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(57) Abstract: Railway rails are welded in situ by induction welding with an
insert (3) between the ends of the rails (1) being welded. The insert (3) com-
pensates, at least in part, for the loss of rail length that occurs in the welding
process. Preferably the ends of the rails are pushed apart (e.g. by the length
ofrail consumed in the welding process) before the insert (3) is placed in po -
sition, thereby allowing a longer insert to be used. Induction heating may be
performed with a split head (5) that can be opened so as to be placed around
a rail in situ and then closed to carry out induction heating.
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METHOD, APPARATUS AND VEHICLE FOR WELDING RAILS SAMPLING

The present invention relates to a method and apparatus for welding railway rails. It has
particular application to welding railway rails in situ, such as in place in a railway, and also
to welding together rails that are fixed in place as part of a larger assembly such as a part
or panel of a track junction or crossing, but is not limited thereto.

In the past, railways were laid by butting rails end-to-end, and connecting them with metal
plates known as fishplates. As a train passes over a rail joint of this type, there is inevitably
a slight shock due to the small gap between the ends of the rails. In many modern railways,
rails (lengths of rail) are welded together to form a continuous welded rail. This enables a
smooth connection between the rails, substantially avoiding any shock as a train passes
over the joint. This both reduces rail wear and enables faster running of the trains.
Consequently, the ability to weld rails is important for high speed rail operation.

When railways are being repaired or re-laid, it is common to transport lengths of rail to the
work site by train. Long rails can be carried on special trains made up of rail-carrying
waggons. Each rail extends over multiple rail-carrying waggons, and the rails are
sufficiently flexible to accommodate curves in the track as the train travels. In the course
of the railway repair or re-laying work, the new rails are laid and the ends are welded
together.

The natural length of each rail varies with temperature owing to expansion and contraction
of the metal of the rail. Since there are no gaps in continuous welded rail, which would
allow movement of the rail to accommodate such expansion and contraction, continuous
welded rails are subject to tension or compression forces as the temperature varies. In
order to permit safe operation, and avoid the tension or compression in the rails from
beginning excessive and leading to distortion or movement of the rails, continuous welded
rail is laid so that the rails will be subject neither to tension nor compression, but will be
unstressed, at a predetermined stress free temperature. This temperature varies from
place to place, depending on the local climate. At the end of a rail-laying operation, before
the final welded joint is made, the rails are stressed to bring them to the length they would
have at the stress free temperature and the final welded joint is made in such a way that
the continuous welded rail has the correct length to be free of stress at the required stress

free temperature.
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One known way of welding rails together is by flash butt welding. In this method, the rails
are gripped near the ends that are to be welded together, and a high voltage is applied
between the rails. The rail ends are brought together, and a high current flows through
points on the rail ends that touch. The rail ends are then separated, and the current flows
through electric arcs formed between the rail ends in a process known as flashing. The
distance between the rail ends is adjusted continuously, to ensure that the current
continues to flow, and the rail ends may tend to move towards each other as material is
ejected from them during flashing. The electric current heats the ends of the rails, and
when the welding temperature is reached, the rail ends are forced towards each other with
a forging pressure in a weld upset stage, to create the weld. In order to form the weld
properly, it is important to maintain adequate forging pressure for sufficient time during the
upset stage, and during this stage the rails will move towards each other, forcing some

material out from between the rail ends.

The flashing and arcing during the heating stage tends to clean the rail ends, and any
remaining metal oxides or other impurities that may have been present on the rail ends
typically flow preferentially into the material that is forced out from between the rail ends.
As soon as the welding operation is complete the excess material is removed, and once
the weld is cold the rail head is ground to follow the correct profile in order to make the
weld perfectly smooth for trains running over it.

In order for the weld to form properly, it is known to preheat the rail ends before the flash
butt welding operation, and sometimes also to post-heat the area around the weld after
the welding operation. This is done to ensure that there is a sufficiently even heating and
cooling of the weld, taking into account the shape of the rail. This avoids problems that
might arise because the web and the foot of the rail tend to heat up and cool down more
quickly than the much thicker rail head. Additionally, it reduces problems in weld quality
that may arise if the weld cools down too quickly.

Flash butt welding typically consumes about 30 mm of rail length in each welded joint. In
practice, this consumption of rail in each welded joint is not normally a problem in the laying
of plain line track (track without switches (also known as points or turnouts) or crossings).
At the end of a rail laying operation, when the rail has been pre-stressed and before the
final welded joint is made, the final piece of rail is cut to a length that includes the length
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of rail that will be lost in the welding process in addition to the length of rail required to
reach the rail it is to be welded to. During the initial flash heating phase, the excess length
that will be consumed in the welding process means that this final piece of rail does not fit
neatly in position along the track but is bowed out. However, during the upset period the
rails are forced together under the forging pressure and as the rail is consumed in the
welding operation the final piece of rail acquires the correct length and lies correctly in
position.

Flash butt welding equipment tends to be large and expensive, and is relatively difficult to
transport to the required location for welding rails in situ. Additionally, it consumes a lot of
electricity (typically operating at 500 kW during a welding operation). However, once the
equipment is in position the process is reasonably fast (taking approximately 2 minutes to
form a welded joint), and with a flash butt welding machine that is designed to run along a
railway, it is possible to perform a large number of welded joints in a relatively short time.

