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ABSTRACT

The reprofiling installation includes, arranged below a railway carriage, a milling
device consisting of two frames linked together. These frames of differing lengths and
guided by the track, carry each one a milling unit . The installation further includes track
heating means located in front of each milling unit means for cooling the tracks behind

each milling unit, as well as units for measuring the deformation of the track.
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An installation for the reprofiling of tracks
carried out on a railway line

The present invention is concerned with an installation for the re-
profiling of tracks carried out on a railway line. There are numerous
devices which make possible the reprofiling of tracks on a railway line,
as well as railway vehicles equipped with these devices, in particular
those described in the patents CH 633.336; CH 654.047;, CH 666.068 or
675.440 which all include grinding units for correcting certain defects
of the tracks. Not only do the tracks of railway lines have profiles
which are damaged, but they further exhibit longitudinal undulations of
variable amplitude. Patent CH 680.672 describes a process which makes it
possible to program optimally and in advance the reprofiling operations
to be carried out on a given length of track. The use of this process
makes its possible to optimize the maintenance operations for the pur-
pose of reducing the time of closure of the railway lines. When in the
use of this process, it is found that the amount of material to be remo-
ved to correct the defects of the tracks is important, the grinding or
polishing of the tacks can require several passages over the same rail-
way section, even when using machines with multiple grinding uvnits. This
is rarely compatible with the time which can be allocated to reprofiling
operations, owing to the high usage rate of railway lines. Using milling
cutters instead of grinders makes it possible to remove more material
and hence to work more rapidly. The milling of railway tracks in engi-
neering shops is known and described for example in the French patent
2.659.584. To achieve an accurate reprofiling by milling or grinding
carried out on the railway line, one must control that the milling cut-
ter or the grinder is guided longitudinally and transversally.
Furthermore, the result is influenced by the guiding base which carries
the tool. Actually, the leading end of this guiding base moves on a sur-
face exhibiting defects which are partly reproduced by the tool. Devices
for reprofiling tracks by milling carried out on the railway line were
proposed in particular in patent AT 234.137 which uses as guiding base a R
long ruler supporting two milling heads positioned at an angle. The
German patent DE 32 22 208 uses two vertically adjustable shoes which
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form a symmetrical base on both sides of the milling cutter. These devices suffer the
drawback that they can only correct one type of track defect at the time. The longitudinal
undulations of the tracks do not all have the same peak to peak distance, and one has to
remove both long undulations (30 cm to 3 meters) and short undulations (3 cm to 30 ¢cm).
The prior art devices have tools carried by a single guiding base and therefore correct only
undulations with a certain peak to peak distance (long when the guiding base is long),
which 1s not compatible with the quality required for high-speed networks.

On the other hand, the quality of the finish achieved by milling is clearly
isufficient for high-speed trains and accordingly, in order to eliminate totally all the marks
left by the teeth of the milling cutter, a polishing of the track must be carried out, which
operation with existing devices necessitates a subsequent passage with another machine.

The purpose of the present invention is to obviate the above-mentioned
drawbacks. To this end, the applicant proposes a reprofiling installation for at least one
track of a raillway capable of removing a large amount of metal and thus eliminate both
long and short undulations, while ensuring a perfect finish of the reprofiled tracks.
Another purpose of the invention is to increase the speed of the track reprofiling
operation. Also, the reprofiling installation must be capable of removing and treating all
the metallic residues produced by the track reprofiling.

The object of the present invention is an installation for reprofiling the head of at
least one track of a railway line.

The present invention seeks to provide an installation for reprofiling at least one
track of a railway line, comprising at least two milling units mounted under a railway
carriage and movable relative thereto, means for lifting and applying the milling units
against a track, each milling unit including at least one milling cutter driven in rotation by
a motor; each milling unit being carried by a support movable vertically with respect to
a frame guided along the track; the two frames being of different lengths and being linked
together along an axis perpendicular to a longitudinal axis of the track; and said frames

being connected to the carriage by the means for lifting and for applying against the track.
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The annexed drawing illustrates schematically and by way of example two
embodiments of the reprofiling installation according to the present invention.
Figure 1 1s a side view of the entire milling carriage carrying a milling device.
Figure 2 1s a side view of a first embodiment of the milling device.
Figure 3 1s a cross-sectional end view of the device illustrated in Figure 2.

