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(57) Abstract: This invention relates to a welding process for welding adjoining ends of adjacent sections of railway line (1,2) in
situ, the process including attaching a vibration apparatus (3) on the railway line and vibrating the line at a suitable low frequency of
vibration and amplitude of vibration, such inputs being preset and/or adjustable during the process by a vibration control means(12)
to measure the frequency and amplitude of vibration and being adapted to allow adjustments to the frequency of vibration and the
amplitude of vibration; then welding the sections of railway line together during the period of vibration applied to the sections of
railway line until the weld is complete; and continuing to vibrate the sections of railway line about the weld area (19) for a period of
time sufficient to allow heat to dissipate from the weld area.
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METHOD OF WELDING RAILWAY LINES
TECHNICAL FIELD

This invention relates to joining railway lines. More particularly, but not exclusively, the

present invention relates to a method of welding railway lines.
BACKGROUND ART

Modern railway lines are generally made of a high carbon steel as it is considered to be a
suitably durable material. As some railway lines endure harsh weather environments along
with heavy axle train and carriage loadings, even these high carbon steel lines suffer the risk
of cracking and buckling and joint failures from time to time. The consequences of a track
failure can lead to catastrophic derailments leading to loss of life and damage to property.
Therefore, the integrity of railway lines is paramount to achieving the safe carriage of persons

and property across countries.

The repairing of cracks and defective or failed joints in railway lines is a major problem for
railway companies. One method of repairing a failed line is to cut out a section of line on
either side of the defective area, thus requiring welding two joints when inserting the
replacement section of railway line into the track. This type of repair work is time

consuming and can result in potentially weak and defective weld joints if the work not carried

out properly.

One trend with railway lines is with welding or joining sections of railway track to form a
continuous welded line. However, it has been evident that these joins can suffer from fatigue
and even, in some instances, premature failure by cracking through the weld joint. It has
been a challenge to maintain the integrity of railway lines in recent years, particularly when
lines are subjected to various stresses and strains imposed from trains having a heavy axle

loading. The techniques for joining and rejoining sections of railway line have come under
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intense focus and pressure in recent years as a result of rail failures, and concerns over the

reliability of tracks are effecting the safe operation of virtually every railway in the world.

The basic process of welding sections of a railway line to form a continuous welded line is
known. Common types of welding processes employed are flash butt and thermite type
welding processes. However, flash butt welding relies heavily on a high quality weld to
become effective and reliable, and even then the life of such a weld joint is limited,
particularly when subject to heavy axle loadings. Another type of weld is made by the
aluminothermic or thermite reaction process. Thermite type weld joints result in a lower
strength weld compared with other methods and as such are banned by some railway
companies due to a perceived higher risk of weld failure. These failures can be caused by sub
standard welding and due to the fact the such welds can be difficult to check for integrity and

thus it is not uncommon for such welds to be defective.

It is a non-limiting object of the invention to provide a welding process for joining or
repairing a railway line which overcomes at least some of the abovementioned problems, or

which at least provides the public with a useful choice.

SUMMARY OF THE INVENTION

According to a non-limiting broad aspect of the invention there is provided a welding process
for joining sections of railway line in situ, the process including the preliminary step i. of
positioning an end of each adjoining section of railway line in a suitably close alignment end

to end, the steps of the process including:

A. configuring and attaching a vibration apparatus on the railway line such that
the vibration means is attachable to the line, and vibrating the line at a
suitably low frequency of vibration and amplitude of vibration, such inputs
being preset and/or adjustable during the process by a vibration control means

adapted to measure the frequency and amplitude of vibration and being
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adapted to allow adjustments to the frequency of vibration and the amplitude
of vibration;
B. welding the sections of railway line together during the period of vibration
applied to the sections of railway line until the weld is complete; and
5 C. continuing to apply vibration to the sections of railway line about the weld
area for a period of time sufficient to allow heat to dissipate from the weld

area.

Preferably in step C. the vibration apparatus continues to apply vibration to the weld area for

10 a period of between 5 to 20 minutes after welding is completed.

Desirably in step A. the vibration apparatus includes a vibration means being a motor having
eccentric weights applied to the shaft of the motor, the motor being clamped to a section of
railway line adjacent the weld area, and wherein the frequency of vibration is measured by a
15 tachometer means being releasably attachable to the railway line, and the amplitude of
vibration is measured by an accelerometer means being releasably attachable to the railway
line, the tachometer means and the accelerometer means being adapted to provide feedback

signals to the vibration control means.