An alternative welding method is aluminothermic welding (also known as the Goldschmidt
process). In this method, the ends of the rails are cleaned and spaced slightly apart from
each other. Typically, the rail ends are cleaned by cutting off a short length, since the
cutting process inherently leaves clean cut ends. An appropriately shaped mould (e.g. a
hardened sand mould) is clamped around the rail ends and then the rail ends are heated,
for example with a gas torch. Once the rails are heated, metal to be used in the weld is
melted in a crucible above the mould, typically using the thermite reaction. The molten
metal flows from the crucible into the mould, forming the welded joint. Slag formed during
the welding process, being lighter than the metal, floats to the surface and therefore does
not end up in the weld between the weld ends. Once the weld is cool enough, the mould
can be taken away and surplus weld material removed. When it is cold, the welded joint
is ground to the correct profile to allow trains to run smoothly over it.

Unlike flash butt welding, the aluminothermic welding process does not consume any
length of rail, because the gap between the rails is filled by the weld material poured into
the mould, and it is not a forge weld so that there is no upset process in which the rail ends
are pushed towards each other. Additionally, this process has the advantage that it
requires relatively small and simple apparatus, which can be transported easily to the work
site for in situ welding, and welding can be carried out by a small team of, for example, two
people.
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However, the process is slow and it can take up to two hours to carry out the entire welding
process. Accordingly, aluminothermic welding is useful when a small number of welded
joints are required in a remote location, and for making welded joints when working on
little-used track. On the other hand, it is less convenient when work is carried out on a
heavily-used stretch of track. When track engineering work is carried out overnight, on a
line that is heavily used during the day, the track may be closed to trains for only eight
hours (or even less) at a time. If the welding operation required at the end of the
engineering work, in order to restore the track to a condition suitable for trains to run over
it, takes two hours, then a quarter of the total track closure time has to be set aside for the
final welding operation, substantially cutting in to the amount of time available to carry out
the work that is to be done.

Both flash butt welding and aluminothermic welding have the advantage that they do not
require a protective atmosphere, which can be difficult to provide when welding railway

rails in situ.

Other types of welding have been proposed for railway rails, although they are not widely
used. JP-A-2001-105158 proposes a form of diffusion welding in which the joint to be
welded is enclosed in an inert argon atmosphere. A 30 um thick insert is placed between
the surfaces to be joined. The insert is composed of a different material from the rails.
The joint is heated by induction heating to a temperature above the liquidus temperature
of the insert but below the solidus temperature of the rails, and the rails are pressed
together. A special shape is proposed for the induction heating coil, to help the rail to heat
evenly in spite of the different thicknesses of different parts of the rail.

Figure 1 shows a crossover enabling a train to cross from one track to another parallel
track. The crossover includes two sets of points. The parts of the track that move to
change the path to be followed by a train are known as switches. The places where the
paths of the rails cross each other, are known as crossings (or frogs). Thus the crossover
has two switches and two crossings. The maximum permitted speed of a train that
changes tracks using the crossover will depend on the radius of the curves it travels over
and therefore if a high speed is required all the curves will have a large radius. This has
the consequence that the points (switches) are very long. Additionally, in order to ensure
smooth running of high speed trains, all rail joins involved must be welded and the
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geometry of the entire crossover is carefully calculated and the crossover must be
constructed so as to follow this geometry accurately.

In order to ensure correct and accurate construction, the crossover will be built in a factory,
and must then be transported to the location where it is to be installed. However, the size
of the crossover means that it is not practical to transport it in a single piece. Additionally,
even if some way could be found to mount it on a railway train without damage, the
crossover cannot flex around track curves, unlike lengths of ordinary rail. Therefore the
crossover of Figure 1 is divided into eight parts, shown with broken lines and labelled a to
h in Figure 1, each of which is small enough to be transported to the location where the
crossover is to be installed. The eight parts then have to be assembled on site precisely
in the correct positions.

It will be appreciated that the rails involved in the crossover will need to be joined to each
other at the edges of each of the eight parts. Therefore the arrangement shown in Figure
1 requires twenty-two welded track joints within the crossover, in addition to the eight
welded track joints required to join the crossover to the remainder of the track. It is not
possible to use flash butt welding for these welded joints because there is no way to
accommodate the consumption of about 30 mm of rail at each welded joint. Even if it was
possible to move the rails to accommodate the consumption of rail by the welding process,
this would inevitably upset the geometry of the rails, which must be avoided. Furthermore,
various other components need to be fixed to the rails in the crossover of Figure 1, and
these must be fixed at the correct positions. These are either already fixed in place in the
factory, or fixing points (such as pre-drilled holes) are provided at the factory to allow fixing
at the correct position when the crossover is being assembled in position on the railway.
If a rail is moved, to accommodate the consumption of rail in a welding process, the
components or their fixing points will inevitably also be moved, with the result that the
components will no longer be in their correct positions. Additionally, some of the joints
(especially at the toes of the points) have to be formed in a very restricted space, and there
is not room to fit a flash butt welding head into the space available. Accordingly, the joints
in the crossover of Figure 1 will normally be welded by aluminothermic welding. Although
aluminothermic welding provides a high quality welded joint without disturbing track
geometry, the time taken to perform the large number of welds required in the crossover
of Figure 1 means that the two tracks involved will have to be closed for an extended
period, which would cause considerable inconvenience if the tracks are heavily used.
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A similar issue can arise during the manufacture of the crossover of Figure 1. It may be
convenient in the factory to make each of the parts a to h in separate sub-parts. These
sub-parts are then joined together prior to transportation to form the largest parts that can
be accommodated on the wagons used to transport them (i.e. the eight parts a to h shown
in the Figure). When the sub-parts are joined together, the rails have to be welded to each
other. The consumption of rail during this welding operation is disadvantageous for the
reasons discussed above, and so aluminothermic welding is used. As a result, the joining
of the sub-parts in the factory can take an undesirably long time.

