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The invention relates to a device for lubricating a
railway switch, the device being remotely
controllable and configured for moving on a
railway track, wherein the device comprises a
container for lubricant and at least one nozzle
configured for lubricating the railway switch with
the lubricant. The invention further relates to a
system comprising the device and a controller
for remotely controlling said device. The
invention also relates to a method for lubricating
a railway switch, wherein the method comprises
the steps of remotely directing the device to the
railway switch; remotely instructing the device
to lubricate the railway switch; and remotely
directing the device away from the railway
switch to avoid hindering train traffic through
said switch.
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DEVICE, SYSTEM AND METHOD FOR LUBRICATING A RAILWAY SWITCH

The invention relates to a device for lubricating a railway switch, the device being remotely
controllable and configured for moving on a railway track. The invention further relates to
a system comprising the device and a controller for remotely controlling said device. The

invention also relates to a method for lubricating a railway switch.

Railway switches are among the most important assets in railway operations, as they al-
low trains to shift tracks and take different routes. However, they are also among the rail-
way assets that cause most train delays, and they require a lot of maintenance. In fact,
20-40% of the total maintenance and inspection costs of railways are related to the
switches. Lubrication, geometric measurements, and inspection of railway switches are
basic maintenance tasks that prevents train delays. These activities are performed by
manual labour, which requires disruption of normal train service due to safety regulations.
This reduces freight tonnage capacity, traveller capacity, and heavy maintenance capacity

of the railway network, and increases the costs of running the railway network.

Inspection is typically performed using measurement trains and/or imagery trains. Howev-
er, use of these trains requires disruption of normal train traffic if the capacity of the net-
work is extensively exploited. Measurement trains are typically used 2-4 times a year per
railway switch, and they cannot act as first responder to a fault on a railway switch. They
are mainly geared towards analysis of the whole network. Also, the cost of operating the

measurement trains is high.

To avoid some of the above-mentioned disadvantages, a hovering unmanned aerial vehi-
cle (UAV), commonly known as a drone, can be used for inspection of the railways. How-
ever, UAVs have poor energy efficiency and short operation time when performing such
inspection on railway switches. Additionally, navigation on the railway network is difficult
for a hovering UAV, and the complexity of route planning for a hovering UAV performing

inspection of railway switches is high.
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The invention has for its object to remedy or to reduce at least one of the drawbacks of
the prior art, or at least provide a useful alternative to prior art. The object is achieved
through the features which are specified in the description below and in the claims that
follow. The invention is defined by the independent patent claims, while the dependent

claims define advantageous embodiments of the invention.

In a first aspect the invention relates more particularly to a device for lubricating a railway
switch, the device being remotely controllable and configured for moving on a railway
track, wherein the device comprises a container for lubricant and at least one nozzle con-
figured for lubricating the railway switch with the lubricant. The device may for example
comprise wheels which fit the railway tracks which typically have a distance of 1435 mm,
and one or more motors providing propulsion for the device. Since the device is remotely
controllable, it can be unmanned, whereby safety of an operator is not an issue. A device
which is configured to be unmanned can also be made relatively small and light, whereby
it requires less energy to move. It may also be cheaper to manufacture. The device may
for example comprise a frame constructed primarily by a light carbon material. The device
may be constructed in a way so that it will not interfere with any nearby equipment, inter-
fere with a current in the railway tracks, or risk creating a short circuit in said tracks. Some
or all of the surfaces of the device may for example be coated with an insulating material.
Additionally, if the device is light and a train would hit it at high speed, the impact would
hardly affect the train and would not harm the passengers. An unmanned and remotely
controllable device may also be programmable to automatically operate at specific times
and locations which fit with the time schedule of the trains using the railway tracks. No
significant disruption of the normal train traffic is therefore required when the device lubri-

cates a railway switch.