20 Desirably in step A. the frequency of vibration applied by the vibration apparatus is between
about 50 and 200 Hertz. More preferably the frequency of vibration is between about 70 and

80 Hertz and the amplitude of vibration is substantially about 1 millimetre per second.

Preferably in step B. welding is performed using a metal inert gas welding process, and
25 wherein an inert shielding gas is applied to the welding area during welding along with a wire
feed unit being adapted to continuously supply a wire electrode filler material into the weld

area.

Desirably the shielding gas is a blend of argon and carbon dioxide. Advantageously the
30 shielding gas is a blend of substantially about 55% by weight of argon and substantially about
45% by weight of carbon dioxide.
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Desirably the wire electrode is 2.4 millimetres in diameter.

Preferably in preliminary step i., the sections of railway line are prepared by making V

shaped cuts in at least one of the edges of an end of the adjoining sections of railway line.

Desirably in preliminary step i. the V shaped cuts in the edge of each end of the adjoining
sections of railway line are at an angle of between 15 and 165 degrees. More preferably in
preliminary step i. the V shaped cuts made in the head of the each edge of the adjoining

sections are raked back from square to increase the strength of the weld joint.

Optionally the V shaped cuts made in the head and the foot of the each edge of the adjoining
sections are raked back at any sufficient angle from square to increase the strength of the

weld joint.

According to a further aspect of the invention there is provided a welding process for joining
sections of railway line in situ end to end, the process including the preliminary step i. of
positioning an end of each adjoining section of railway line in a suitably close alignment end
on end, the sections of railway line being prepared by making V shaped cuts in at leaét one
adjoining edge of the adjoining ends of the sections of railway line, the V shaped cuts being
made in the top surface of the head, and along one side of the stem of the line, and in both

sides of the foot of the line, the steps of the process including:

a.) configuring and attaching a vibration apparatus on the railway line such that
the vibration means is attachable to the line, and vibrating the line at a
suitably low frequency of vibration and amplitude of vibration, such inputs
being preset and/or adjustable during the process by a vibration control means
adapted to measure the frequency and amplitude of vibration and béing
adapted to allow adjustments to the frequency of vibration and the amplitude
of vibration;

b.) welding the sections of railway line together during the period of vibration

applied to the sections of railway line until the weld is complete; and
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¢.) continuing to apply vibration to the sections of railway line about the weld

area for a period of time sufficient to allow heat to dissipate from the weld

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be illustrated, by way of example only,

with reference to the accompanying drawings in which:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Shows a schematic diagram of vibration equipment configured for use

on sections of railway line;

Shows a schematic diagram of welding equipment configured for use

on sections of railway line;
Shows a cross sectional profile through a typical railway line;
Shows a side view of sections of railway line prepared for welding;

Shows a plan view of sections of railway line prepared for welding;

and

Shows a cut away perspective view of a weld area as prepared in a

railway line.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to figure 1, a vibration apparatus and system, generally referred to as 3, for

vibrating a railway line according to a preferred embodiment of the invention, is illustrated.

(&3]
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It is seen that the vibration can assist in the control the movement of carbon in the steel
structure during the welding process, and this action is considered to be a very desirable
attribute of the welding process of the invention. The welding process of the invention
involves any suitable form of welding and more preferably involves gas metal arc welding,
commonly referred to as MIG (metal inert gas) welding. Advantageously MIG welding
equipment is utilised and adapted to create a suitable weld joint between sections of railway
lines end on end or on sections of railway line prepared in a way to enhance the quality of the
weld. The use of this form of welding is described in more detail with reference to figures 2

to 4 below.

In figure 1, the two ends of the railway line 1,2 are prepared and aligned and are desirably
retained or held in situ. The weld area joining the ends of the sections of line 1,2 is generally
indicated within a circle 19. Preferably the ends to be joined are cut and shaped with a gas
torch 6r otherwise to form a square cut, or more preferably a V shape or other such angled
cut, as desired. It has been found that a V shapé formation of the ends of the line 1,2 can
increase the strength and therefore the quality of the weld joint. Other non square formations
may be applied, and one desirable arrangement of V shaped angles and notches is shown in

more detail with reference to figures 4 to 6.