One aspect of the present invention provides a method of welding railway track by
induction welding using an insert between the ends of the rails to be welded.

By using an insert, the consumption of rail during the welding process can be eliminated
or substantially reduced as compared with flash butt welding. The induction welding
process, in which the rail ends are heated to welding temperature by induction heating,
enables a metal insert to be used without interfering with the welding process. Because
the insert eliminates or reduces the consumption of rail during the welding process, the
method of induction welding with an insert can be used in at least some locations where
flash butt welding would not be suitable. The induction welding process is fast (typically
taking less than 5 minutes, and so is comparable in speed to flash butt welding), and
therefore can be more convenient than aluminothermic welding if there are time constraints
on the overall job of which the rail welding forms a part. Induction welding typically requires
less power than flash butt welding. This can lead to cost savings from reduced power
consumption. Additionally, in some circumstances it may be possible to power the
apparatus performing this process from a pre-existing external electricity supply rather
than using a dedicated electricity generator. In the case of mobile apparatus, this can lead
to a reduction in cost, size and weight of the apparatus.

The invention may be used to weld rails in situ, in position on a railway. It may also be
useful in other environments, such as when making the parts of a prefabricated track
section such as the crossover of Figure 1, in which the individual parts may themselves be
made of smaller prefabricated parts or panels that need to be joined together without
distorting the track geometry, for example in a factory prior to transportation. In at least
some embodiments, the invention is usable to join rails while they are fixed to other
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components, such as rails that are clipped to rail supports such as sleepers or bearers. It
may be useful to weld together rails while they are fixed to other components, for example
when it is important that the welding operation does not to disturb the existing track
geometry, and to avoid the extra work involved in unfixing the rails from the other
components prior to welding and re-fixing them afterwards.

Preferably the ends of the rails are pushed apart (e.g. by the length of rail consumed in
the welding process) before the insert is placed in position, thereby allowing a longer insert
to be used. Induction heating may be performed with a split head that can be opened so
as to be placed around a rail in situ and then closed to carry out induction heating.

According to an aspect of the present invention there is provided a method of welding rails,
comprising moving the ends of the rails to be welded apart from each other, placing a
metal insert (preferably at least 6 mm and more preferably at least 10 mm long) between
the rail ends, heating the rail ends to welding temperature by induction, and forcing the
heated rail ends against the insert with a forging pressure to create a welded joint (in
practice, usually forming a weld at each end of the insert). Normally the ends (at least) of
the insert are also heated to welding temperature. The temperature midway along the
insert may be lower than at the ends.

The terms “forging force” and “forging pressure” are used in this application to mean a
force or pressure that presses the ends of the rails together during the welding process so
as to cause displacement of material.

The welding temperature may be about 1300 °C, e.g. in the range of 1250 °C to 1350 °C.
During the upset phase, in which the rail ends are forced together with a forging pressure,
the rails may be pressed together with a force of 250 to 350 kN, e.g. in the range of 280 to

300 kN.

Aspects and optional features of the present invention are set out in the accompanying

claims.

Preferably the ends of the rails are cleaned before the insert is placed between them. For
example, a piece may be cut off the end of each rail. If desired, the ends of the insert
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and/or the ends of the rails may be coated with flux, but this is not always necessary.
Preferably, the ends of the rail press against the insert while the rail ends are heated by
induction, which helps to keep the insert in place. Pressing the ends of the rail against the
insert also helps to reduce the extent to which the rail ends and the insert ends are in
contact with air, which reduces any need to use flux. The force used to press against the
insert during the heating stage is typically about 10% of the force used during forging, and
so a force of 25 to 35 kN, e.g. in the range of 28 to 30 kN, may be used during the heating
stage.

The process can be carried out in air. It is not necessary to provide a protective
atmosphere of an inert gas around the rail ends being joined.

In one embodiment, the insert has a length of 10 to 12 mm longer than the space between
the ends of the rails before the rails are moved apart (and after the rails have been cleaned
in the case that the rails are cleaned before they are moved apart). Since it is anticipated
that about 10 to 12 mm of rail will be consumed in the rail welding process, this has the
consequence that the ends of the rails after welding have approximately the same
separation as they had before welding, taking into account any length that is lost in the
cleaning process, so that the stress in the rails after welding is approximately the same as
the stress in the rails before welding.

In an alternative embodiment, the insert is less long, with the result that the rails after
welding may be under greater tensile stress than they were before welding. In this
alternative embodiment, it is not necessary to move the rails apart from each other by as
great a distance, in view of the reduced length of the insert, and this may be advantageous
if it is difficult to move the rails further without disturbing the track geometry. The increased
tensile stress in the rails after welding is not necessarily a disadvantage, particularly if the
welding operation is carried out while the rails are at a temperature which is less than the
desired stress free temperature for the rails. In this case, it will be necessary to stretch
the rails to bring them to the correct level of stress for the actual rail temperature (i.e. so
that the rail has no stress at the required stress free temperature). Therefore the creation
of tensile stress by the welding process can contribute to the required stressing of the rail.

