beater’   Here is something to show we still lead the world in scientific 
and engineering innovation.  Something to offer that is the best of its kind.  Something 
for British Rail and Britain to be proud off.I welcome the APT for that reason, but also for 
many others.  This pioneering development is proof of what the imagination and strong￼ 
nerve that it takes to keep the railway is running  and it is in that 
sense of past achievement, current performance, and the 
future that the BR will take us forward.  Yes, it's many new 
features are in themselves advances that show BR’s world 
ranking knowhow in rail technology.  It's speed is revolutionary 
and breathtaking, and it’s performance is without precedent.  
Already the whole concept is beginning to catch the publics 
imagination: it is drawing enquiries from other railway 
administrations all over the world you may want to adapt its 
features to their own needs.  But it is not simply a technological 
extravaganza.  It is an essential component in our strategy for 
success in the 80s and 90s and into the next century.  It is not 
an extra, it is essential if we are going to modernise our 
network in a way that will leave an efficient legacy to our 
successes.  Expenditure on the APT is, as we see it, essential for 
the future intercity service, that's the point.  We need a 
decision on the APT as soon as possible so that we can get on 
with the backup works to launch this elegant machine into 
service up the West Coast mainline by the mid 80’s.  That 
decision— and the big decision on more electrification for BR— 
are glittering prizes for the whole railway community to work 
towards.  That we can do, if we show we are giving service 
throughout the system which is value for money.  There is an 
interdependence on all parts of a great service to the public in 
winning our case for more investment.  Congratulate all those 
who, with skill and stamina, strength and to put APT into 
revenue earning service.  We are in a new dimension of speed 
and change and flexibility - let’s make the most of it.  
Peter Parker Chairman, British Rail
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Figure 12  Dr David Boocock   ￼
 
APT has been my major project for BR and represents the culmination of my 
achievement.  I shall be delighted to see the train and passenger service and earning 
revenue to offset its research and development costs.  
By Dr David Boocock, Inter-City engineer, who has worked on mechanical design aspects 
of APT since it's inception in 1967, first in the research department and from 1973 with 
the BRB’s CM&EE. 
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The appendix
 

 
 
 
In preface
1	The Experimental train tilt control 
system had appeared fully satisfactory.  
After the Commissioning Team had 
gained much practical experience of the 
Prototype train, they wanted it to be even 
better and that was achieved.  However a 
late modification which came from the 
Research organisation was proposed, 
applied, and travel sickness became a 
new problem.  
2	The Safety Warning System was 
designed to provide last ditch warnings 
about the train overspeeding on curves.  
When the Research organisation had 
modified the Prototype train’s tilt, this 
modification contributed to the Safety 
Warning System being tripped at too 
lower speed.  By allowing this warning trip 
to be overlooked, it resulted in travel 
sickness.  
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Appendix 1  Tilt 
development  
 
 
1.The Experimental 
train’s tilt control
The core control elements of the Hawker 
Siddelely Ltd tilt control system had 
operated on the APT Experimental train 
was considered to be satisfactorily.  It was 
adopted into the design of the Prototype 
train.  
1.1.In the Hawker Siddelely control 
system the tilt moved in 
proportion to the amount of 
unbalance detected in the 
carriage.  It resulted in zero 
unbalance when the train was 
on straight and on curved 
track.  A full cup of tea would 
not spill on the table.  

However on the transition 
between these there was a 
small unbalance.  This was so 
small (about 1 to 2 degrees 
unbalance) that seated 
passengers could hardly 
detect it, but standing 
passenger’s were aware of it.  

Note; for those educated 
about control systems either in 
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man management or in 
physical systems, the phrase 
lag of the closed loop control 
system lagged dynamically 90 
degrees or more behind 
perfection whereas to balance 
as on a cycle, one needs 
phrase advance from looking 
ahead.  
 
 
2.The Prototype 
train’s tilt control 
improvement
About a year into commissioning, there 
was a call to improve the lateral ride 
comfort by using the tilt system to make 
the improvement.  A new concept was 
demanded.
2.1.The designers of this 
improvement established an 
ambitious set of new 
standards, 

(a) on straight track the effect 
of turning tilt on had been to 
deteriorate the ride comfort 
but it shall be changed so that 
the effect of turning the tilt on 
shall make the ride comfort 
better. 

(b) furthermore there shall be 
no unbalance on transitions 
such as between straight and 
on to a constant curve.   


(c) in addition standing 
passengers shall be balanced 
at all these times.  In other 
words, standing passengers 
will not feel the need to grab 
the seat backs when the 
Prototype train travels at it 
advisory speed.  

These three were achieved in 
only one modification.  The 
creative thinking that became 
the Precedent tilt control 
system owes much the David 
Halfpenny.  Neil Wilson made 
a vital contribution to the 
design.  It was hoped to be 
designed in a month or so, 
and be supplied soon after.  

2.2.Those who should have been 
delighted by the achievement 
seemed to have overlooked it 
and appeared to have had a 
misconception about how tilt 
worked.  It provided accurate 
guidance and good balance 
for standing passengers.  It 
also enabled tilt to anticipate 
long wave length change of 
direction (guidance) within the 
few inches of accuracy which 
was physically available within 
the lateral bumpstops.   

To simplify the requirement 
consider this illustration.  It 
would be like having a 2 
meter pole balanced in your 
hand while being driven in a 
bus fast round its route.  To 
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balance the pole one would 
need to anticipated what the 
bus was about to do by 
looking ahead.   

As another illustration is to 
imagine cycling fast round a 4 
inch wide prescribed 
curvaceous route.  This 
required the use of looking 
and thinking ahead to guide it 
while at the shorter wave 
lengths steering it to maintain 
full balance.  Before entering a 
transition going to the right, 
the carriage’s floor under a 
standing passengers moves 
ahead of the curve, starting by 
going to the left for a short 
while.  

This design was achieved and 
found to function excellently.  
The design was achieved 
quickly and cheaply without 
research expertise or access 
to computers.  It was the best 
in the world.  
2.3.If the tilt system had been 
turned off in a carriage, where 
passengers were standing, 
then they would loose their 
balance as the train entering a 
curve.  Such a change would 
be alarming and passengers 
in a state of fear, suffering bad 
ride in the uprighted carriage 
would have been likely to feel 
travel sick.  Such a switching 
off of tilt could happen if a 
carriage had been round a 

curve so making the 
unbalance severe.  Before the 
travel sickness modification 
this unbalance only occurred 
when the train had been very 
close to the speed at which 
the train would overturn.  