The invention includes a controlled means of vibrating the railway lines 1, 2 in the form of
suitable vibration apparatus or equipment 3 is set up on the railway line 1,2 to supply a
constant and suitable vibration of the sections of railway line 1, 2. The ends of the railway
line 1,2 are desirably retained in their clipped and fixed and aligned positions on respective
railway line sleepers. The vibration apparatus 3 desirably includes a controlled source of
vibration by way of a vibration apparatus preferably including a control means 10 in the form
of a computer means including a microprocessor suitably programmed to control the
operation of the vibration equipment. A suitable display means 11 associated with the
control means 10 is desirably utilised to enable an operator to read measurements and to
ensure a suitable frequency and duration of vibration is applied to the sections of railway line

1,2 during the welding process.
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The control means 10 can function to control each step of the vibration process. The control
means 10 can desirably be powered by any power supply means 16 and when used remotely
may be powered by any suitable and durable battery means (not shown) or generator means
for remote testing on railway lines away when operating remotely from an available mains
electrical power source, thus enabling the vibration apparatus to be used for portable

applications.

The vibration apparatus includes a vibration means 12 being mountable by any known and
suitable securing means, such as for example a clamp, to an appropriate position on the
sections of railway line 1 or 2, and more preferably to the head of the line. Desirably the
vibration means is in the form of a shaker or exciter 12 including a motor adapted with a
vibration inducement means preferably in the form of eccentric weights mounted to the
motor shaft that apply a vibration force on the head of a section of line 1, 2. Such force is
adjustable such that the frequency of vibration can be changed as required. The vibration
means 12 is advantageously controlled by a user controlling and adjusting the speed of the
motor 12. The motor 12 can therefore be controlled by operating a speed control adjustment

means from the control means 10.

The motor speed of the vibration means can be sensed using any known form of motor speed
measuring means and in this embodiment is in the form of a tachometer 13 that is mounted to
the shaft of the motor 12. The tachometer 13 measures the shaft speed and the measured

signal outputs are fed to the control means 10.

The amplitude of vibration induced on a section of railway line 1 can be sensed and measured
using a signal measuring means in the form of a transducer means, desirably an
accelerometer 14. The accelerometer 14 generates an electrical signal in response to the
vibration acceleration of the railway line as induced by the vibration means 12, and provides
a signal that is fed to the control means 10. The control means 10 is configured and arranged
to convert the signals into a measurement of frequency of vibration for display on the display

means 11. Typically the amplitude of vibration is preferably about 1 millimetre per second
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although it is envisaged that the vibrating apparatus 3 will be adapted to provide any

desirable amplitude of vibration outside this stated value.

A temperature measurement means 15 is preferably used to measure the temperature of the
line 1,2 during operation. The temperature measurement means 15 is desirably in the form of
a pyrometer and provides measurement signals to the control means 10 that allows the
temperature of the line to be tagged against other recorded data at the time of operation of the

vibration apparatus 3.

The display means 11 can be provided to display the plotted measurements of velocity
amplitude (for example, in mm/second) against the frequency of vibration and any other
desirable characteristics of the data obtained during operation of the vibration apparatus 3

during the welding operation and after.

The vibration apparatus 3 is configured and arranged to allow a user to apply a constant
vibration to sections of the railway line 1 and/or 2 at any suitable frequency of vibration that
may be substantially between about 50 to 200 Hertz (Hz). More preferably the frequency set
is between about 70 and 80 Hz.

It is envisaged in one application of the invention that the vibration apparatus 3 will be
operated at the start of the welding operation, and will continue for a suitable time period
after welding is complete, and is desirably applied for a period of between 5 to 20 minutes
after welding. Other periods of time are envisaged within the scope of the invention, the time

periods being partially dependent on the time taken for heat to be dissipated from the newly

welded area.

Referring to figure 2, a typical set up for welding sections of sections of railway lines 1,2

according to a preferred embodiment of the invention, is illustrated.

The welding process involves use of an arrangement of known and readily available

equipment. Preferably the welding equipment is configured for a metal inert gas welding
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process. The equipment desirably includes a welding gun torch unit 20 configured and
arranged to feed a consumable wire or electrode 21 through the gun unit 20 and into the weld
area from a wire feed unit 22. The gun unit 20 is also provided with a nozzle adapted for
supplying a shielded gas to the weld site. Desirably the wire electrode 21 is of a sufficiently
large diameter to allow a consumable electrode or weld filler material to be continuously

introduced and fed into the weld pool and weld site during a welding operation, as required.