Figure 4 is a side view of a second embodiment of a milling unit showing the

milling cutter in its operational position.
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Figure 5 is a top view of the milling unit illustrated in figure 4,
in the position when the tool is being changed.

Figure 6 is a top view of the milling device.

Figure 7 is a partial cross-sectional side view of the milling car-
riage illustrating the device for storing and changing tools.

Figure 8 is a cross-sectional view taken transversally of the mil-
ling carriage, illustrating the changing of the tool.

Figure 9 is a side view of a track cooling device.

Figure 10 is an end view of the track cooling device.

Figure 11 is a view of the power supplying carriage.

Figure 12 is a side view of the grinder carriage.

Figure 13 is a detailed view of the device for sucking up and sto-
ring the chips produced during the milling operation

Figure 14 shows the device for discharging the chips.

The carriage for milling and storing the chips, illustrated in fi-
gure 1, is the leading element of the installation for reprofiling
rails. This carriage includes, in front of the milling device, a measu-
ring device 1 which allows an evaluation of the track deformations to be
corrected. The milling device is fastened to the underframe 2 of the
railway carriage 3 by means of the jacks 4, 5, 6 which are designed for
holding the milling device in its operative position or for lifting it.
A drawbar 7 connects the underframe 2 to the frame 9 of the milling de-
vice. This drawbar 7 is designed for pulling the milling device along
the railway line. The milling device includes two frames 8, 9 which are
linked together. These frames 8, 9 bear upon each track at three points
via support and guiding units 10, 11, 12. The frames 8 and 9 are of dif-
fering lengths, the frame 8 carrying the milling vnit 13 being longer
than the frame 9 which carries the milling unit 14. These frames 8, 9

' prévide each one a guiding base for the milling unit 13, 14 they carry.

The milling unit 13 carried by the longer frame 8 is designed for remo-
ving the long undulations of the track, whereas the milling vnit 14 car-
ried by the frame 9 will remove the short undulations.

Fach one of the milling units 13, 14 is provided with a milling cut-
ter as well as with means for moving this milling cutter which will be
described in detail hereafter. Figure 1 further illustrates devices for
heating the track 15, 16 located in front of each one of the two milling
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units 13, 14, as well as a device for cooling the tracks 17 located at
the rear of the milling device. The track heating devices are mounted
respectively on the frames 8 and 9. The cooling unit 17 is pulled by the
second frame 9, via a drawbar.

The unit 1 for measuring the deformations of the track is capable of
determining the cutting depth at which it is desired that the milling
cutters operate, as well as the power to be supplied to the heating
units for a given speed of progression.

Figure 2 illustrates schematically and in more detail an embodiment
of the milling device. This device has a first frame 8 connected via two
jacks 4, 5 to the underframe 2 of the carriage. These jacks 4, 5 main-
tain the frame 8 under the underframe 2 and enable it to be lifted by
releasing a pedal for example. In operation, these jacks 4, 5 make it
possible to apply the milling unit against the track with a determined
force.

The frame 8 when viewed sidewise includes a horizontal portion ex-
tending approximately between the two jacks 4 and 5. This horizontal
portion is prolonged by an oblique riser at the front and a vertical ri-
ser at the rear. The oblique riser is connected to a first bearing and
guiding device 10. This device 10 is'provided with rollers 18 which are
in contact with the track in the operative position and with guiding
shoes 19. A second bearing and guiding device 11 acts as support for the
rear riser of frame 8. The milling device further inciudes a second
frame 9 carrying a second milling unit. The front oblique riser of the
second frame 9 is linked to the rear riser of frame 8 by means of an
axis 20 perpendicular to the longitudinal axis of the track. The rear
riser of the frame 9 rests upon the bearing and guiding device 12, which
is also provided with rollers and guiding shoes. The two frames &, 9 are
linked together and bear upon the track at three points.

Two guiding columns 21, 21’ integral with the horizontal portion of
the frame 8 extend perpendicularly to the same in the direction of the
track. A support 22 provided with two bores corresponding to the guiding
columns 21, 21’ is connected via a screw 23 to the frame 8. This support
22 includes a milling cutter 24 as well as a motor for driving it.

