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(54) TRACK WORK WITH THE HELP OF A ROBOTIC ARM AND CARDAN SHAFT

(57) Rail vehicle for carrying out work on a section of
a railway, the work may relate to maintenance or new
construction, the rail vehicle comprises a chassis frame
which is equipped with flange rollers for driving over the
two parallel rails of a railway, the rail vehicle delimits an

internal work space, preferably open towards the bottom,
which is equipped with a work device for working on the
track structure, for example under the rail vehicle, for
example for tightening and loosening spring clamps.
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Description

[0001] The invention relates to a railway vehicle and
method for carryingoutworkonasectionofa railway.The
workmay relate tomaintenanceor newconstruction. The
railway vehicle comprises a chassis frame which is
equipped with flanged rollers for driving over the two
parallel rails of a railway. The railway vehicle is equipped
with a working device for working on the track structure,
for example for tightening and loosening bolts and
screws using a motor-driven screw tool, such as a so-
called collar screw machine, for example of the rail
mounting, such as the spring clamps, on the sleepers.
The railway is preferably the public civil railway network
and/or intended for passenger and freight transport, such
as a train, tram ormetro line, preferably with an overhead
line above the track for the electrical supply of the train
locomotive.
[0002] From FR 2 659 674 or DE 20305569 U1 a
manually operated device is known, in which the mo-
tor-driven working tools are used for the mounting of
spring clamps. During operation, the machine is moved
to the next sleeper by pushing against the handles using
human muscle power, while driving over the track, while
the track worker walks behind it. DE 20 2004 013 732 U
discloses a railway vehicle (= mobile workshop) with an
internal workspace open at the bottom, located between
two sidewalls that shield the internal workspace from the
adjacent environment in order to provide a shielded area
within which track workers can work safely.
[0003] Other work devices to which the invention may
apply are, for example: sleeper drilling machine; rail
surface grinding machine; switch grinding machine.
[0004] This work device must have sufficient perfor-
mance, low energy consumption, manageability, limited
weight, good balancing, low centre of gravity, reproduci-
ble tightening force for the nuts or screws. New construc-
tion or technical maintenance, in particular in the case of
railways, outdoors or in an uncontrolled environment
such as the space of railway tunnels, requires the use
of powerful working devices that can perform various
operations, such as drilling, sawing, machining by sand-
ing (grinding), screwing, moving heavy objects or apply-
ing mechanical shocks. These working devices must be
movable.There is interest in powerfulworkingdevices for
newconstructionormaintenance,whicharealsosuitable
for robotisation, so that people are freed from heavy and
monotonous work under difficult working and weather
conditions. The aim of the invention is to develop a rail-
way vehiclewith aworking devicewith aworking tool with
a, preferably electric, drivemotor, for example with which
screws, nuts and bolts can be screwed in or out reliably
and effectively as much as possible, preferably fully,
mechanised, in railway applications, whereby the work-
ing device is lightweight and delivers high performance
with thedesired long-termuse, is specifically aimedat the
various applications and is constructed safely and reli-
ablywitha longservice life, lowweight, high reliability, low

maintenance costs. The use of a person is limited as
much as possible, preferably completely, to controlling
and monitoring functions. In the case where a tightening
torquehas to be supplied by thework device, for example
for tightening screws or bolts, a further aim of the inven-
tion is that the tightening torque supplied can be supplied
accurately and reproducibly in order to be able to guar-
antee the reliability of the mechanical connection thus
realised.
[0005] The implementation of a simple solution is
made more difficult in the case of the use of an industrial
robot byasignificant increase in theweight of the robot as
the forces to be exerted by the robot increase. It is there-
fore necessary, in a context initially defined for the use of
a human worker, to apply means to take this circum-
stance into account.
[0006] To solve these problems, a railway vehicle with
a working device is proposed, which working device is
equipped with a working tool and associated, preferably
electric, drive motor, a robot arm for manipulating the
working tool, and a flexible coupling, such as a telescopic
cardanshaft,withwhich the input shaft of aworking tool is
drivingly coupled to the output shaft of the drive motor.
The function of the robot arm can thus be limited to
holding and spatially positioning the working tool, and
can therefore be constructed in a light weight. The work-
ing tool can, thanks to the telescopic cardan shaft, be
positioned freely in space by the robot arm.
[0007] The working device preferably has one or more
of the following:

- is mounted to the chassis frame of the rail vehicle;
- is mounted to the side of the central longitudinal axis

of the rail vehicle, seen in plan view;
- the telescopic cardan shaft has a cardanic coupling

at both ends anda telescopic rod in between that can
be extended or shortened by telescoping;