The wire electrode 21 may be of any suitable diameter, and is preferably between 1 to 2.4
millimetres or more. More preferably a 2.4 mm diameter wire electrode is used. The wire 21
may contains a deoxidising metal such as manganese, silicon or aluminium or the like
sufficient to reduce the risk of oxygen porosity in the weld area, and titanium and/or
zirconium or the like to reduce the risk of nitrogen porosity. Preferably the wire 21 is a
rutile-coated austenitic-ferritic weld metal that exhibits a high resistance to cracking. One
suitable and available type of electrode is commonly known as RSP that embodies the
desirable properties described above. It is envisaged that different wire electrodes may be
applied to different regions of the sections of line 1,2 and it may well be that the weld

material for the head of the line produces a harder weld than in the stem or foot areas.

A suitable power supply 24 is provided to preferably supply a positively charged electrode 21
to the weld area. A negatively charged clamp lead 25 from the power supply is clamped to
the railway line that may be a short distance from the weld area. The voltage supplied is
constant, and preferably a direct current charges the electrode 21 in any suitable range, such
range being advantageously being at least 40 Amps, and more desirably is between
substantially about 100 and 500 Amps but may be higher. The power supply 24 is provided
in any available form, and it is envisaged that for applications that are remote from mains
power supply can be powered by a diesel generator or other such generator. The power
generator 24 is desirably adapted for carriage on a dolly or motorised carriage that can

quickly travel along railway tracks, as required

A supply of suitable shielding gas 27 to the weld area from a gas supply unit 23 is supplied

via a suitable hose 26. The gas is considered to be desirable for protecting the weld area from
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oxygen and nitrogen that can cause defects along with weld embrittlement and porosity. The
gas is preferably a mixture or blend of at least two or three gases, and is desirably a

combination, for example, of various inert gases of varying percentages by weight.

In one application, the blend of shielded gas is a mixture of carbon dioxide and argon and at
least one other inert gas such as helium. A typical blend of shielding gas may be up to about
95% argon or an argon blend that may include 10 to 30% or more helium, and at least 10 to
40% carbon dioxide. Other desirable blends are envisaged with a higher percentage of argon
being blended with a lower percentage of carbon dioxide. In another application about 90%

argon gas is mixed with 10% carbon dioxide.

In another typical application, for example, the estimated feed rate of gas to the weld site
during the welding operation may be between about 10 to 16 litres per minute of argon gas

and between 10 to 16 litres per minute of carbon dioxide.
Referring to figure 3, a cross sectional view through a typical railway line 1, is illustrated.

The cross sectional view illustrates a typical simplified profile of a railway line 1 that
illustrates three distinct regions. The head 30 is the main region upon which train wheels
bear against, and which is supported in an elevated position by the stem 31 and the foot 32 of
the line 1. Given that the stem 31 has a relatively narrow waist, and the foot has a wide and
relatively flat profile, it is seen that one preferred method of preparing sections of line for

welding involves different sized weld areas to join the line.

Referring now to figures 4 to 6, a weld area 19 prepared in sections of railway line 1,2, is

illustrated.
It will be seen that the adjoining ends of the sections of railway line 1,2 may be prepared as a

standard square cut and placed together. However, further desirable preparatory steps are

envisaged within the scope of the invention.

10
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The method of the invention advantageously includes the preliminary step 1. of preparing the
sections of railway line 1,2 for welding. The sections of railway line 1, 2 are prepared for
joining with desirably V-type cuts made by a gas torch or other such suitable tool in the areas
or regions of the railway head 30, the stem 31 and the foot 32. As seen in the figures, an
angled and optionally racked back V shape weld area 34 is formed in the head, thus allowing
suitable weld filler material to be fed into the weld area in a way that builds up layers in the
V-cut to join the sections of line 1,2. The V-shape is also desirably angled back from a
square cut in the head 30 of the rail. The V shape angle as shown in figure 5 is about 110
degrees on the head 30, although it will be appreciated that more acute angles, or any angle

between 100 and 170 degrees could be applied.

This arrangement of the sections of line 1,2 may advantageously provide a more robust and
durable weld, which, when coupled with the method of welding a railway line in accordance
with an aspect of the invention, increases the likelihood of achieving a successful weld of the

railway line using the method of the invention.