The Precedence tilt control 
was said to have worked very 
well practically until til was 
damaged by the Research 
organisation’s modification. 
 
	The Research organisation's 

proposal
A senior research scientist proposed to 
modify the design of the tilt control 
system by deliberately introducing 
unbalance to the passengers in the 
carriages.  
3.1.The tilt control was to be 
changed to move only to a 
portion of the correct tilt 
angle, leaving the remaining 
portion for the passengers to 
feel unbalanced.  
3.2.This Proposer had told me that 
his new concept was based on 
his scientific understanding as 
expressed in his hypothesis.  It 
seemed that he had 



The Appendix


Page 75 of 96

interpreted13 
“equilibrioception” as 
providing an explanation as to 
why railway passengers would 
prefer to experience 
unbalance on curves.  
 
 
 
Appendix 2  Safety 
Warning System
In Preface
The Safety Warning System was essential 
to going round curves at the advised 
speed, which about 20% faster than a 
conventional train should do round 
curves.  Even if a driver had been ordered 
by those in authority to regain a preset 
timetable then any overspeeding beyond 
the advisory speed should not have been 
permitted.  The Safety Warning System 
gave the drivers warning of severe 
overspeeding when it was about 30% 
faster than the advised speed round 
curves.  This severe amount of 
overspeeding should have been 
monitored and been reported to the HM 
Inspector of Railways and assertive actions 
taken as it would for a signal passed at 
danger (SPAD), to make sure it did not 
happen again.  

During the design time it was expected 
that the warnings signs would be strictly 
adhered to and the necessary disciplinary 
procedures would be put in place and 
maintained by those in authority.  
The Safety Warnings System was 
designed to be no less reliable than the 
Automatic Warning System (AWS) that 
protected signals being passed at danger.  
The Safety Warning System was designed 
to slow the train down to protect as a last 
resort the train from overturning.  There 
was just one system as the AWS per train 
but there were about 10 Safety Warning 
Systems per train.  The train should have 
been slowed down by activating the 
emergency train alarm when just one of 
carriages had tripped upright.  The driver 
on being made aware of the emergency 
would chose exactly where to stop so as 
to avoid the train stopping in a tunnel.  In 
this way it was expected to be an 
extremely reliable train system.  Its 
weakness lay in relying on the train staff 
operating the train alarm being raised 
when a carriage had come upright.  The 
bad ride would have hopefully been so 
bad that the passengers would activate 
the train alarm, but only about once in 100 
years.  
With a development team the Safety 
Warning System might have been 
changed so that the Safety Warning 
System automatically alerted the driver to 
slow down to conventional line speed 
once it had been tripped instead of the 



13 see https://en.wikipedia.org/wiki/Advanced_Passenger_Train   
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uprighting. It would need a procedure 
established adapted from the AWS 
system.  Once this development was 
established, this new automatic alert 
straight to the driver would not be 
expected to have been activated more 
than once in a 100 train years unless a 
driver had been become reckless or a tilt 
system had been damaged.
	Overspeeding round curves

The speed that the train would overturn 
on a curve would be the same it was for 
the conventional non-tilt trains.  Tilt did 
not make the overturning speed on a 
curve different from a conventional non-
tilt carriage.  
Because the Prototype went about 20% 
faster round curves, that meant that the 
margin to overturning was less than it had 
been for the conventional trains.  
The sums to work out how fast their train 
can go round a bend without overturning 
needed one to know the track’s cant and 
curvature together with the height above 
the rail level of the center of gravity.  It 
would have been unrealistic to expect 
drivers to calculate, or use their 
judgement to estimate, the relevant 
overturning speeds for the route.
If a driver was asked to catch up time, he 
might have wondered just what the 
margin between advisory and actual 

overturning speed.   “Was the margin 5% 
overspeed beyond the advisory speed or 
25%?”  The Commissioning Team would 
have been suitable to explain to the 
drivers the role of advisory speed 
indication, the two level Safety Warning 
System and also the overspeed margin 
before it would trip carriages upright.  
	As designed, the warning levels

It had been the Commissioning Team's 
job to test the overspeed that would make 
the Safety Warning System trip carriages 
to fall upright.  At the severe overspeed, 
testing at about 30% beyond the advisory 
speed would need extreme care because 
it would have been within about 16% of 
the overturning speed.  
The Safety Warning System had two 
stages of tripping.  The Safety Warning 
System could have been designed to tell 
the driver to bring the train to a stop but 
the train was not designed to do that.  The 
frequency of a train seriously 
overspeeding was at the time of 
designing expected to have been less 
frequent than a SPAD. 
Here are some illustrative speeds for a 
frequently recurring curve; a curve limited 
to 90 mph for conventional passenger 
trains on the WCML.  
2.1.The Prototype’s advisory 
system would have indicated 
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115 mph on this curve. If the 
train went at or below the 
advisory speed, the 
passengers would have zero 
unbalance.   
2.2.The first trip of the Safety 
Warning System was in a 
carriage at 4 degrees of 
unbalance which on this 
illustrative curve would have 
been an overspeed of 16 mph.   
That’s a train speed of 131 
mph when the train should 
have been at 115 mph.  The 
first trip was designed to 
change the tilt channels and so 
advise the depot staff.  The 
depot staff needed to record 
each of these low level trip 
event, investigate the cause, 
monitor and keep those in 
authority plus the HM 
Inspector of Railways properly 
informed.  If two first stage 
trips occurred on the same day 
then it should have been 
interpreted as a train 
overspeed offence and should 
have been taken up with the 
driver concerned.  The 
Commissioning Team should 
have tested overspeeding to 
determine the compliance.  
2.3.The second was the severe trip 
was set at 9 degrees of 
unbalance, with an overspeed 
of 34 mph above the advisory 
speed on this curve.  The 

speed to activate the trip 
would have been at 149 mph.  
Each of these severe safety 
warnings should have been 
reported to HM Inspector of 
Railways.  The severe trip was 
designed as a last resort to 
advise the driver to take action 
to slow down to the 
conventional line speed for the 
rest of the day.  In designing 
this equipement we imagined 
a procedure would be evolved 
as had been for a SPAD.  The 
Commissioning Team should 
have tested the Safety Warning 
System to determine the 
compliance.  
2.4.The third, like the second 
should never happen, and it 
was overturning which would 
have been at 59 mph 
overspeed beyond the 
advisory speed.  See figure 2 
for a static test.  That’s a speed 
of 174 mph on this commonly 
occurring curve.  Whilst that 
was above the ability of the 
Prototype train, there were 
many curves that were tighter 
and so had lower overturning 
speeds.  
 