In one embodiment, the device may comprise a plurality of nozzles and a control system
controlling each nozzle independently from the others, wherein each nozzle is positioned
to lubricate a different portion of the railway switch. A railway switch typically comprises a
pair of linked tapering rails, known as switch rails, points, or point blades, lying between
diverging outer rails known as stock rails. These switch rails can be moved laterally, usu-
ally between two end positions, to direct a train coming from the switch rails towards either
of two diverging paths. Below the switch rails there are typically a plurality of sliding plates
to support said switch rails and ensure that the can slide between the two positions. The
switch rails will have a largest lateral displacement at their free ends, wherefrom the dis-
placement will be smaller and smaller towards the opposite ends of the switch rails which

are firmly connected to non-movable rails of the railway tracks. Therefore, a broader lubri-
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cation width is required at the free end of the switch rails than further towards the fixed
end. A variable lubrication width may be obtained by having a plurality of nozzles which
are positioned at different distances from the centre of the railway track if the nozzles are
controllable independently from each other. In this way more nozzles may be opened at
the free end of the switch rails, thus lubricating a broader width, than towards the stock rail
end. Thus, the entire movable region of the switch rails may be lubricated in a single
drive-through of the device without wasting lubricant by lubricating a wide area also where
the displacement width of the switch rails is narrow. As the device needs to carry the lub-
ricant, less use of lubricant means that it is required to be refilled less often, which saves
time. As an alternative to the plurality of nozzles, a broad nozzle with a variable opening

width may be used, which provides a similar technical effect as the plurality of nozzles.

In one embodiment, the device may further comprise rotors which allow the device to fly.
This will have the advantage that the device may move rapidly to and from railway tracks,
whereby no disturbance of the train traffic is required even at very busy railway tracks.
The device can simply wait next to the tracks for a train to pass the switch, then fly and
land onto the railway tracks to lubricate the switch, and quickly fly off the tracks again.
Additionally, the device may easily and rapidly move from one railway track to another,

also when the tracks are not connected near the location of the device.

In an alternative embodiment, the device may be configured to be attachable to a sepa-
rate vessel comprising rotors, for example a commercially available multirotor UAV with
no legs. This has the advantage that the separate vessel may quickly be replaced if it

stops working, for example due to a damaged rotor or rotor motor.

As it normally requires more energy to fly than to drive, it is an advantage that the device
is configured for moving on a railway track even when it can fly. In this way the device can
do more work before needing to get a refill on energy. As the device may typically use an
electrical motor and a battery to provide energy, the refill on energy will often require a
recharge of the battery. Another advantage of being able to move on the railway tracks is
that the lubrication will be more precise and less affected by e.g. wind than if the device
would be airborne the entire time. Also, navigation to the railway switches becomes trivial
after the device has landed on the rails, whereby the complexity of route planning for the

device performing maintenance and inspection of railway switches will be low.

The device may typically be stored in automatic drone garages on large railway sites with

many switches. Larger railway stations or rail freight terminals are examples of such sites.
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On smaller sites, the device can be transported in a van and sent out on maintenance and
inspection from the van. Optionally, an operator may follow the device take control of the it

if something unexpected happens.

The device may comprise a variety of sensors which may make the device able to do in-
spection and maintenance automatically. For example, the device may be able to fly and
operate completely automatically from take-off, while landing on the tracks, during
maintenance and inspection of railway switches, and when returning to the take-off point.
The device may for example comprise a GPS system, a compass, a stereo camera, a
thermographic camera, a lidar system, an Al unit for processing data, and/or a data acqui-

sition and transmission unit.

For example, from the take-off point to the entry point on the tracks, the device may usual-
ly follow a flight path which consists of several pre-defined GPS-coordinates. The device
may enter the tracks from above, while still in the vertical space between the tracks and a
possible overhead line. This vertical gap may for example be around 5 m. The last GPS-
coordinate which marks the landing spot may be midpoint between the rails. The device
will start the descent towards this GPS-coordinate, while a lidar system may keep the de-
vice equidistant to the left and right rail for correct positioning of the device relative to the
railway tracks, for example when landing on said tracks. This will assure that the device
lands correctly on the tracks and will be especially advantageous in case of GPS interfer-
ence and/or wind. A stereo camera, which can record images or video in 3D, may ensure
correct orientation along the rail, for example in case of GPS and compass interference.
An artificial intelligence (Al) engine may be included to process this information and send
it to a flight computer. Once the device has landed on the rails, the aerial propulsion mo-
tors may be turned off, and the device may start to move forward on the tracks by the rail
propulsion motors and wheels towards the railway switch at a suitable speed, for example

running speed or higher.