The angle of the V shape in each area or region of the line 1,2 made in the rail is any
desirable angle and is preferably between about 20 to 30 degrees although any workable
angle between substantially about 15 and 165 degrees in a V shape or similar may be applied.
It is generally seen that, within reason, the greater the angle and size of the V shape, the
larger the weld area requiring a greater amount of weld filler material to rebuild the weld
area. This can result in obtaining a weld joint with a greater strength over a much smaller

weld joint.

As the stem 31 of the railway line has a narrow waist, the weld area 35 may desirably be
formed as a V or notch cut along the join between the two sections of line 1,2. As the waist
is narrow or relatively thin along the stem 31, it is envisaged that the V shaped notch is cut on
one side of the stem 31 and therefore it is seen that the weld area for the section of the stem

31 is on one side.

11
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The V shape or notch cut is preferably made in the base or foot 32 of the rail. Furthermore, it
is desirable to make a V shaped notch in a raked and/or angled alignment between the

sections 1,2 as opposed to a square cut between the sections 1,2.

Other shapes can be applied such as a U shape. However, the V shape illustrated is preferred
as it is, in part, an easier and quicker shape to form with a metal cutting tool such as a gas

cutting torch.

One non-limiting example of the method or pfocess of welding a railway line in accordance

with the invention is as follows:
Example A

In step a. of the process, the vibration apparatus 2 is set up on a railway line with the
vibration means in the form of a motor 12 and associated eccentric weights setting up a
repeating vibration on the railway line. The tachometer 13 is coupled to the line along with
the accelerometer 14 and desirably a temperature measurement means 15. This apparatus on
the railway line is run by the control means 10, desirably including instrumentation means,

such that the vibrating operation is undertaken in a controlled manner.

Preferably MIG welding apparatus and its associated process is applied during this welding
process in step b. of the method of the invention. A suitable welding gas torch 20 is applied
to the weld area 19 to make a V formation between ends of the section of railway line 1,2 to
be joined to obtain a greater quality weld. It may well be that the sections of line 1,2 do not

require any preheating.

The vibration apparatus is started and the control means 10 operates to apply a constant
vibration of substantially between about 70 to 80 Hz with an amplitude of vibration of
substantially about 1 millimetre per second to the sections of railway line 1,2 to be joined by

welding.

12
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Then wire filler material is fed into the weld site during vibration along with a blend of
shielding gas. A wire electrode 21 having a diameter of 2.4mm with an applied amperage of
substantially about 250 Amps is then fed into the prepared weld area 19 until the weld area is
build up sufficiently. This may be achieved in beads and layers and wherein more filler

material is required in the weld area 34 of the head 30 than other weld areas.

It is seen that the vibration allows for a good feed rate for wire being applied. It is seen that
the weld filler used in the process is compatible with the high carbon steel material to enable
a strong weld to result. The electrode in this example is a commonly available RSP

electrode known as a rutile-coated austenitic-ferritic weld metal that offers a high resistance

to cracking.

The welding operation should take up to about 15 minutes depending on the amount of filler
material required. Once the weld is finished, in accordance with step c. of the process of the
invention, the vibration apparatus 3 continues to operate for a further period of time of
substantially between about 5 to 15 minutes or more until heat has dissipated from the weld

area, as required.

It is expected that timé periods may apply depending on the size of the weld and the
particular application. Such action brings about a stress relieving action on the line and the
weld joint created, and such action can improve the strength and elasticity of the weld joint.
The application of vibration during and after welding can also serve to dissipate heat from the
joint and may well decrease the risk of an initial weld failure in the joint due to cracking and
the like as can occur from the standard process of welding of railway lines using a MIG

welder by an average welder.

It is considered that the vibration may well be changing the thermodynamic properties of the
sections of line 1, 2. The application of vibration may also be increasing the conductivity of

the sections of line 1,2 and be improving the effective heat dissipation during the welding

process.

13
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Wherein the aforegoing reference has been made to integers or components having known
equivalents, then such equivalents are herein incorporated as if individually set forth.
Accordingly, it will be appreciated that changes may be made to the above described

embodiments of the invention without departing from the principles taught herein.

It is to be understood that the above description is intended to be illustrative, and not
restrictive. Additional advantages of the present invention will become apparent for those
skilled in the art after considering the principles in particular form as discussed and
illustrated. Thus, it will be understood that the invention is not limited to the particular
embodiments described or illustrated, but is intended to cover all alterations or modifications

which are within the scope of the appended claims.