	The communication to the driver
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In keeping with the policy of the advisory 
speed system, instead of automatically 
activating the train emergency alarm 
directly, the Safety Warning trip was 
specified to turn off the electrical supply 
to the carriage’s tilt system.  The bad ride 
that would have resulted from the trip 
should have made the train staff and 
passengers activate the emergency train 
warning system.  The role of reporting this 
level of warning to the driver was 
pioneered by the Commissioning Team.  
So long as there was no reckless driving, 
nor reckless change done to the tilt 
control system, this failure mode should 
have only occurred extremely rarely, 
about once every 100 years per train. 
To reduce the chance of the serious 
warning being ignored or under reported 
a tell-tale sign was arranged for this safety 
mode to remain in the carriage to make 
sure the lower speed is observed until the 
train came into the depot.  This was to 
help HM Inspector of Railways to be made 
aware and the depot staff to find what had 
happened whenever a train had been 
overspeeding.  
Any disregard of the Safety Warning 
System having tripped carriages upright 
would cause bad ride until the train was 
correctly slow down and kept to the 
conventional line speed.  At conventional 
speed the non-tilting carriages would ride 
comfortably.  Any failure to slow down 
that day would cause the ride to be bad.  
Failure to respond to the Safety Warning 
System was hazardous.  

 
	Conclusion 

If the train was recklessly driven above the 
advisory in the excitement of the launch of 
the public service then it could cause 
unbalance in the carriages and if it was 
significant then the Safety Warning 
System should trip.
If the tilt system was recklessly changed, 
or multiple components in one tilt pack 
had failed on that day then it would cause 
unbalance in the carriages and so could 
cause the Safety Warning System to trip. 
A combination of reckless changing of the 
tilt control system being made and the 
reckless driving being authorised, would 
increase the chance of the Safety Warning 
System tripping carriages upright.  In this 
situation those in authority at the time 
should prevent bad riding continuing by 
slowing the train down. 
If more than one carriage had uprighted 
on a day, then the cause would have been 
overspeeding not a tilt fault. 
The Safety Warning System appears to 
have worked technically correctly, in the 
way that it was designed to do. .The staff 
in the Research organisation appeared to 
have had a misconception about the risk 
of the train overturning and the need for 
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the Safety Warning System.  If they had 
fully understood how the Safety Warning 
System worked they would not have 
supported the imposition of unbalance 
that lay at the core of the travel sickness 
modification. 
The Safety Warning System uprighting 
carriages was the third and last resort 
protection of the train from overturning.  
By the Safety Warning System’s action it 
detected the unbalance and enabled the 
bad ride that contributed to BR correctly 
cancelling the public service.
 
 
Appendix 3  9 
misconceptions 
 
1.The ride comfort could 
not be measured
The ride could be measured and the need 
for a portable one that matched human 
experience and was portable was 
recognised by me.  Mike Jacobs delivered 
an excellent one to the Commissioning 
Team before the Prototype train started to 
be tested for ride comfort.
However in practice the misconception 
was believed as the actions 
demonstrated.. 

If the ride, post the modification had been 
measured then this misconception would 
have been exposed.  
 
2.The metal links from the 
bogie did not transmit 
vibrations up to the 
carriage.
If the bogie vibrates up and down, and 
the links are rotated they have resistance 
due to their inertia, made up of two parts.  
The linear at the center of gravity of the 
rotating part and the rational inertia.  It is 
possible to dynamically balance the links 
so that do not exert vertical forces on the 
carriage at any frequency of vibration.  
However the links of the suspension were 
not designed to be dynamically balanced 
on the Prototype train.  
The misconception was sustained.  
If the suspension had been developed it 
would have resulted in dynamically 
balanced links and an excellent isolation 
performance never before approached.  
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3.In the event of a 
component failing in the 
tilt system, the train 
could become out of 
gauge.
Out of gauge meant that there were 
conditions such a tilt system component 
failing that would make the space that 
train occupies larger that the conventional 
carriage.  The conventional carriages did 
not tilt, so the tilting carriage had sides 
that came in by 9 degrees.  With tilt 
working the carriages were always in 
gauge.  In the event that any component 
had failed in any possible way, the 
Prototype carriages would upright 
automatically.  In the upright condition the 
train was always in gauge.  
The misconception seem to have been 
sustained but the HM Inspector of 
Railways correctly permitted the train to 
operate. 
In the event that there was a component 
failure in the Experimental train tilt system 
the carriage would fall hard over, and not 
come upright as the Prototype did.  
 
 

4.The Prototype train 
would have made 
passengers travel sick 
when the train service 
was launch unless the 
tilt system was modified.
The Prototype train had been 
commissioned and for more than a year 
found to ride sufficiently comfortably for 
the whole journey between London and 
Glasgow to be accomplish while saving an 
hour compared to the current train 
services.  
The only known way to make the ride so 
uncomfortable that thoughts of travel 
sickness might come to mind had been to 
trip the Safety Warning System and ignore 
it.   
However in addition to overspeeding 
there was another way to make the train 
ride bad which had not been explored by 
the Commissioning Team.  This was to 
damage the tilt system so that it no longer 
gave a balanced ride.  If the unbalance 
felt by the passengers was severe 
(beyond 9 degrees) then the Safety 
Warning System would trip. Even then, the 
carriage would be expected to become 
like a normal carriage so that the journey 
should be finished comfortably as a 
conventional train would do..  
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Hence the travel sickness only became a 
problem after the modification was done 
and the safety warning was ignored.  
The misconception has stuck in people’s 
mind. 
 
 
5.There was only one way 
to overcome the 
supposed travel sickness 
for tilting train and this 
involved giving 
passengers a sense of 
unbalance on curves.
This was claimed to be new science that 
could be tested only by modifying the 
Prototype train and asking passengers for 
their views on their tendency to feel travel 
sick on the journey between London and 
Glasgow with the short journey time. 
The train delivered a bad ride when it was 
put into public service.  It seems that this 
misconception was not exposed as the 
cause of the bad ride and next day the 
same bad performance was repeated. 
 
 

6.The Prototype train did 
not need to adhere to 
the safety warnings 
when it indicated that it 
was at high risk of 
overturning.
The Safety Warning System was designed 
to trip when the train was within 16% of 
the speed to make the train overturn on a 
curve.  This warning was tripped day after 
day during the public services  
If there had been a Titanic disaster then 
this misconception would have been 
exposed.  As that did not happen the 
misconception remained unchallenged.  
 