In practice, the length of the insert will depend on several factors, such as the length of the
gap between the rail ends after cleaning or cutting, the distance that the rail ends can be
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pushed apart, and the distance by which it is desired to stretch the rails to be joined.
Preferably the insert is at least 6 mm long, since this is approximately the minimum gap
that can be cut between the rails by a rail saw, in order to obtain clean rail ends. More
preferably, the insert is at least 10 mm long, so that it can substantially compensate for the
length of rail lost in the induction welding process. On the other hand, the insert might be
as long as 40 mm.

If the gap between the ends of the rails, after cutting with a rail saw, is 6 mm, and then it
is only possible to move the ends of the rails apart only by about 2 mm each (therefore
4 mm in total), there will only be about 10 mm between the ends of the rails after they have
been moved apart and so this will be the maximum possible length of the insert. On the
other hand, if the rail ends can be moved about 10 mm apart in total (5 mm each), so as
substantially to compensate for the length of rail that will be lost in the induction welding
process, and the gap between the rail ends after cutting with a rail saw is 6 mm, the insert
can be 16 mm long. If the gap cut by the rail saw is larger, a longer insert can be used.

Typically, the insert will have the same profile (cross-sectional shape) as the rails that are
being joined.

The insert may be made of the same material as the rails or a different material. In the
welding process, the insert and the ends of the rails should be heated to a temperature
below the liquidus temperature of the insert at atmospheric pressure, to reduce the risk
that the insert will melt and flow out of the space between the ends of the rails. The ends
of the rails and at least the ends of the insert will normally be heated to a temperature
above the solidus temperature of the insert at atmospheric pressure.

According to another aspect of the present invention there is provided apparatus for
welding first and second rails together, comprising first clamping means for gripping the
first rail, second clamping means for gripping the second rail, means for applying force to
move the first and second clamping means away from each other and for applying force
to move the first and second clamping means towards each other, and an induction heating
coil arranged to be placeable around the ends of the first and second rails between the
first and second clamping means, and to be removable from the rails after they are welded
together. Preferably, the induction heating coil is a split coil, enabling it to be opened to
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pass around the rails by movement in a direction transverse to the longitudinal direction of
the rails, and to be closed around the rails for performing induction heating.

In one embodiment, there are first and second induction heating coils. Accordingly, one
induction heating coil can heat the end of the first rail and the other induction heating coil
can heat the end of the second rail. The induction heating coils may be arranged so as to
be movable towards and away from each other, in a direction parallel to the length of the
rail, thereby to accommodate a range of separation distances between the ends of the first
and second rails during the induction heating process.

Preferably, the apparatus includes a control system and means for supplying force to move
the first and second clamping means towards and away from each other. Preferably, the
clamping means are moved towards and away from each other by hydraulic pressure. An
electric power supply, typically including an electric generator, may also be present.

Preferably the apparatus is self-contained, except that it may need an external source of
electricity if it does not include an electric generator, and it is preferably mobile. For
example, the apparatus may be integrated into a vehicle (preferably self-propelled), or it
may be mounted on a frame or in a container that can in turn be mounted on a road or ralil
vehicle. The use of a frame or container allows the apparatus to be moved from vehicle
to vehicle as required

Accordingly, an aspect of the present invention provides a vehicle comprising the welding
apparatus. The vehicle may be adapted for movement over the ground or may be adapted
for movement along a railway track. Preferably, it has means such that it can move both
along a railway track and over the ground.

Embodiments of the present invention, given by way of non-limiting example, will now be

described with reference to the accompanying drawings.

Figure 1 shows the track layout for a crossover between two parallel tracks, manufactured
in eight parts.

Figures 2(a) to 2(e) show schematic side views of steps in a rail welding process in an
embodiment of the present invention.
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Figures 3(a) to 3(e) show schematic side views of steps in an alternative rail welding

process in an embodiment of the present invention.

Figures 4(a) and 4(b) show an end view (a) in a closed position and (b) in an open position

of an induction coil unit used in an embodiment of the present invention.

Figure 5 is a side view of the induction coil unit.

Figure 6 is a side view of a pair of induction coil units.

Figure 7 shows the main components of a welding head for use in an embodiment of the

present invention.

Figure 8 shows the main components of a welding apparatus in an embodiment of the

present invention.

Figure 9 show a vehicle carrying the welding apparatus of Figure 8.

Figure 10 shows a container carrying the welding apparatus of Figure 8.

Figure 2 shows schematically the main steps in a method of welding railway rails 1 together
in situ, according to one embodiment of the present invention. Figures 2(a) to 2(e) show
the end portions of the rails 1 in side view, and for ease of understanding Figure 2(a) also

shows a rail in end view.

Although it may not always be necessary, it is usually preferable to clean the ends of the
rails 1 before welding. One way to do this is to cut a short distance off the end of each ralil
1. This is shown in Figure 2(a), where the broken lines indicate where the new end face
of each rail 1 will be after cutting. The positions of the rails 1 after cutting is shown in
Figure 2(b).