As each railway switch typically has at least one GPS-coordinate in the front, reaching
that coordinate means that the device may slow down and start a maintenance and in-
spection routine. This may typically happen at walking speed or higher. A lidar will typical-
ly be the main sensor for detecting the position of the switch and the width of the gap be-
tween the switch rail and stock rail. This tells the lubrication system which nozzles should
be opened to spray lubrication at the switch. A lidar and stereo camera may detect where
the sliding plates of the switch starts and end. This controls when the nozzles should

spray. The lidar can simultaneously fetch geometrical gauge data for geometrical gauge
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measurement, the stereo camera can take pictures for visual inspection, and a thermo-
graphic camera can take pictures for thermal inspection. These cameras may for example
be programmed to start operating at the GPS-coordinate in front the switch and take pic-
tures throughout the switch. An Al engine can process the data and control the lubrication
system. A data acquisition and transmission unit can store the data and send them to a
switch analytics platform and/or an asset management system. When the maintenance
and inspection is finished, the device may speed up and drive to the next switch for re-
peating the routine, or it may fly back to the take-off point. The device may for example

follow a flight path consisting of several pre-defined GPS-coordinates.

The device may also deliver first-line support to train dispatchers and technicians if a rail-

way switch fails to operate.

One use of the device may be to connect it to a switch analytics platform that the railway
operators typically use via Wi-Fi, 4G, or 5G. The switch analytics platform may collect and
analyse sensor data coming from the switch and may send work orders directly to the
device. The work order may be accompanied with additional information such as GPS
coordinate, preferred flight and rail route, preferred timeslot, and type of switch. This may
enable automatic maintenance and inspection of railway switches. When the device is out
maintaining and inspecting a railway switch, it can send information back to the switch
analytics platform in forms of inspection images, thermal images, geometrical gauge data,
and type of maintenance that has been performed. The analytics platform may then ana-
lyse the results of the maintenance and inspection and either clear the switch as in ac-
ceptable condition or send a work order to field personnel to perform heavier mainte-

nance, for example changing a motor or a blade.

Another use of the device may be to connect it to an asset management system and have
the asset management system send work orders to the device via the maintenance spe-
cialist based on counters or calendars. The device may receive the work orders from the
asset management system, which enables semi-automatic maintenance and inspection of
switches. When the device is out maintaining and inspecting a railway switch, it may send
information back to the asset management system in form of inspection images, thermal
images, geometrical gauge data, and type of maintenance that has been performed.
Maintenance specialist can analyse the results of the maintenance and inspection and
either clear the switch as in acceptable condition or send a work order to field personnel to

perform heavier maintenance.
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The device may be used for inspection of all types of infrastructure in the railway by using
e.g. stereo camera and/or thermographic camera. If the device has rotors, it can also fly
above the turbulence zone of trains and any overhead line and inspect the railway without
disrupting normal train traffic. Examples of uses of the device may be photographic in-
spection of the rails, sleepers, water draining culverts, and/or ballast, and/or photographic
and thermographic inspection of rail temperature, overhead line system, traction return
current system, earthing and bonding system, railway switch heating system, insulated rail
joints, persons or animals on or nearby the tracks, and/or faults that may cause train de-

lays or train cancelations.

In one embodiment, the device may further comprise at least one strong and flexible string
connecting different portions of the device. This will have the advantage that if the device
breaks, for example in a collision with a train, it will be split into fewer pieces, as the strong
and flexible string will keep different portions of the device together. There is thereby a
smaller risk that a piece of the device will hit and damage e.g. a person, an animal, or a
piece of equipment nearby. The string may preferably be situated inside the material in
which the device is constructed to assure that said string will not get stuck around external
obstacles. The string may for example be situated inside a frame which connects wheels
to each other and to a central unit comprising sensors. A possible material for the string is
UHMWPE (Ultra High Molecular Weight Polyethylene), also known as HMPE (High Modu-
lus Polyethylene) or HPPE (High Performance Polyethylene). UHMWPE is a polyolefin
resin of very high molecular weight, usually between 2 and 6 million g/mol, which has ex-
tremely long polymer chains. The long chains serve to transfer load more effectively to the
polymer backbone by strengthening the intermolecular interactions. This results in a very
tough material with possibly the highest impact strength of any thermoplastic presently

available.

In a second aspect, the invention relates to a system comprising the device according to

the first aspect of the invention and a controller for remotely controlling said device.