 
7.The modification to 
prevent travel sickness 
was free from risks.
It was claimed that the change made to 
the tilt system would only be an 
improvement to the passengers’ ride.  
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If the Prototype train had been 
commissioned after the modification and 
before entry into public service then this 
misconception would have been exposed 
as a folly.  In the meanwhile it continued to 
be believed.  
 
 
8.The proposer of the 
modification could be 
trusted with the future 
of the Prototype and of 
BR.
The removal of the two members of the 
Project who could have given advice 
about the soundness of the modification 
was a demonstration of the trust that they 
had in the senior research scientist and his 
proposed modification to the Prototype 
train. 
When the modification turned out to be a 
folly, the two people best equipped to 
rectify the situation had been removed 
from being involved.  
The misconception appeared to have 
been unchallenged despite the disaster.  
Shifting the blame from the modification 
and on to the tilt designer appeared 
100% acceptable.  
 

 
9.There was trust and co-
operation within BR
The creation of misconceptions was part 
of the culture of BR.   These could be used 
with impunity. 
The development resources were not 
made available to the Project when it 
needed it most, but one development was 
imposed at the last minute and this 
resulted in great damage to the 
reputation of BR. 
Trust and co-operation between those at 
the top making the important decisions 
and those like the tilt designer was 
practically confined to the top issuing 
commands.  There was no means of 
communicating upwards, especially 
critical comment. 
If BR had a caring, communicative and co-
operating sort of culture, it would not 
have permitted the punishment of person 
who was blamed for the failure.
May be inside BR those who saw the fall of 
the APT as success would recognise the 
misconception as a useful way making 
things work.  
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Five stages of 
the demise
 
	

 
 
1.  The Experimental train, 
1971 - 73
The Project’s Experimental train was being 
made about the same time as the first 
HST.  Both had predicted to have stable 
lateral suspensions using pioneering work 
done in the Research organisation.  
 
1.1.Progress so far

Trains in Japan had already gone 
fast and been stable on fairly 
straight track.  In France and 
	  The Experimental train, 1971 - 73 
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elsewhere there were attempts at 
high speed and tilt.   

The Experimental train had been 
designed to demonstrate its 
suspension’s ability to provide 
ride comfort when operating at 
20% higher speeds both on 
straight and on curved track.  It 
was used for few days in 1972.  
The vertical ride was obviously 
poor.  
1.1.1.Hawker Siddeley Ltd had 
designed the Experimental tilt 
and brake systems.  Their work 
proved in principle that both 
were viable options for the 
Prototype train.  However the 
contract with this well 
established design company 
was ended before the 
Prototype train’s systems had 
started to be designed. I with 
an excellent contract 
draughtsman were given 
responsibility for the design of 
these two systems.  There had 
been no opportunity for me to 
meet with any Hawker 
Siddeley designers.  
1.1.2.My previous employment had 
been with the design of the 
innovative Hymac excavators 
and then project work on their 
new telescopic crane.  On 3rd 
November 1970.  I was new in 
the railway industry and 
started from scratch on the 
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lowest rung.  

1.2.Joint Review of progress 

In 1973, after a year’s delay, the 
Experimental train became 
available for testing.  The 
Experimental train’s 
achievements together with the 
draft design layouts for the 
Prototype train were reviewed.  
There was no participation from 
those who had designed to tilt 
and brake control systems. I was 
told that a review was initially led 
by Mike Newman but it had 
ended in poor relationships 
between the Research scientists, 
the engineers from the CM&EE 
and the managers in the Project.  
After the review. I was told that Dr 
Boocock, who had been head of 
the Mechanical Design, emerged 
as the Project Manager.  
1.2.1.The reviewers would have 
known that the Experimental 
train’s vertical suspension had 
had its swinging arms 
replaced over the previous 12 
months in order to improve 
the vertical ride performance.  
This involved a major redesign 
of the articulated suspension.   
1.2.1.1.There had been no 
attempt to research how 
the vertical suspension’s 
performance had been 

wrongly predicted.  
There was a lack of 
research to refine the 
computer program and 
so make sure that the 
ride predictions in the 
future would not be 
over optimistic as the 
first prediction had 
been.  There was no 
supporting laboratory 
work done on the 
isolation performance 
and how it had been 
changed by the 
replacement bogie.  

1.2.2.Un-noticed by the review, was 
it that the design of the tilt 
pack, had to be substantially 
changed to make it about 
1,000 times more reliable for 
public services.  
1.2.3.Also unnoticed at the time of 
the review, the brake energy 
capacity and cooling power 
had to be doubled for public 
services.  When we had 
noticed these two issues, it 
increased my and my contract 
draughtsman work by about 
five fold.  The pressure was on 
us to come up with ways to 
overcome these difficulties 
without increasing the time to 
delivered finish drawings, the 
mass and the space occupied 
in the train.  
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1.2.4.The review recommended 
that the tilt failure mode be 
changed from hard over to an 
upright condition.  If electrical 
power was turned off in the 
Prototype then the carriage 
should not fall over.  The 
Prototype train had to be 
designed to passively fall 
upright to become like a 
conventional non-tilt carriage 
when the tilt system was 
turned off.  
1.2.5.An implication was that the 
review confirmed that 
hydraulic jacks should be 
used for tilt, because 
competitive electrical screw 
jacks would prevent the 
passive uprighting in the 
failure mode.  
1.2.6.Un-noticed by the review, 
there was a potential for 
repeating a fatal flaw.  The 
articulated suspension as 
designed for the POP and 
Experimental train was later 
found to be prone to 
derailment. I had noticed that, 
if adjacent carriages had tilted 
in the opposite directions, the 
power of the tilt pack could 
yaw the bogie and make it 
derail.  I told my boss about it 
during the time the review 
was proceeding.  

1.2.6.1.As a result of becoming 
aware of this hazard the 
Experimental train had 
its tilt restricted to about 
6 degrees from 9 for 
safety to reduce the risk 
of derailment.   
1.2.6.2.As a result of having 
found the flaw, the draft 
Prototype articulation 
suspension design that 
had been tabled, had to 
be redesigned in a 
major manner.  The 
single central secondary 
suspension was 
replaced to have a 
suspension overhung at 
each end.  This change 
had an adverse effect 
on ride comfort which 
was later overcome by 
inter-vehicular vertical 
dampers.  This 
development made the 
suspension perform 
vertically more like a 
single secondary 
vertical articulated 
suspension would have 
done.  