Through the use of the control device 25 of the screw 23, it is pos-
sible to vary the distance between the support 22 and the track and, ac-
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cordingly, adjust the cutting depth by the milling cutter 24. A second
milling unit is arranged in the same manner beneath the frame 9.

Figure 3, which is an end view of the milling device, shows the de-
vice which makes it possible to adjust the spacing between the frames 8,
O associated with each track. A hydraulic jack 26 coupled to a guiding
device 27 makes it possible to press the guiding shoes 19 against the
lateral inner face of each track. These shoes 19 can be replaced by gui-
ding rollers which bear against the lateral inner face of the track. The
guiding device is further provided with a guiding roller 28 which Is ap-
plied by the action of a jack 29 against the outer face of the track,
thus ensuring a perfect guiding action in the transverse direction. The
bearing and guiding devices 10, 11, 12 include several rollers 18 and
shoes 19. The rollers i8 can, in another version, be replaced by bearing
shoes. These rollers 18 and their shoes 19 can be mutually spaced apart
by a fixed distance or according to a selected pattern. By defining an
irregular spacing between the rollers 18, for example corresponding to
prime numbers, one avoids that in the presence of regular undulations of
the track, all the rollers be located at the peaks or at the bottoms of
the valleys of the track undulations. Owing to the presence of the bea-
ring and guiding devices 10, 11, 12 as well as to the presence of the
spacing jacks 26, a perfect positioning of the frames 8, 9 is ensured
with respect to the track. This transverse guiding of the milling device
makes it possible to achieve a considerable precision during milling.
The frames 8 and 9 differ in their lengths and act as guiding base for
the milling cutters 24, 24’. The guiding base of the first milling cut-
ter, provided for by the frame 8 and the bearing devices 10, 11, is lon-
ger than the guiding base 9, i1, 12 of the second milling cutter 24°.
Thus, the first milling cutter will be able to correct the longer undu-
lations, while the second milling cutter 24’ carried and guided by a
shorter base 9 corrects the shorter undulations. The distance between
the two milling cutters is selected so as to ensure the best overall ef-
ficiency, i. e. the optimum correction of the long undulations of the
track and of the short ones. One thus not only achieve a very strong de-
crease of the amplitude of the defects, but also an excellent surface
quality, owing to the fact that the second milling cutter 24’ operates
at a cutting depth which is substantially constant, since the major de-
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fects were eliminated by the first milling cutter 24.

Figure 2 illustrates, also schematically, a heating unit 31 mounted
on the undeframe 22. This heating unit 31 makes it possible to bring the
outer layer of the track head to a temperature in the order of several
hundreds of degrees, which greatly facilitates the operation of the mil-
ling cutters 24, 24°’. The operating temperature is adapted to the type
of steel of which the tracks are made. This heating is generally carried
out using a high-frequency induction heating device, but one could also
envisage a laser heating device or any other device capable of rising
rapidly to a high level the temperature of the outer layer of the track.
A second heating unit (not illustrated) can be provided on the support
22’ of the second milling cutter 24’. The heating of the track makes it
possible on the one hand to increase productivity (speed of progression
and rate of material removal) of the milling operation by a factor in
the order of 5 and, on the other hand, decrease the wear of the milling
cutters by a factor of the same order. Associated with each milling
unit, there are provided inlets 32, 32’ of a suction device which is de-
signed for recovering the chips produced by the milling cutters. The
chip suction and storage device is described with reference to figure

13.
Figures 4, 5 illustrate in detail a second embodiment of the milling

units, as well as their mode of attachment to the frame which acts as
guiding base. The milling unit includes a milling cutter 40 mounted on a
mandrel 41. This milling cutter 40 is driven in rotation by a motor 42,
coupled with a drive 43, which can be provided with a speed reducer or a
clutch. This assembly is mounted on a support 44 via a linkage member
45. This linkage member 45 is pivotally mounted on the support 44 by an
axis contained in a vertical plane extending along an axis parallel to
the longitudinal axis of the track. Means (not illustrated) arranged in
the support 44 make it possible to vary the angular position of the lin-
kage member 45 relative to the support 44 under the action of a control
member. Thus, the milling vnit can carry out a 90° rotation, which makes
it possible to bring successively the milling cutter from an operative
position on the track (figure 4) into a position for changing the tools
as illustrated in figure 5. The frame 8 which acts as a guiding base for
the milling unit includes a part 46 which is provided with a mechanical
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stop 47. The support 44 is mounted on part 46 to pivot about an axis 48.
By actuating a jack 49, of which the rod is fastened to support 44 and
of which the cylinder is fastened to part 46, it is possible to move the
milling cutter 40 in the vertical plane, perpendicularly to the tracks.
This makes it possible to bring the milling cutter more or less close to
the track, depending on the cutting depth required for the reprofiling.
The milling unit in its lifted position is indicated by a discontinued
line in figure 4.