In the present embodiment, it is intended that, following the welding operation, the rails 1
should neither have moved nor be placed under tensile stress. It is anticipated that the
induction welding operation will consume about 10 mm to 12 mm length of rail. Therefore,
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each rail 1 is pushed back by 5.5 mm in order to increase the gap between them by 11 mm,
corresponding to the length of rail that will be consumed in the welding process, and an
insert 3, which will partially be sacrificed during the welding operation, is inserted into the
gap, as shown in Figure 2(c). The insert 3 will normally have the same cross-section as
the rails 1, and may be made of the same or a different material, depending on the
requirements for obtaining a strong welded joint. In order to move the ends of the rails 1
apart, as shown in Figure 2(c), each rail 1 is gripped near its end by rail grippers or clamps
(not shown), which are then forced apart (typically using a hydraulic cylinder) to separate
the rails. Hydraulically driven rail clamps are well-known in the art. It may be necessary
to unclip the rails from their supports (bearers or sleepers) along part of their length before
pushing them apart. The unclipped length of rail can bow out from its correct position to
accommodate the movement of the end of the rail.

In Figure 2(b) there might be a gap of, for example, 8 mm between the ends of the rails 1
after they have each been cut in order to obtain a clean end. This is a reasonably practical
gap to create between the ends of the rails by cutting the ends with a rail saw.
Consequently, in Figure 2(c) the rails 1 are 19 mm apart (11 mm + 8 mm = 19 mm). The
insert 3 is 19 mm long and fills the gap.

Once the insert 3 has been inserted, the rails 1 are in the state shown in Figure 2(d), and
are ready for welding. Preferably, the force used to separate the rails 1 is relaxed at least
partially in this state, so that the rails 1 grip the insert 3 firmly and hold it in place. If
necessary, preheating can be carried out at this stage, for example using a gas flame or
an induction coil. For the welding process, an induction welding head is fitted round the
position of the insert 3 and the ends of the rails 1. The induction welding head may have
a single induction coil which will heat the ends of both rails 1, and possibly the full length
of the insert 3 as well, or alternatively a separate induction coil may be provided for the
end of each rail 1. The choice will depend in part on the size of the insert 3 used and the
extent to which it is desired to heat the full length of the insert 3.

During the welding operation, heat is induced in the end regions of the rails 1 by electric
current flowing in the coil or coils of the induction head. Once the welding temperature is
reached, the welding operation moves from its heating stage to its upset stage and the
ends of the rails 1 are forced together with a forging force (which can be provided if
necessary by driving the clamps near the ends of each rail towards each other), in order
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to create a forge welded joint between the ends of the rails 1. The welded joint normally
comprises the insert 3 and a weld at each end of the insert 3, welding the insert 3 to the
corresponding rail 1. Each weld normally has a grain boundary and a heat-affected zone
on each side of the grain boundary. Depending on the pattern of heating and the length
of the insert 3, the heat affected-zone within the insert 3 arising from the weld at one end
of the insert may be separate from the heat-affected zone arising from the weld at the other
end of the insert, or the heat-affected zones may merge.

The movement of the ends of the rails 1 towards each other to create the forge welded
joint during the upset phase of the welding operation inevitably results in some material
being displaced sideways from the welding zone. The displaced material can be removed,
at least from the top and sides of the head of the rail, while the weld zone is still hot and
the material is soft. This material may originate partially from the insert 3 and partially from
the rails 1. However, because the upset length (the distance by which the rails 1 are
moved towards each other to create the forge welded joint) is equal to the amount by which
the rail ends were pulled apart from each other when moving from Figure 2(b) to Figure
2(c), the rails at the end of the welding operation as shown in Figure 2(e) are in the same
position as they were in Figure 2(b), before they were pushed back, and are not under
tensile stress. The length of the insert 3 has provided material both to bridge the gap
between the ends of the rails 1 in Figure 2(b) and to compensate for the material lost in
the forging process. Accordingly, this welding method can be used to form at least some
of the welded joints required in the crossover shown in Figure 1 without distorting the track
geometry in the crossover.

As discussed above, the ends of the two rails 1 are pushed together in the upsetting phase
of the welding process, to form a forge welded joint, and it is estimated that around 10 to
12 mm of rail is consumed in the welding process. Accordingly, in the method of Figure 2,
after the ends of the rails 1 have been cleaned, they are pulled back by a total of 10 to
12 mm, so that the loss of rail length in the welding process merely returns the rails to their
original positions and the entirety of the rail length lost in the welding process is made up
by the excess in the length of the insert 3 over the distance between the ends of the rails
1 before they are pushed back.

However, in practice it may not always be advisable, or even possible, to push the ends of
the rails 1 apart by this much. The crossover of Figure 1 is built in a workshop, with highly
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accurate track geometry. In order to ensure and maintain the track geometry, the
crossover is made as eight track panels a to h, and in each track panel the respective
lengths of rail are clipped to bearers fixed accurately in the correct positions. In order to
reduce the amount of work involved, and to avoid disturbing the track geometry, it is
desirable not to unclip the rails from the bearers in the welding process. However, it is
difficult to push the end of a rail 1 back by as much as 5 to 6 mm while the rail is clipped
to the bearers, and any attempt to do so might cause the entire track panel concerned to
move, which would itself upset the overall track geometry of the crossover. In these
circumstances, it might be more realistic to push each rail end back by about 2 mm. This
results in a slightly modified welding process, as illustrated in Figure 3.