1.2.7.Un-noticed by the review was 
the need for tilt to be used to 
improve the ride comfort on 
straight track compared to 
with tilt being off. 
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1.2.8.Un-noticed was the need for 
tilt to improve the ride 
comfort for standing 
passengers to be well 
balanced at all times. 
1.2.9.Un-noticed was the need for 
the ride comfort to be better 
than other current rolling 
stock at their different speeds 
over the same track.  
1.2.10.Overlooked by future project 
plans was the need for 
development work which 
might occur whenever the 
commissioning found non-
compliances.  Development 
work might also be needed 
where practical experience 
had been gained from the 
using the product which made 
clear that the train’s 
specification should have 
been different.  
1.2.11.Overlooked were the 
problems of specifying new 
tilt standards for reliability.  
The basis for doing 
fundamental performance 
prediction calculations (fault 
and event trees technology 
with the different relationships 
as pioneered for the nuclear 
industry) was not made 
available for the designer.  
Research in to reliable 
components and hand 

calculations were undertaken 
instead.  
1.3.The review concluded that the 
Experimental train had 
performed well enough for the 
reviewers to recommend 
going forward with designing 
the Prototype train.  The review 
recommended changes that 
included dropping the gas 
turbine version to have two 
electrically powered vehicles in 
the center of the formation.  

2.  The Prototype design, 
1973 to 1976
During this period drawings of objects 
that had previously been unimagined 
were drawn and issued with information 
to enable BR manufacturers and others to 
make and deliver parts for assembly into 
making the Prototype train.  

2.1.New suspension standards
2.1.1.The most important aspect of 
the suspension was the ride 
comfort which was necessary 
for passengers on the 
WCML.The standard for lateral 
ride comfort was specified by 
the Project Manager as not 
more than 0.02 m/s2 laterally 
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for main-line track at speed of 
244km/h (150 mph).  The 
suspension designs should 
comply with the performance 
standard.   

As the ride performance was 
dominated by the degree of 
roughness of the track, the 
designers needed in addition 
to know either a performance 
specification for isolation or 
else a track roughness 
specification.  Track roughness 
can describe statistically and 
the power at each frequency 
over the range of waves from 
“kilometres” when going over 
hills to “centimetres” down to 
short waves for rail hard 
surface finish.  This is rather 
like audible sounds being 
described by loudness as it 
varies over a range of pitches. 
I think neither of these were 
determined and passed over 
from the Research 
organisation to the 
suspension designers.  
2.1.2.In general engineering 
designers are educated to be 
able to predict the 
performance of the product 
that they are responsible for.  
In general draft drawings 
should be iteratively changed 
until the end product 
complies with the standards, 
and has optimum 
performance with regard to 

the weighted intentions (such 
as first cost, running cost, 
performance) before the 
drawing is fixed and issued for 
manufactured.  For example, it 
was the designer’s 
responsibility to make sure 
that the suspension that he 
had been authorised to draw 
with his team of contract 
draughtsmen was predicted 
to meet the ride comfort 
standards.  
2.1.3.To compound this messy issue 
further, once the review was 
over, the separation from the 
Research Department became 
a barrier to the transfer of 
technology.  This left the 
designers confined to using 
their slide rules and later hand 
calculators and I remember 
suffering from the lack of 
isolation performance data.  
The manual methods can be 
prone to mistakes and some 
times can take more than a 
thousand times longer than 
when done on computers.  

There was only one exception 
known to me, and it was a 
study carried out by Research 
staff done, after this review.  It 
was about the lateral stiffness 
between axle and bogie of 
the articulated suspension.  

2.2.New tilt standards
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2.2.1.The Prototype tilt system had 
to be as good or better than 
the Experimental tilt system.  
Having focused on each 
aspect of the Experimental 
design, the Prototype tilt 
system became a complete 
redesign job, as it was in the 
cases of the brake system and 
the articulated suspension.  
The risks were obviously rising 
high.  It was like taking steps 
into the dark.  
2.2.2.The standard for tilt reliability 
had been left to the designers 
to define.  We decided that on 
average a Prototype carriage 
tilt system should fail no more 
often than once in every 1,000 
years.  For train that was 1 in 
100 train years.  This implied 
that each component, which 
had the potential to cause the 
pack to fail, had to have been 
previously used in a large 
number of similar application, 
(such as aircraft flight control) 
and had accumulated 
enormous working hours 
together with proper records 
of their historic reliability (i.e. 
that were enough to have 
narrow confidence bands to 
allowed for a cautious 
approach to our design).  The 
designer built up failure 
modes and the fault trees 
based on these historic 
component reliability figures.  

Even with the best possible 
components in the world, this 
reliability performance for the 
tilt system could not have 
been achieved with a single 
channel control system.  Using 
the historic data, the reliability 
of the whole two channel 
control system having 
duplicated both in hydraulic 
and also in electrical 
equipement was predicted to 
meet the train design 
standard with a margin for 
caution.  It didn’t have a three 
channel (as did the Concorde 
flight controls).  The first level 
trip of the Safety Warning 
System, see appendix 2 was 
designed to detect unbalance 
caused by a fault.  A tilt error 
(in other words an unbalance) 
could, if it was above a certain 
level, indicate that there was a 
fault and change the channels.  
The whole system fault might 
upright a carriage when two 
of components fail on the 
same day in the same tilt 
system or a single train 
overspeed on curves.  
2.2.3.The fundamental hand 
calculations were contained in 
a report which was presented 
to the Railway Division of the 
Institute of Mechanical 
Engineers at Derby eventually 
on 15 December 1977.  At the 
time of publishing the paper 
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all were happy with the tilt 
system and its dynamic 
performance.  

2.3.Protection from overturning on 
curves  
2.3.1.For speeds over and above 
what was conventional in the 
driver’s cabin, there was to be 
a continuous computer aid for 
drivers which advised the 
driver of Prototype train of the 
APT authorised line speed at 
all locations on the WCML.  
2.3.2.The Safety Warning System 
was required to be no less 
reliable that an traditional 
Automatic Warning System 
(AWS).  When the traditional 
AWS was tripped, and if it was 
not acknowledged, then the 
system to prevent signals 
being passed at danger by 
applying the train’s brakes to 
reduce the risk of train 
collisions.  The Project 
considered that AWS 
approach was an 
inappropriate way for the 
automatic Safety Warning 
System to operate.  As seen 
from a design point of view, 
the passengers’ emergency 
train alarm system was an 
optional approach that could 
have been adopted through 

development once sufficient 
experience had been gained.   