In a third aspect, the invention relates to a method for lubricating a railway switch, wherein
the method comprises the steps of: remotely directing the device according to the first
aspect of the invention to the railway switch; remotely instructing the device to lubricate
the railway switch; and remotely directing the device away from the railway switch to avoid

hindering train traffic through said switch.
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In the following is described examples of preferred embodiments illustrated in the accom-

panying drawings, wherein:

Fig. 1 shows an embodiment of the device according to the invention, viewed

from above (figure 1A) and from the front (figure 1B);

Fig. 2 shows the device from figure 1 viewed from above and positioned on a

railway track at two different positions along a railway switch;

Fig. 3 shows the device from figures 1 and 2 viewed from the front and from

above, respectively, whereon a separate vessel is attached;

Fig. 4 shows another embodiment of the device according to the invention,

wherein rotors are integrated into the device;

Fig. 5 shows a system according to the invention, wherein the system comprises
the device from figure 4 and a controller for remotely controlling said de-

vice; and

Fig. 6 shows a lubrication system which can be used on a device according to the

invention.

In the drawings, the reference numeral 1 indicates a device according to the invention.
The drawing is schematic, and the features therein are not necessarily drawn to scale.

Identical reference numerals indicate identical or similar features.

Figure 1A and B show a device 1 according to the invention viewed from above and from
the front, respectively. The device 1 comprises wheels 3 configured for moving on rails 23
(not shown in figure 1A) of a railway track 21 (shown in figure 2), and motors 5 for provid-
ing propulsion for the device 1. Even though the drawings only show motors 5 for the
wheels 3 at the rear portion of the device 1, the device 1 can also comprise motors 5 for
the wheels 3 at the front. The wheels 3 are connected via a frame 11, which also carries a
central unit 9. The frame 11, and possibly also the central unit 9, may comprise at least
one strong and flexible string (not visible in the figures) which is built into the material of
said frame 11 possible central unit 9, whereby the device 1 will be broken into fewer piec-
es in case of a collision with a train. The central unit 9 comprises a camera unit 15 with a
stereo and thermographic camera, a lidar 10 for measuring distances, an Al unit 19 for
processing collected data, a battery 21, and a container 17 for lubricant. The device 1

comprises a plurality of nozzles 13 for lubricating a railway switch 31 (shown in figure 2),
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the nozzles 13 being positioned at each side of a front portion of the device 1. The con-
tainer 17 is associated with a pump 18 for pumping the lubricant to the nozzles 13 via a
suitable tubing 49 (shown in figure 6). The nozzles 13 are individually controlled and are
positioned so that they have different distances to the rails 23 when the device 1 is in po-
sition of use on said rails 23. In this way the nozzles 13 can lubricate substantially the

entire width of the sliding plates 25 whereon the switch rails 27 move.

Figure 2A and B shows the device 1 from figure 1 viewed from above and positioned on a
railway track 21 at two different positions along a railway switch 31. The railway track 21
comprises rails 23 supported by railway sleepers 29, and the railway switch 31 comprises
switch rails 27 which are movable on sliding plates 25. The switch rails 27 are fixed at one
end 33, substantially pivotable around this fixed end 33. The opposite free end 35 there-
fore has the greatest lateral movement across the sliding plates 25. In figure 2A, the de-
vice 1 has just entered the railway switch 31 so that the nozzles 13 for lubricating a rail-
way switch 31 are above the first sliding plates 25. The camera unit 15 and/or the lidar
system 10 can detect the position of the first sliding plates 25. At this position, the switch
rails 27 have the most lateral movement, so all the nozzles 13 are open to lubricate a cor-
responding wide area of the slide plates 25. As the device 1 moves along the railway
switch 31, the range of movement of the switch rails 27 decreases. For example, at the
position of the device 1 shown in figure 2B, the nozzles 13 are substantially above the
fixed end 33 of the switch rails 27. Since the switch rails 27 do not move significantly at
this position, only a narrow area of lubrication is required, so only the nozzles 13 directly
above the switch rails 27 are open. The camera unit 15 and/or lidar system 10 can detect
which nozzles 13 should be open. Alternatively, the nozzles 13 which should be open at
any given location of the switch 31 may be predetermined by the geometry of the switch
31. In this way no lubricant is wasted by being sprayed above portions of the railway
switch 31 where the switch rails do not more, whereby lubrication of these portions is not
needed. The device 1 can thereby lubricate more switch rails 31 before it has to be re-
filled.

