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Pan Up

THE NARROW WAY

Steering a train is something we have left to rails and flanges for years, but can electronics do better?

irst, prepare yourself for a shock.
F Some RSSB research cash

has been used for some real
hardware, | think this is the second
time ever, and we have barely had
time to get over the multi-shot sander.
This cash has gone to SET Ltd to
produce independent steering rail
wheels, fitted to a Vivarail D’ stock
battery vehicle and running up and
down the Ecclesbourne Valley.

ENTRY LEVEL WHEEL-RAIL
INTERFACE

Before | write something more
impenetrable than one of Captain
Deltic’s signalling articles, let's brush
up on the basics. Looking at the
standard arrangement since railways
began of a wheel fixed to each end of
an axle, when going around a curve
something has to slip, and that brings
stress and wear. Just like a runner on
the outside lane has to run further
around a bend than one on the inside,
the wheel on the outside of the curve
has to go further than the one on the
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inside. One of the clever things we
take for granted is how railway wheels
cope with this, which is the wheel
tread profile. Being basically a cone
shape, this allows the wheel to move
sideways so one wheel can run on
the smaller diameter bit of the cone,
the other on the larger diameter, so
that second one goes further than
the smaller one per revolution. Many
engineers have been kept amused
for nearly two centuries fiddling
about with this basic arrangement,
trying to prevent the wheel flange
having to contact the rail - the last
resort in keeping it on the track.

But the wheel flange does contact
the rail on sharper curves when the
basic conical guidance doesn't work.
Also, if you have a simple cone with
no restraint, it will bounce about from
side to side as it over-corrects if left to
its own devices. This is called‘hunting’
and must have shortened the fatigue
life of many a first generation DMU
and the track they ran on. | had many
trips to Derby on Class 120 DMUs

where anywhere over 50mph you
were slammed from side to side.
Last week | went on a Class 350/2,
possibly the best riding modern rail
vehicle, as smooth as silk, wonderful.
But this is achieved with a big, heavy,
outside framed bogie with really
stiff suspension, and Network Rail
doesn't like that as it wears the track.
There's no pleasing some people.

SPEEDKILLS

As arule, the faster you want to go the
stiffer the bogie has to be, because

it has more energy to deal with. You
really don't want to start hunting at
140mph, as you will soon become
acquainted with local farmland.  use
the phrase ‘want to go'because British
Rail and the Department for Transport
had/has a habit of specifying trains

to be capable of going faster than
they actually will go, just in case. This
happened with the Mk 4 on BR, the
Intercity Express Train from the DfT,
and is now happening with the HS2
rolling stock. High-speed means stiff
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suspension, which when it goes on to
ordinary track gives a bad ride. | share
the guilt for specifying Class 458s for
100mph on the basis that they would
be more flexible, but as it turned
out they rarely exceed 75, so their
bogies could have been less stiff.

The way around this is to use
a HALL bush, which allows slow
movement on curves but the
oil inside it prevents the rapid
movement of hunting. There is
now a HALL 2.0 which moves from
passive restraint to active steering of
the wheelset, although the wheels
still rotate together on the axle.

Trying not to digress too much,
Network Rail also gets sniffy about
axle loads and has convinced
people that anything over 20 tonnes
causes a big increase in damage.
Consequently, there has been a rush
toinside frame bogies because
they are lighter and ride doesn’t
matter anymore since we don't
have a spreadsheet box for comfort.
Having said that, putting inside frame

(perimental train: battery D train vehicle

on the Ecclesbourne Valley Railway.
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I Fon Up

Wheel flange - steering prevents
flange contacting rail and
causing wear, noise and damage.

Not really an axle, but keeps
the wheels the right distance

apart. In a low-floor tram this
would be angled down to
ground clearance level. It doesn’t
rotate, the rotation takes
place in the wheel hub.

Monitoring: kit inside the D train following the movement of the ActiWheel.

bogies on the new sleeping cars is
just criminal negligence in my book.

TREAD CAREFULLY

It has been known since Advanced
Passenger Train days, and probably
earlier, that if you could steer the
wheelset more accurately than the
wheel profile can, you will reduce
wear on the wheel and the rail. There
are two problems with the business
case to do this, which is that the
wheel and rail belong to two different
people, and the fact that it isn't usually
worth the trouble. Network Rail sets
atrack access charge for every new
train, which is arrived at in a fiendishly
complicated way, including the
company’s favourite axle load
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measure and a measure related to
how stiff the bogie is. This is where
I have to try not to put you off so you
page-hop to Alan Williams. Suffice to
say that track access charges are not
much in the grand scheme of things,
although softening the suspension
on the'track lathe’Class 185s cut their
bill from £5.5 million to £4 million per
year. See: barely one director’s salary.
As for the wheels, they dominate
rolling stock maintenance costs now
that brake pads have most of their
work done by regenerative braking
or retarders. Unsurprisingly, millions
have been spent on optimising
wheel re-profiling to extend wheel
life. We can make them out of
harder steel but that just transfers
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theissue to the track, and Network
Rail tends to notice, eventually.

As an ex-Pacer engineer, | was
more than familiar with wheel
wear, which advertises itself with
squealing and disappearing wheel
treads. Pacer wheels have a life of
about 200,000 miles, compared to
a Sprinter of 400,000. This costs the
same as there are half as many wheels
on a Pacer, but clever new stock can
get million mile wheelsets. | could
never justify the cost of steering
wheelsets on Pacers, so on the main
line that s up to five times harder.

So, what has this D stock vehicle
got that makes it worthy of your
valuable time? Motors built into the
wheel hub which steer the wheels by
powering them at different speeds.
Sounds easy doesn'tit, but itisn't. Itis
called theActiWheel Guided Traction
System; and works a bit like a tank,
which steers by one track going faster
than the other. Running the motor
on the outside of the curve slightly
faster than the one on the inside
means you don't need a load of hefty
kit shoving the wheelset about.

ENTRY LEVEL METALLURGY

Motor is inside the Wheel rotates around
hub of each wheel. this bearing surface.

How it works:‘axle’
under the D train.
generated in the wheel-rail interface
described above, along with those
from traction and braking, stretch out
the rail head, causing little cracks.
Metallurgy ideally needs a degree,
but here you can make do with
a paper clip. Bend it a bit and it
springs back, that's how it works;
do that as much as you like and
you still have a paper clip; that's
elastic deformation. Bend it a lot
and it stays bent, which is plastic
deformation, and you now need
anew paper clip. Keep on bending
it backwards and forwards and that
is'work hardening; leading to plastic
fracture. You now have two tools for
getting SD cards out of iPhones, but
definitely need a new paper clip.
The rail head is steel, just

a bit bigger, so if it gets too much
stretching it cracks, showing up as
lots of little lines on the rail head. We
can live with these, but they have
the effect of raising the stress in the
material underneath them, and if
they get deep enough, the effect is
like the little nick in a Kit-Kat wrapper;
a bit of force and it rips apart.

OPPOSING FORCES

After discussing how hard it is to
justify adding this sort of kit, SET
plays its Joker: RCF - rolling contact
fatigue, or gauge corner cracking,
which most of us had never heard of
until the Hatfield accident. The forces

Network Rail apparently spends
about £250 million per year managing
or rectifying RCF, so preventing it

now looks a better bet. Rail grinding
removes the RCF, but at the expense
of rail life, just like wheel re-profiling
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