2.4.Additional requirements were 
specified, designed and provided 
in support from 1976 to 79.  
2.4.1.To maintain the components 
of the tilt packs to be reliable  
it was essential to mange the 
oil cleanliness.  The designers 
had specified the level of 
cleanliness which would have 
been high by aircraft flight 
control standards on which 
historic reliability data was 
based.  To make sure that the 
oil cleanliness standard would 
be monitored, the tilt designer 
decided to design and 
provide a special microscope 
and slide preparation set of 
equipment, in the form of a 
bespoke portable trolley, see 
figure 10.  The quantity and 
size of the contaminants in the 
oil could be regularly 
monitored while still in the 
depot.  In addition if the level 
of cleanliness was not 
adequate the trolley was 
equipped to be able to flush 
the hydraulic pack until it was 
clean enough. 
2.4.2.To monitor the ride comfort a 
universal portable meter see 
figure 6 was designed and 
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supplied.  It was sensitive to 
the accelerations and 
measured the ride comfort 
practically.  It was ready for the 
Commissioning Team to use 
to check the Prototype’s 
compliance to the ride 
standard.  It could also be 
used to compare the 
Prototype’s ride comfort to 
other trains.  
2.4.3.A group of the design staff 
familiar with the tilt system 
were seconded to the train’s 
depot in Glasgow to help 
them understand what they 
were expected to do for tilt.  
They passed on their know-
how and techniques for using 
the trolley to the depot staff 
and to the commissioning 
staff, before returning to the 
Railway Technical Centre.  


3.The support of the 
commissioning work, 
1979 to 81
We, as designers, received no written 
reports on the performances testing for 
conformity to standards nor of the 
demands to make additional performance 
improvements over and above what had 

been specified.  We were told that we 
would be informed when they required 
further change.  

3.1.Tilt control system see figure 8 
and 9 plus appendix 1
3.1.1.For quite a time (perhaps the 
first 12 months of 
commissioning) the lateral 
ride was considered by the 
Commissioning Team as up to 
the standard that they 
subjectively required or 
better.  
3.1.2.The Commissioning Team 
became anxious and about a 
year later changed their 
opinion about the quality of 
the lateral ride.  They wanted 
the lateral ride improved, see 
appendix 1.  

This sort of improvement was 
a substantial development 
task which was more suited to 
large laboratory and track 
testing and highly qualified 
experienced staff.  These were 
uniquely available from the 
Research Department.  The 
demand for improvement to 
the ride came when we had 
expected the train to be very 
shortly put into public service.  

Bearing in mind the political 
constraints, the Project 
Manager asked the designers 
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to find and make changes to 
the tilt control system to meet 
the need expressed by his 
Commissioning Manager. We 
had to achieve it without 
having measurements of what 
needed to be improved, and 
without any quantified goals.  
Much clearer was it that it 
must be done at low cost and 
in the shortest time as 
possible.  We presumed that 
this had been approved by 
those in authority above the 
Project and some unspecified 
delay had surprisingly 
acceptable to those far above 
us in the organisation.  This 
new system became known as 
the precedence control 
system.  It was designed in 
about two months.  
3.1.3.The Commissioning Team 
satisfied themselves that the 
tilt system had performed as 
they needed.  

3.2.The Safety Warning System, see 
appendix 2.  
3.2.1.The Safety Warning System 
was designed to alert the 
depot of marginal unbalance 
that would occur from 
marginal over speed on curve 
or from small tilt performance 
errors.  The second stage 

warning should have alerted 
the train to any severe 
overspeed having occurred 
on a curve.  The alert would 
upright carriages for the rest 
of the day and then 
automatically warn the depot.  
3.2.2.The Commissioning Team 
should have satisfied 
themselves that the Safety 
Warning System performed 
correctly to standard, and 
tripped at the correctly at 
marginal and also at 30% over 
speed on curves.  We were 
told that they had 
experienced the ride in 
uprighted carriages.  The 
designers expected that the 
Commissioning Team would 
inform the HM Inspector of 
Railways about this crucial 
safety feature.  
3.2.3.The Commissioning Team 
attributed carriages coming 
upright to the correct 
functioning of the Safety 
Warning System, having 
detected a severe level of 
unbalance.  
3.2.4.As a result of experiencing 
bad riding in uprighted 
carriages, the Commissioning 
Team demanded a ratchet 
device to be designed and 
fitted to lessen the severity of 
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the bad ride in uprighted 
carriages.  These carriages in 
their uprighted failure mode 
were only uncomfortable 
while the Prototype train was 
operated above the 
conventional line speed for 
the curves.  This ratchet device 
was designed within a few 
weeks in the summer of 1981 
and improved the comfort at 
the conventional (non-tilt) line 
speed. 

3.3.Those in authority had expressed 
their hopes in November 1980 
for the Prototype as shown in 
figure 11 via the House 
Newspaper.  For nearly a year the 
efforts of the Commissioning 
Team had the effect of delaying 
the completion.  A bid claiming to 
be able to prevent further 
procrastination of the launch and 
to resolve a pre-supposed travel 
sickness problem, was accepted 
and implemented within a couple 
of months. 
3.3.1.A managerial change was 
made.  Dr Boocock, the 
Project Manager (see figure 
12) for the past decade was 
replaced.  
3.3.2.A technical change to modify 
the tilt had been proposed by 

the person who was put in 
charge of the whole Project.
3.3.3.The train was launched into 
public service.  
 
4.The launch into public 
service, December 1981
4.1.Before the replacement of the 
Project Manager the situation had 
been like this: 
4.1.1.When tilting, as had been 
designed, carriages had been 
travelling at the APT advisory 
speed then the ride of the 
Prototype train was perfectly 
comfortable. 
4.1.2.When tilting, as had been 
designed, and the train was 
operating below 30% faster 
round curves than the advised 
speed during Commissioning 
conditions the ride would 
have been poor.  But any 
more that this overspeed and 
the Safety Warning System 
should trip and so make the 
carriage upright into its safety 
mode.  Every incident of this 
severe overspeeding should 



Five stages of the demise


Page 94 of 96

have been treated like a SPAD.

4.2.This was the situation before and 
also after the Research imposed 
their modification.  
4.2.1.If the Safety Warning had 
been ignored, then the bad 
ride in these upright carriages 
could persist but only if the 
train speed was not properly 
reduced.  These uprighted 
carriages should have been 
seen as evidence that the train 
had been the severely over 
speeding and treated like a 
SPAD.  
4.2.2.While the train speed was 
more than the normal line 
speed for non-tilting 
passenger trains, passengers 
in uprighted carriages should 
be uncomfortable.  If the train 
continued at the APT line 
speed the ride should have 
been bad when on curves.  
This failure mode would 
remain there for the rest of the 
day and the bad ride would 
return whenever the speed 
returned to APT line speed.  
4.2.3.If the bad ride continued, it 
was because the train had 
continued above the 
conventional line speed with 

uprighted carriages and this 
could create travel sickness 
conditions.  