Figures 3(a) to 3(e) correspond to Figures 2(a) to 2(e). Figures 3(a) and 3(b) are identical
to Figures 2(a) and 2(b), and the steps of cleaning/cutting the ends of the rails 1 are the
same as in the method of Figure 2. Accordingly, in Figure 3(b) the ends of the rails 1 are
about 8 mm apart, as in Figure 2(b). However, when moving from the state shown in
Figure 3(b) to the state shown in Figure 3(c), the end of each rail 1 is moved away from
the other rail 1 by only 2 mm, so that the gap between the ends of the rails 1 increases by
a total of 4 mm to make a gap in Figure 3(c) of 12 mm (as compared with 19 mm in Figure
2(c)). Accordingly, the insert 3 used in the process of Figure 3 is only 12 mm long.

After the insert 3 is placed in position, the induction welding process is carried out in the
same way as in the method of Figure 2. In order to form a good welded joint, the upset
length (i.e. the distance by which the end portions of the rails 1 are forced towards each
other to create a forge welded joint) is the same in Figure 3 as in Figure 2. Because the
rails 1 were not pulled apart from each other as much as in the process of Figure 2, the
rails 1 in Figure 3 do not merely return to their original positions but have to be pulled
towards each other by the rail clamps, placing the rails 1 under tension. In Figure 3, the
insert 3 was 12 mm long, thereby providing sufficient rail length to fill the 8 mm gap
between the ends of the rails 1 in Figure 3(b) and additionally contributing 4 mm towards
the length of rail that is consumed in the welding process. Assuming that 11 mm of rail is
consumed, this means that the rails 1 must contribute 7 mm (or 3.5 mm each) to the length
of rail that is consumed in the welding process, and therefore the rails 1 will end up by
being stretched by this much once the welded joint is formed, as shown in Figure 3(e).
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The stressing of the rails 1 at the end of the welding process of Figure 3 is not necessarily
problematic, even when it occurs in the welding of a region of track with complex precise
geometry such as the crossover of Figure 1. The total loss of rail length in the welding
process of Figure 3 is about 7 mm, which is much less than the 30 mm that is typically lost
in a flash butt welding process. It is often the case that track work is carried out when the
rails are at a temperature that is considerably less than the required stress free
temperature of the rail (the stress free temperature is normally set to be towards the upper
end of the temperature conditions that can be expected in normal weather conditions, and
for example is 27°C in the United Kingdom). Consequently, at the end of the track welding
process it will normally be necessary to tension the track to restore it to the correct stress
free temperature, and the stress created in the track by the relatively short length of rail
loss in the process of Figure 3 can often be absorbed in the stress restoration process.

As discussed above, the insert 3 is preferably at least 10 mm long. This enables it to
provide enough material to fill the gap left by cutting the ends off the rails 1 in order to
provide clean ends for the welding operation, since it will normally be possible to leave a
gap of less than 10 mm between the ends of the rails after cutting. The additional length
of the insert, beyond the length of the gap between the two rails, will depend on how far
the rails will be pushed back. In some circumstances, it may only be possible to push each
rail back by 2 to 3 mm, in which case an insert length of 12 to 16 mm will usually be
appropriate. However, if the rails can be pushed back further, and it is not desired to
introduce any tension into the rail after welding, an insert length in the range of 18 to 22 mm
is likely to be appropriate. In general, the length of an insert is likely to fall within the range
of 10 to 25 mm. Even longer inserts can be used, for example because the separation
between the rails after cleaning is greater than usual or because the rail temperature while
the work is being carried out is above the desired stress free temperature and so it is
useful, from the point of view of stress restoration, to leave the rails in compression after
welding. However, it becomes difficult to carry out the welding operation satisfactorily if
the insert is too long, and it is anticipated that in practice the inserts are unlikely to exceed

40 mm.

Figure 4 shows an end view of an induction coil unit that may be used in the induction
welding processes described with reference to Figures 2 and 3. It might typically take
about 50 to 60 kW of power, at a frequency of about 10 kHz.
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The welding operation may be carried out in situ on a railway track, or in other situations
where the rails are attached to further components such as sleepers. Therefore itis usually
not possible to position the induction coil unit 5 around the rail 1, and remove the induction
coil unit 5 from the rail 1 after welding, by passing the end of the rail 1 through the induction
coilunit5. Consequently, the induction coil unit 5 has a split coil construction and is formed
of two parts 5a, 5b joined at a hinge 7. In Figure 4(a) the induction coil unit 5 is shown in
its closed position, extending fully around the rail 1 and ready for induction heating of the
rail 1. In Figure 4(b) the induction coil unit 5 is shown having been partially opened by
rotation around the hinge 7, enabling it to be placed over and removed from the rail 1. The
use of split coils is known in the art of induction welding, and does not need to be described
further.

The induction coil unit 5 does not have a circular shape, as would conventionally be used
for induction welding of pipes, but is formed to take account of the non-circular cross-
sectional shape of the rail 1. The precise shape of the induction coil unit 5 will normally be
chosen depending on the cross-sectional shape of the rails that it is intended to be used
with. It should be noted that the shape of the induction coil unit 5 does not necessarily
follow the cross-sectional shape of the rail 1 precisely. In order to obtain substantially
uniform heating of the rail 1, and taking into account the different thicknesses of the
different parts of the rail 1, the induction coil unit 5 may be shaped so as to come closer to
some parts of the rail cross-section than to others. Additionally, different frequencies of
the AC current supplied to the induction coil may be appropriate for heating different parts
of the rail 1 and the insert 3, according to the different thicknesses of the different parts.
Consequently, the current frequency may be varied over time to provide the desired
heating effect, and/or two or more current frequencies may be applied to the induction coll
simultaneously for at least a part of the induction heating period.