Figure 6 illustrates the milling device when seen from above, which
includes four milling units arranged in their respective frames 8§, 9,
8. 9’. The spacer jacks 26 make it possible to adjust the spacing bet-
ween the bearing and guiding devices 10, 10’, 11, 11’, 12, 12’ on which
rest the frames 8, 9, 8’, 9’ carrying the milling units.

The milling and chip storing carriage illustrated in longitudinal
cross-section in figure 7 shows the device which makes it possible to
change the tool from inside the carriage. A carrier 50 supporting a
hoist 51 can moved longitudinally along a rail 52 fastened to the roof
of the carriage and lift a milling cutter from the front section of the
carriage which contains a reserve of milling cutters. The milling cutter
iIs brought by the hoist 51 through an opening 53 made in the floor of
the carriage, above the milling unit, of which the tool is to be repla-
ced.

Figure 8 is another illustration of the replacement of the milling
cutters. The milling unit 55 located on the left-hand side of the figure
1S In its operational position in which the track is being milled, whe-
reas the milling unit 56 is illustrated in a position in which the tool
can be changed, after having undergone a 90° rotation around an axis pa-
rallel to the track in the direction of the arrow F. In this position,
the hoist 51 can align the milling cutter 40 with the mandrel 41 of the
milling vnit. The fastening by the Morse cone of the milling cutter al-
lows a rapid and easy exchange of the milling cutter.

Figure 9 illustrates the cooling device 17 located at the rear of
the milling unit. This device is connected to the underframe 2 of rail-
way carriage by a jack 70 which makes it possible to lift said device.
The piston of this jack 70 is connected to the frame 71 of the cooler
via a linkage member 72. This linkage member 72 also receives one of the
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ends of a drawbar 73, of which the other end is integral with the frame
9 forming the guiding base of the second milling unit. This drawbar 73
makes it possible to pull and to guide the cooler. The frame 71 of the
cooler includes guiding rollers 74 which bear upon the track in the ope-
rative position. Inside the frame 71, baffles 75 are arranged so as to
cause a turbulent flow of the cooling fluid which circulates inside the
frame. Furthermore, the frame 71 has on the upper part an inlet 76 and
an outlet 77 for the cooling fluid. Figure 10 illustrates the cooler in
a partial cross-sectional view and it shows a jack 78 which is connected
to the linkage member 72 and which makes it possible to adjust the spa-
cing between the coolers associated with each one of the rails and thus
ensure the transverse guiding of the coolers on the track.

Figure 11 illustrates the power-supplying carriage used in the track
reprofiling installation. This power-supplying carriage provides the
electrical power needed for supplying the milling units, as well as for
supplying the heating units. This power supplying carriage is located
behind the milling carriage which is at the leading end and ahead the
carriage illustrated in figure 12 which carries the grinding and finis-
hing units 80, 81 used for eliminating the grooves left on the track af-
ter the operation of the milling cutters. These grinding and finishing
units are for example of the type described in the US patents 4 615 150
or 5 265 379. The grinding devices used can be stone grinders, periphe-
ral grinders, form grinders or form abrasive blocs with a reciprocating
motion. This carriage is further equipped with a suction and storage de-
vice 82 for the dust produced by the gfinding. The grinding carriage al-
so includes a measuring unit located behind the grinding units. This
unit makes it possible to assess the quality of the reprofiling
achieved and through the use of an automatic control of the grinding and
heating units, to correct when needed the cutting depth of the milling
units and/or of the heating power supplied to the heating units.