4.3.After the Research organisation’s 
modification to overcome what 
they had perceived as a travel 
sickness problem, the effect 
would be: 
4.3.1.The effect of the unbalance 
created by the modification 
would have fooled the trip of 
the Safety Warning System to 
trip at less than 30% 
overspeed beyond the 
advisory speed.  The more 
that the modification created 
unbalanced, then the lower 
would be the overspeed at 
which the Safety Warning 
System would trip carriages 
upright.  
4.3.2.Instead of the chance of a 
carriage coming uprighting 
once in a hundred years, after 
the modification the train 
seemed to have had many 
carriages tripping every day in 
public service.  It was only to 
be expected by those familiar 
with the workings of the 
system that a combination of 
the modification and poor 
train speed control of the train 
would have increased the 



Five stages of the demise


Page 95 of 96

frequent carriage uprighting.  

4.4.Had the modification been 
removed before the day then 
carriages should not have been 
tripped uprighted so long as the 
train was at or below the advisory 
speeds continuously from the 
start of leaving the depot.  
4.5.Had train speed been kept at or 
below the advisory speed then 
carriage should have been rarely 
uprighted, unless the imposed 
unbalance was significant.  
4.6.Had the train slowed down to 
conventional line speed when it 
had one or more uprighted 
carriages then the bad ride would 
have prevented.  
 
5.The end of the Project
5.1.In the absence of David Boocock 
and myself (the Project Manager 
and his Head of Mechanical 
Design), BR lacked sound advice 
as to what to expect from the 
modification which came from 
the Research organisation.  
Those in authority that had 
caused us to be absent should 
have expected their actions to 

have caused carriages to be 
uprighted, but appeared to have 
unaware of the consequence of 
their modification.  
5.2.BR rightly cancelled the 
Prototype train service having 
demonstrated a gross lack of 
competence at preventing 
repeated bad ride and ignoring 
the safety warning.  
5.3.The blame for the bad ride was 
wrongly placed on the tilt.  Tilt 
was not prone to failure and no 
component found to be 
defective.  
5.4.During Commissioning the train 
had experienced carriages 
uprighting and had been over 
speeding.  When in public 
service the train may have over-
sped and so caused carriages to 
come upright.  The effect of the 
modification would have been to 
reduce the amount of overspeed 
at which carriages would 
upright.  
5.5.The mis-understanding of the 
effect of the modification could 
have inhibited those in authority 
being able to put things right, 
without the two key staff being 
involved.  
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5.6.Much had been achieved 
through the Project and its 
Prototype train, which if it had 
not been for the disastrous 
launch, would have contributed 
to a Fleet of low cost shorter 
journey time trains.  
5.7.Following this disastrous launch 
of the Prototype and death of 
the Project, BR, and Britain’s 
railway engineering, started to 
decline.  
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SAFETY has been
paramount in the
minds of the designers
of APT.

A revolutionary aid
to drivers, based on
micro-processors, is
the C-APT, a speed
limit advice mechan-
ism fitted in the cab..

The men who drive APT
will also drive conventional
trains over the same route,
yet APT is allowed to
exceed speed limits by a
substantial margin.

To prevent confusion,
speed limits are displayed
automatically in the APT
cab.

C-APT leaves the driver
firmly in control of the
train, but gives him a digital
advance warning on his
desk of the higher APT
speed limits.

On the track, beacons, cal-
led transponders, store perma-
nent speed limit information in
coded form. Sealed in

glassfibre re-inforced cases the
transponders, containing elec-

tronics and a loop aerial, are
waterproof and need no exter-
nal power supply.

The transponders are pow-
ered by a radio beam transmit-
ted by a loop aerial under the
front of the train. A coded
message is re-transmitted by
the transponder and fed to the
train-borne processor unit.
Micro-processor circuits check
the validity of the code and
display the approaching speed
limit to the driver.

When the train approaches
a speed restriction the display
changes to the new limit at the
appropriate braking distance.
An audible warning sounds

Cab display

Speedometer

Speedometer drive

Processor

Transponder

which the driver must acknow-
ledge, otherwise the brakes
are applied automatically.
The driver selects a suitable
braking rate to bring the speed
down to the new limit dis-
played. At the start of the
restriction an indicator light on
his desk is briefly illuminated,
while at the end he receives a
short warning sound to alert
him to the higher speed.
C-APT has to fail safe so
transponders are bolted to the
sleepers at intervals of less
than a mile. If the equipment
fails to respond to a transpon-
der the display goes blank and
an audible warning is initiated

‘the man in the cab

C-APT
ensures
safety at

any
speed

which must be acknowledged
by the driver.

With a blank display the
driver reverts to conventional
speeds.

To eliminate the risk of
wrong speed limits being dis-
played, all the train-borne
equipment, except for the dis-
play, is duplicated, while the
electronic system has an in-
built selfchecking routine.

A secondary use of C-APT
is to close air intakes
approaching tunnels to pre-
vent ear discomfort to passen-
gers.

APT will be able to
run through the sta-
tion at Berkhamsted,
on a 1,170m radius
curve, at 120 mph

compared with the
90 mph restriction
imposed on loco
hauled trains.
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ADVANCES in vehicle sus-
pension design can make
higher speeds possible on
curved sections, but not
without considerable dis-
comfort to passengers —
unless the vehicle itself is
allowed to tilt. Tilting thg
coach body can minimise
lateral acceleration, main-
tain passenger comfort and
allow the train to negotiate
curved track sections at
higher speeds than would
be permitted by conven-
tional non-tilting trains.
APT's tilting bodies are
suspended on an air sus-
pension unit carried by a
swinging “bolster”. As each
vehicle enters a curve the
tilt system measures auto-
matically the amount of
body tilt necessary to
minimise side thrust, so as
to maintain comfort levels.
This measurement is con-
veyed to valves between a
hydraulic (oil) pump and tilt
jacks located on the bogies.
The valve opens moving

Trailer car tilt

Tilt jack

Bogie frame

Swinging bolster

the jack until the required
amount of tilt is achieved
and afterwards the valve
closes, locking the tilt jacks
in position. Once clear of
the curve the tilt jacks are
unlocked, thus restoring the

vehicle body to an upright
position. Up to nine degrees
of tilt is possible.

The power car tilts round
curves in the same way as
passenger vehicles. The
pantograph, however, is

Pantograph anti-tilt

maintained in contact with
the overhead wire by a tilt
compensation linkage.