The induction coil unit 5 is shown in side view in Figure 5. As can be seen in Figure 5, the
induction coil unit 5 is long enough so that it overlaps and heats the ends of both rails 1.
Accordingly, it also encloses the insert 3. In order to avoid heating the insert 3 excessively,
as compared with the rails 1, the colil in the coil unit 5 may be wound more densely where
it encloses the ends of the rails 1, in order to heat these regions preferentially.

Figure 6 shows an alternative arrangement, in which two shorter induction coil units 5 are

used, one placed around the end of each rail 1. Optionally, the induction welding
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apparatus may include means to move the two induction coil units of Figure 6 towards and
away from each other, as indicated by the double arrow in Figure 6. This enables the
induction welding apparatus to be used with a variety of lengths of insert 3.

Figure 7 shows schematically the main components for an induction welding head for

welding railway rails in situ, according to one embodiment of the present invention.

First and second clamping means 9 are provided to grip the end portions of the first and
second rails 1 respectively. A high power double action hydraulic cylinder 11 and piston
13 connect the two clamping means 9 and can apply strong and controlled forces to push
the clamping means (and therefore the clamped end portions of the rails 1) apart or pull
them together. In this way, the hydraulic cylinder 11 and piston 13 act as drive means for
applying force to move the first and second clamping means towards each other and for
applying force to move the first and second clamping means away from each other. In the
present embodiment, the cylinder 11 and piston 13 are positioned so that they are
alongside the rails 1 in use, in order to keep them out of the way of the induction coil units
5. Preferably, a second high power hydraulic cylinder 11 and piston 13 are provided on
the other side of the rails 1, to ensure that pushing and pulling forces are applied
symmetrically to the clamping means 9, and to avoid any tendency to twist the rails 1 by
asymmetric application of force. The hydraulic cylinder 11 and piston 13 are connected to
the clamping means 9 in a manner that ensures that they are spaced sideways from the
rails 1 sufficiently to enable the induction coil units 5 to be inserted downwardly, and
removed upwardly, from around the rail with the coil units 5 in their open position.

The arrangement of Figure 7 uses two separate induction coil units 5, as shown in Figure
6. They are supported by a small low power hydraulic cylinder 15 and piston 17 which can
move the induction coil units 5 towards and away from each other, depending on the length
of the insert 3 used on any particular occasion. It is not necessary to use a hydraulic
cylinder and piston to drive the induction coil units, and any other convenient arrangement
can be used, such as a worm screw drive. Electric cables 19 supply electric power to the

induction coil units 5.

The hydraulic cylinders 11, 15 may be fitted with pumping handles for manual operation,

or may have connections to receive pressured hydraulic fluid from a reservoir or pump.
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The induction coil unit or units 5 and the hydraulic cylinder 15 and piston 17 (or other
apparatus for moving the induction coil units 5) will normally be enclosed in a casing for
protection, and a casing may also be provided around the high power hydraulic cylinder
11 and piston 13. A cooling system is normally provided to prevent the induction coil or

coils from overheating.

Figure 8 shows schematically a welding apparatus using the welding head components
shown in Figure 7. The components shown in Figure 7 are contained in a welding head
21. This is connected to a power supply 23 for providing electric power to the induction
coil unit or units 5, and also to other components requiring electric power. A hydraulic
reservoir and pump unit 25 maintains a supply of pressurised hydraulic fluid and supplies
it to the welding head 21 to drive the hydraulic cylinder 11, and also the hydraulic cylinder
15 if present. A cooling system 27 is connected to the welding head 21 to cool the
induction heating coils. A control unit 29 is connected to the other components to control
the operation of the welding apparatus, and includes input and output devices for an
operator.

It is anticipated that the power supply 23 will normally need to deliver approximately 60 kW
of electric power in order to drive the induction coil unit or units 5. By contrast, a flash butt
welding apparatus may consume about 500 kW. Consequently, the power supply unit 23
can be substantially smaller and lighter than the power supply required in a flash butt
welding apparatus. This in turn can make a welding apparatus according to the present
embodiment substantially smaller, lighter and easier to manoeuvre than a flash butt
welding apparatus. The power supply unit 23 may contain an electric generator, in order
to make the welding apparatus self-contained. However, the relatively low power
consumption of the induction coil unit or units 5 means that it may be possible in some
circumstances to use an external source of electricity. For example, a metropolitan
underground railway system may have three-phase electricity outlets in its tunnels. For a
system that uses 230 V single phase, 400 V three phase, a three phase connection might
need to supply about 175 A to power the apparatus as a whole, and this magnitude of
current may be within the capacity of the electrical system powering the outlets.
Consequently, the apparatus of Figure 8 may omit the electric generator from the power
supply 23 in some cases. This further reduces the cost, size and weight of the apparatus.
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The apparatus of Figure 8 may be provided as a free-standing unit, possibly without the
hydraulic reservoir and pump unit 25 in order to save space if manual operation of the
hydraulic cylinders is acceptable. However, the welding apparatus will more normally be
provided on a vehicle.