Figure 3A and B shows the device 1 from figures 1 and 2 viewed from the front and from
above, respectively, whereon a separate vessel 41 comprising rotors 7 is attached. The
rotors 7 are driven by motors 8. In this way the device 1 may be able to fly. The separate
vessel 41 may for example be a commercially available vessel, whereby it may easily be

replaced if it is damaged or malfunctions.

Figure 4A and B shows a device 1 similar to the device 1 shown in figures 1-3, but where
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rotors 7 and corresponding motors 8 are integrated in the frame 11 of the device 1. This
integration has the advantage that the device 1 shown in figure 4 may be made lighter
than the device 1 with an attached separate vessel 41 as shown in figure 3. Especially
when flying, the weight of the device 1 is important in order to use a little energy as possi-
ble.

Figure 5 shows a system 43 according to the invention, wherein the system 43 comprises
the device 1 from figure 4 and a controller 45 for remotely controlling said device 1. The
controller 45 may for example be used to steer the device 1 directly in real time, to view
live recordings from the camera unit 15 of the device 1, and/or to program the device 1 to
do a specific task. The controller 45 may be a dedicated controller for a specific device, or
it may be a computer program which can be installed on e.g. a computer, a tablet, or a cell

phone.

Figure 6 shows a lubrication system 47 which may be used on a device 1 according to the
invention. The lubrication system 47 comprises a container 17 for lubricant, a plurality of
nozzles 13 each having a valve 51 which may be controlled independently from each oth-
er, and a pump 18 for pumping lubricant from the container 17 to the nozzles 13 via a
suitable tubing 49. The pump 18 may have different pump rates depending on the number
of open nozzles 13. An air valve 57 allows air to enter the container 17 as lubricant is
pumped out. The system also comprises a main valve 53 between the container 17 and
the pump 18, whereby the fluid connection between said container 17 and pump 18 may
be blocked. This may be beneficial, for example when cleaning the pump 18. A screw cap
55 closes an opening in the container 17. The screw cap 55 may be screwed off before
refilling lubricant on the container 17. The container 17 may for example be able to con-

tain a volume of 10 litre of lubricant.

It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative embodi-
ments without departing from the scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be construed as limiting the claim. Use
of the verb "comprise" and its conjugations does not exclude the presence of elements or
steps which are not stated in a claim. The article "a" or "an" preceding an element does

not exclude the presence of a plurality of such elements.

The mere fact that certain measures are recited in mutually different dependent claims

does not indicate that a combination of these measures cannot be used to advantage.
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Claims

A device (1) for lubricating a railway switch (31), the device (1) being remotely
controllable and configured for moving on a railway track (21), c h ar a c -

terised in thatthe device (1) comprises a container (17) for lubricant
and at least one nozzle (13) configured for lubricating the railway switch (31) with

the lubricant.

The device (1) according to claim 1, wherein the device (1) comprises a plurality
of nozzles (13) and a control system controlling each nozzle (13) independently
from the others, and wherein each nozzle (13) is positioned to lubricate a differ-

ent portion of the railway switch (31).

The device (1) according to claim 1 or 2, wherein the device (1) further comprises

rotors (7) which allow the device (1) to fly.

The device (1) according to claim 1 or 2, wherein the device (1) is configured to

be attachable to a separate vessel (41) which comprises rotors (7).

The device (1) according to any of the preceding claims, wherein the device (1)
comprises a lidar system (10) for correctly positioning of the device (1) relative to

the railway tracks (21).

The device (1) according to any of the preceding claims, wherein the device (1)

comprises a stereo camera (15) for detection of the railway switch (31).

The device (1) according to any of the preceding claims, wherein the device (5)

further comprises an Al unit (19) for processing data.

The device (1) according to any of the preceding claims, wherein the device (1)
further comprises at least one strong and flexible string connecting different por-

tions of the device (1).

A system (43) comprising the device (1) according to any of the preceding claims

and a controller (45) for remotely controlling said device (1).

Method for lubricating a railway switch (31), ch aracterised in

that the method comprises the steps of
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remotely directing the device (1) according to any of the claims 1-8 to the

railway switch (31);

remotely instructing the device (1) to lubricate the railway switch (31); and

remotely directing the device (1) away from the railway switch (31) to avoid

hindering train traffic through said switch.
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