14
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1 A welding process for joining sections of railway line in situ, the process including

the preliminary step i. of positioning an end of each adjoining section of railway line

in a suitably close alignment end to end, the steps of the process including:

a.

configuring and attaching a vibration apparatus on the railway line such
that the vibration means is attachable to the line, and vibrating the line at a
suitably low frequency of vibration and amplitude of vibration, such
inputs being preset and/or adjustable during the process by a vibration
control means adapted to measure the frequency and amplitude of
vibration and being adapted to allow adjustments to the frequency of
vibration and the amplitude of vibration;

welding the sections of railway line together during the period of vibration
applied to the sections of railway line until the weld is complete; and
continuing to apply vibration to the sections of railway line about the weld
area for a period of time sufficient to allow heat to dissipate from the weld

arca.

2. A welding process according to claim 1 wherein in step c. the vibration apparatus

continues to apply vibration to the weld area for a period of between 5 to 20 minutes

after welding is completed.

3. A welding process according to claim 1 wherein in step a. the vibration apparatus

includes a vibration means being a motor having eccentric weights applied to the

shaft of the motor, the motor being clamped to a section of railway line adjacent the

weld area, and wherein the frequency of vibration is measured by a tachometer means

being releasably attachable to the railway line, and the amplitude of vibration is

measured by an accelerometer means being releasably attachable to the railway line,

the tachometer means and the accelerometer means being adapted to provide

feedback signals to the vibration control means.

15
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10.

11.

A welding process according to claim 1 wherein in step a. the frequency of vibration

is between about 50 and 200 Hertz.

A welding process according to claim 1 wherein in step a. the frequency of vibration
is between about 70 and 80 Hertz and the amplitude of vibration is substantially about

1 millimetre per second.

A welding process according to claim 1 wherein in step b. welding is performed using
ametal inert gas welding process, and wherein an inert shielding gas is applied to the
welding area during welding along with a wire feed unit being adapted to

continuously supply a wire electrode filler material into the weld area.

A welding process according to claim 6 wherein the shielding gas is a blend of argon

and carbon dioxide.

A welding process according to claim 7 wherein the shielding gas is a blend of
substantially about 55% by weight of argon and substantially about 45% by weight of -

carbon dioxide.

A welding process according to claim 6 wherein the wire electrode is 2.4 millimetres

in diameter.

A welding process according to claim 1 wherein in preliminary step i. the sections of
railway line are prepared by making V shaped cuts in the edge of each end of the

adjoining sections of railway line.
A welding process according to claim 1 wherein in preliminary step i. the V shaped

cuts in the edge of each end of the adjoining sections of railway line are at an angle of

between 15 and 165 degrees.
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12.

13.

14.

15.

A welding process according to claim 11 wherein in preliminary step i. the V shaped
cuts made in the head of each edge of the adjoining sections are raked back from

square to increase the strength of the weld joint.

A welding process according to claim 1 wherein in preliminary step i. the V shaped
cuts made in the head and the foot of the each edge of the adjoining sections are raked

back at any sufficient angle from square to increase the strength of the weld joint,

A welding process for joining sections of railway line in situ, the process including
the preliminary step i. of positioning an end of each adjoining section of railway line
in a suitably close alignment end on end, the sections of railway line being prepared
by making V shaped cuts in at least one adjoining edge of the adjoining ends of the
sections of railway line, the V shaped cuts being made in the top surface of the head,
and along one side of the stem of the line, and in both sides of the foot of the line, the

steps of the process including:

a. configuring and attaching a vibration apparatus on the railway line such
that the vibration means is attachable to the line, and vibrating the line at a
suitably low frequency of vibration and amplitude of vibration, such
inputs being preset and/or adjustable during the process by a vibration
control means adapted to measure the frequency and amplitude of
vibration and being adapted to allow adjustments to the frequency of
vibration and the amplitude of vibration;

b. welding the sections of railway line together during the period of vibration
applied to the sections of railway line until the weld is complete; and

C. continuing to apply vibration to the sections of railway line about the weld
area for a period of time sufficient to allow heat to dissipate from the weld

area.

A weld joint in a railway line prepared and made by the welding process as claimed

in any one of claims 1 to 14.

17
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16. A welding process in accordance with either claim 1 or claim 14 substantially as

herein described.
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