APT's light weight,
coupled with its ability —
because of tilt — to run

through curves so much fas-

Tilt jack

ter means that less energy
is wasted. In fact, an APT
uses one-third less energy
at 125mph than a diesel
HST at the same speed.

i I e ——

ot second
- AN N

Trailer unclassed

Trailer second

Driving trailer second

e Pantograph

Anti-tilt linkage
to bogie
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By
BOB REID

Chief Executive, Railways

we believe the investment was justified

IF YOU want to go to
Manchester there is a
good choice of ways to
get there. A motorway
links Manchester with
London, Birmingham,
Glasgow, Leeds and
even Bristol and
Exeter.

If you have a car you
can drive, if you haven't
then there are express
coaches.

And  Manchester is
ked to both London
and Glasgow by air ser-
vices.

This range of choice i
available on most inter-
city journeys.

So why does anyone
travel by train?

As railwaymen, we may
think we know the ans-

wer. But a substantial
section of the population
never travel by train, so it
is essential to answer the
question accurately and
use market research.

A series of systematic
interviews and analysis
of available information
has shown that our
strongest_selling points.
on Inter-City are journey
time and price.

To meet the challenge
of the compe
must expl and improve
these points.

To reduce journey time
means running trains fas-
ter, but in doing so we
must not incur so much
extra cost that we price
ourselves out of the
market.

So we have looked for
the cheapest way of run-
ning at 125mph.

On the Western main
line and the East Coast
main line the cheapest
way of doing that in the
short term was HST.
routes are rela-

by some re-
alignment, potential for
125mph  running was
achieved over long dis-
tances.

The West Coast mai
line, however, poses a
problem. There are lots of
curves, not least further
north where the line fol-
lows valleys and re-
alignment is simply not
possible.

Elsewhere re-alignment

could be done, but only at
enormous cost which
would have to be
reflected in fares — and
at such a high price the
service would have
attracted very few cus-
tomers.
The answer was APT.

The tilting coach
mechanism enables
curves to be taken faster,
and without the expense
— and disruption — of re-
alignment.

There is no doubt in my
mind of the value of APT
to the West Coast main
line. All our research and
examinations of alterna-
d to the same
conclusion.

The large investment —
over £250m — can be

seen as a measure of our
confidence  in  the
scheme.

The introduction of

APT is financially jus-
ed: it gives a commer-
I rate of return on the
vestment.

It is a sound business
decision which will help
us to beat our com-
petitors and meet our
financial targets in the
inter-city sector.

The “do-nothi
native would
gradual decline in our ser-
es, as competitors
pinched our traffic, and a
rapid decline in the finan-
cial fortunes of the West
Coast main line.

Unless you invest and
compete, you wither
away and die.
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I'll be delighted . ..

DR DAVID BOOCOCK, Inter-City engineer, who has
worked on mechanical design aspects of APT since its inception
in'1967, firstly in the Research Department and from 1973 with
BRB’s CM & EE:

“APT has been my major project for BR and represents
the culmination of my achievement.

“] shall be delighted to see the train in passenger service
and earning revenue to offset its research and development
costs.”
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‘She’ll be
a world

beater’

HERE is something to show we still
lead the world in scientific and
engineering innovation. Some-
thing to offer that is the best of its
kind. Something for British Rail
and for Britain to be proud of.

1 welcome APT for that reason,
but also for many others.

This pioneering development is

"proof of the imagination and
strong nerve that it takes to keep
the railways running. And it is in
that sense of past achievement,
current performance, and the
future that the APT will take us
forward.

Yes, its many new features are in
themselves advances that show
BR’s world-ranking knowhow in
rail technology. Its speed is revol-
utionary and breathtaking, and its
performance without precedent.

Already the whole concept is
beginning to catch the public
imagination: it is drawing
enquiries from other rail administ-
rations all over the world who may
want to adapt its features to their
own needs.

But it is not simply a technologi-
cal extravaganza. It is an essential
component in our strategy for suc-
cess in the 80s and 90s and into the
next century.

It is not an extra, it is an essential
if we are to modernise our network
in a way which will leave an effi-
cient legacy to our successors.

Expenditure on APT is, as we see
it, essential for the future inter-city
service, that’'s the point.

We need a decision on the APT as
soon as possible so that we can get
on with the back-up works to
launch this elegant machine into
service up the West Coast main
line by the mid 80s.

That decision — and the big deci-
sion on more electrification for BR
— are glittering prizes for the
whole railway community to work
towards.

That we can do, if we show we
are giving service throughout the
system which is value for money.
There is an intor—depo'ndonco on all
parts of our great service to the
public in winning our case for more
investment.

| congratulate all those who,
with skill and stamina, have
striven to put the APT into reven-
ue-earning service. We are into a
new dimension of speed and
change and flexibility — let's make
the most of it.

— Sir PETER PARKER

Chairman, British Rail
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HERE is something to show we still
lead the world in scientific and
engineering innovation. Some-
thing to offer that is the best of its
kind. Something for British Rail
and for Britain to be proud of.

| welcome APT for that reason,
but also for many others.

This pioneering development is

“proof of the imagination and
strong nerve that it takes to keep
the railways running. And it is in
that sense of past achievement,
current performance, and the
future that the APT will take us
forward.

Yes, its many new features are in
themselves advances that show
BR’s world-ranking knowhow in
rail technology. Its speed is revol-
utionary and breathtaking, and its
performance without precedent.

Already the whole concept is
beginning to catch the public
imagination: it is drawing
enquiries from other rail administ-
rations all over the world who may
want to adapt its features to their
own needs.

But it is not simply a technologi-
cal extravaganza. It is an essential
component in our strategy for suc-
cess in the 80s and 90s and into the
next century.

It is not an extra, it is an essential
if we are to modernise our network
in a way which will leave an effi-
cient legacy to our successors.

Expenditure on APT is, as we see
it, essential for the future inter-city
service, that's the point.

We need a decision on the APT as
soon as possible so that we can get
on with the back-up works to
launch this elegant machine into
service up the West Coast main
line by the mid 80s.

That decision — and the big deci-
sion on more electrification for BR
— are glittering prizes for the
whole railway community to work
towards.

That we can do, if we show we
are giving service throughout the
system which is value for money.
There is an inter—depéndenco on all
parts of our great service to the
public in winning our case for more
investment.

I congratulate all those who,
with skill and stamina, have
striven to put the APT into reven-
ue-earning service. We are into a
new dimension of speed and
change and flexibility — let’'s make
the most of it.

— Sir PETER PARKER

Chairman, British Rail






OPS/images/110927_APT.jpg





OPS/images/APT_tilt_maintenance_trolley.png