Figure 9 shows a vehicle 31 comprising the welding apparatus of Figure 8. The vehicle
31 has an arrangement of wheels 33 which enable it to be driven on the ground and also
to drive on a railway, as is known in the railway maintenance art. An arm 35, extending
from the vehicle 31, carries a rail-engaging unit 37. The arm 35 can be raised and lowered,
so as to allow the rail-engaging unit 37 to be placed over a rail join where a welded joint is
to be formed.

The rail-engaging unit 37 includes the welding head 21 of Figure 8, and preferably also
includes at least part of the control unit 29 together with some controls for moving the arm
35, in order to enable the welding apparatus to be controlled by an operator standing
beside the track. However, the power supply 23 will normally be located in the main part
of the vehicle 31 in view of its weight and bulk, and the hydraulic reservoir and pump unit
25 may be provided in the main part of the vehicle 31 also. The vehicle 31 of Figure 9 is
a fully independent unit. It can be self-propelled and may include an electricity generator
so that it can work substantially anywhere on a railway network.

Alternatively, the apparatus may be mounted on a frame or in a container 39, as shown in
Figure 10. The apparatus of Figure 10 includes the arm 35 and the rail-engaging unit 37,
and all the other parts of the welding apparatus of Figure 9. It may omit the electricity
generator. The apparatus of Figure 10 may be mobile, and may be mounted on a road or
rail vehicle for transport to a site where welding is required. It may be moved from vehicle
to vehicle if this is desired.

The embodiments described above are provided by way of example, and are not intended
to limit the scope of the invention. Various alternatives and modifications will be apparent
to a reader skilled in the art.
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CLAIMS

1. A method of welding railway rails comprising:

placing a metal insert (3) between the ends of first and second rails (1);

heating the ends of the first and second rails (1) by electromagnetic induction, to
reach a welding temperature;

forcing the ends of the first and second rails (1) towards each other with a forging
pressure, while the insert (3) is between the ends of the first and second rails (1), and
thereby welding each of the first and second rails either to the insert (3) or to the other of
the first and second rails.

2. A method according to claim 1 in which the step of forcing the ends of the first and
second rails (1) towards each other with a forging pressure comprises moving the rails
towards each other to create a forge welded joint.

3. A method according to claim 1 or claim 2 in which the ends of the first and second
rails are pressed together with a force of 250 to 350 kN during the said step of forcing the
ends of the first and second rails towards each other with a forging pressure.

4. A method according to claim 1 or claim 2 in which the ends of the first and second
rails are pressed together with a force of 280 to 300 kN during the said step of forcing the
ends of the first and second rails towards each other with a forging pressure.

5. A method according to any one of the preceding claims in which the insert is at

least 6 mm long.

6. A method according to any one of the preceding claims in which the ends of the
first and second rails (1) are moved away from each other before the insert (3) is placed

between them.
7. A method according to claim 6 in which the ends of the first and second rails are
moved away from each other by at least 4 mm in total before the insert (3) is placed

between them.

8. A method according to claim 7 in which the insert is at least 10 mm long.
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9. A method according to claim 6 in which the ends of the first and second rails are
moved away from each other by at least 10 mm in total before the insert (3) is placed

between them.

10. A method according to claim 9 in which the insert is at least 16 mm long.

11. A method according to any one of the preceding claims in which temperature, to
which the ends of the rails are heated, is below the liquidus temperature of the insert (3).

12. A method according to any one of the preceding claims in which temperature, to
which the ends of the rails are heated, is above the solidus temperature of the insert (3).

13. A method according to any one of the preceding claims in which a piece is cut from
the end of each of the first and second rails (1) before the insert (3) is placed between
them.

14. A method according to any one of the preceding claims that is carried out in air
without the provision of an inert gas atmosphere.

15. A method according to any one of the preceding claims which is carried out while
the rails are attached to members that are in turn attached to other rails.

16. A method according to any one of the preceding claims in which the first and
second rails are part of a pre-formed portion of railway track that includes at least one
switch and at least one crossing.

17. Apparatus for welding railway rails, comprising:

first clamping means (9) for gripping a first rail (1);

second clamping means (9) for gripping a second rail (1);

means (11) for applying force to move the first and second clamping means
towards each other and for applying force to move the first and second clamping means
away from each other; and
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induction heating means (5), including at least one induction heating coil, placeable
around rails gripped by the first and second clamping means at a position between the first
and second clamping means (9).

18. Apparatus according to claim 17 in which the induction heating means (5) is
movable between a closed state in which it can heat a rail (1) by electromagnetic induction,
and an open state in which it can be withdrawn from a rail (1) by movement transversely

of the rail.

19. Apparatus according to claim 17 or claim 18 in which the induction heating means
(5) comprises first and second induction heating coils, which are movable relative to each
other in a direction parallel to the direction of the said movement of the first and second
clamping means towards and away from each other.

20. Apparatus according to any one of claims 17 to 19 in which means for applying
force is arranged to apply force to move the first and second clamping means towards
each other with a force of 250 to 350 kN.

21. Apparatus according to any one of claims 17 to 19 in which means for applying
force is arranged to apply force to move the first and second clamping means towards

each other with a force of 280 to 300 kN.

22. Apparatus according to any one of claims 17 to 21, further comprising a power
supply (23) and control means (29).

23. Apparatus according to claim 22 in which the power supply (23) comprises means
to generate electricity.

24, A vehicle comprising apparatus according to any one of claims 17 to 23.
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