Figure 13 illustrates in detail the device used for the suction and
the storage of the chips during the milling operation. The back part of
the milling carriage has a container 90 for the chips. A belt conveyor
91 is provided at the bottom of the container 90. Behind each of the
milling cutters 24, 24’, there is provided a suction opening 32, 32’
connected to a suction duct 92 which opens into a separator device 93. A
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fan 94 mounted on the carriage causes the suction of the chips which
fall into the device 93. This device 93 is provided with paddles 95 dri-
ven in rotation which prevent the accumulation of the chips inside the
device and facilitates their evacuation towards the container 90 and
their spreading inside the same. -

Figure 14 illustrates the discharge operation of the chips. The re-
profiling installation being stopped, a tipping lorry 96 can be parked o
in the vicinity of the installation. The duct 92 is disconnected from
the adapter connected to the suction inlets 32, 32’ and connected to the
outlet of a discharge container 97 positioned beneath the container 90 o
and into which arrives the belt conveyor 91. The operation of the
conveyor belt 91 causes the evacuation of the chips into the discharge e
container 97.

A hydraulic revolving crane 98 mounted on the milling carriage makes
it possible to move the separator device 93 above the tipping lorry 96.
The fan 94 then causes the suction of the chips falling into the dis-
charge container 97, into the separator device 93 which evacuates them
onto the lorry. In another version (not illustrated) the suction of the
chips can be replaced by a device such as a magnetic drum capable of re-
covering the chips through magnetic attraction. i

The reprofiling installation such as that described includes a mil-
ling carriage at the front, a power supplying carriage in the middle and
a grinding and polishing carriage for the rails. Clearly, these opera-
tions can be dissociated if, for example, their speeds are different.
Also, one can combine the different units (milling, heating, measuring
and grinding) beneath a single carriage.
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CLAIMS

1. An installation for reprofiling at least one track of a railway line, comprising at least
two mulling units mounted under a railway carriage and movable relative thereto, means
tor lifting and applying the milling units against a track, each milling unit including at least
one milling cutter driven in rotation by a motor; each milling unit being carried by a
support movable vertically with respect to a frame guided along the track; the two frames
being of different lengths and being linked together along an axis perpendicular to a
longitudinal axis of the track; and said frames being connected to the carriage by the

means for hfting and for applying against the track.

2. Aninstallation according to claim 1, wherein the supports carrying the milling units are
mounted slidably and vertically on the frame, and means are provided for controlling the

position of the supports relative to the frame and therefore relative to the track.

3. Annstallation according to claim 1, wherein the supports carrying the milling units
include a linkage member pivotally connected on the frame along an axis perpendicular
to the longitudinal axis of the track, and said linkage member being connected to a jack

controlling the angular position of the support relative to the frame.

4. Annstallation according to claim 3, wherein each milling unit is mounted pivotally on
its support along an axis located within a vertical plane extending through an axis parallel

to the longitudinal axis of the track.

5. Aninstallation according to claim 1, wherein the frames rest upon the track via bearing

and guiding means provided with bearing rollers in contact with a running surface of the

track and guiding shoes which bear against a lateral inner side of the track.
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6. An installation according to claim 1, wherein the frames carrying the milling units
assoclated with each one of the tracks, are connected by means of jacks which make it

possible to adjust the spacing of the frames.

7. An installation according to claim 1, further including at least one heating umt for the

track in front of the milling units.

8. Aninstallation according to claim 7, further including a device for measuring defects
of the rail located in front of the milling units, said measuring device including means for

determining the cutting depth, the power to be supplied to said at least one heating unit,

and the speed of progression of the installation.

9. An installation according to claim 1, further including a cooling unit located behind the

milling units.

10. An installation according to claim 1, further including means for recovering and

storing chips produced by the milling cutters.

11. An installation according to claim 10, wherein the means for recovering the chips
comprise a suction channel having an inlet located behind the milling cutter and which

opens into a container forming part of the railway carriage carrying the milling units.

12. An installation according to claim 10, wherein the means for recovering the chips

comprise a device for magnetically attracting the chips.
13. An installation according to claim 1, further including a second railway carriage

equipped with a grinding device, said second railway carriage being located behind a

vehicle equipped with the milling units.
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4. Annstallation according to claim 13, further including a unit for measuring defects

of the track, located behing the grinding device.
I5. Aninstallation according to claim 13, further including a traction carriage equipped

with power generators, said traction carriage being located between the vehicle equipped

with the milling units and a vehicle equipped with the grinding device.
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