- the telescopic cardan shaft is at one end, at a dis-
tance, preferably at least 50 centimetres, from the
drive motor, cardanically coupled to the working tool
via the cardanic coupling;

- the telescopic cardan shaft is at its other end carda-
nically coupled to the output shaft of the drive motor
via the cardanic coupling;

- the length of the fully retracted cardanshaft is at least
25 or 50 and/or a maximum of 150 centimetres;

- the length of the fully extended cardan shaft is at
least 75 and/or a maximum of 250 centimetres; - the
work tool is equipped with a device, for example
detachable fixing means, such as a clamp, to fix
itself to the track structure, for example by clamping
to a rail or sleeper or spring clamp;

- the output shaft of the drive motor is oriented verti-
cally;

- the output shaft of the drivemotor is located at a level
above, preferably at least 25 or 50 centimetres
above, the level at which the base of the robot arm
is mounted to the rail vehicle;

5

10

15

20

25

30

35

40

45

50

55



3

3 EP 4 563 745 A1 4

- the output shaft of the drive motor is located further
away, preferably at least 10 or 25 centimetres further
away, from thecentrelineof the rail vehicle and/or the
railway than the base of the robot arm, seen in plan
view;

- theoutput shaft of the drivemotor is located vertically
directly above the straight line connecting the run-
ning wheels on the same side of the rail vehicle; - the
output shaft of the drive motor is located at a level of
at least 25 or 50 or 100 centimetres and/or at most
150 or 200 or 250 centimetres above the level of the
bottom of the running wheels of the rail vehicle, in
other words the top of the rail head in the event that
the runningwheel in question rests on the rail head in
the typical manner;

- the robot arm and/or drive motor is mounted to the
side of the central longitudinal axis of the rail vehicle
and/or the railway, viewed in plan view, preferably
positioned in the horizontal direction transversely to
the central longitudinal axis at a distance, preferably
at least 20 or 50 centimetres, from that central long-
itudinal axis.

[0008] The rail vehicle preferably provides oneormore
of the following:

- an internal working space open towards the bottom,
for example so that the internal working space is
provided between two upright side walls of the rail
vehicle, fromwhich internal working space access is
obtained via the open bottom to the track structure
under the rail vehicle;

- a chassis frame formed by tubes or profiles;
- panels fixed to thechassis frame to formwalls to form

an internal working space protected from the ele-
ments;

- the internal working space is essentially a rectangu-
lar block with a width of at least 1 or 1.5metres and a
height of at least 1 or 1.5 or 2 or 2.5 metres;

- the internal working space is provided between a
front and a rear upright wall;

- the internal working space has a dimension and/or
the front and rear upright walls, maintain a distance,
measured along the median longitudinal axis of the
vehicle and/or the railway, of at least 1 and/or a
maximum of 2 or 2.5 or 3 metres;

- designed as a rail/road vehicle;
- light inweight, for example amaximumof 3 or 5 or 10

thousand kilograms to be transported by road as a
lorry load.

[0009] For the industrial robot arm, preferably one or
more of the following applies:

- of at least 3-axis type, preferably at least or exactly 5-
axis or 6-axis type;

- of vertically articulated type;
- contains the followingmovement axes: S, L, U, R, B,

T (see fig. 6 + 7);
- the maximum rotation angle of one or more of the

movement axes is at least 90 degrees;
- for oneormoreof thecharacteristic dimensionsV,W,

X, Y, Z (see fig. 6) the following applies (in milli-
metres): Vminimum455 and/ormaximum555, such
as 505 or minimum 490 and/or maximum 590, such
as 540,Wminimum 180 and/or maximum 220, such
as 200 or minimum 190 and/or maximum 230, such
as 210, X minimum 700 and/or maximum 820, such
as 760 or minimum 810 and/or maximum 930, such
as 870, Y minimum 715 and/or maximum 875, such
as 795 orminimum945 and/or maximum1105, such
as 1025, Zminimum135 and/ormaximum165, such
as 150 or minimum 290 and/or maximum 350, such
as 320; - mounted with the S-axis, i.e. the axis of
movement of the base, horizontal;

- mounted with the base or the S-axis, i.e. the axis of
movement of the base, at a level at least 25 or 50
centimetres and/or at most 150 or 200 centimetres
above the level of the bottomof the runningwheels of
the rail vehicle, in other words the top of the rail head
in the event that the relevant running wheel rests on
the rail head in the typical manner.

[0010] While the working device is in operation and
successively or one after the other treats a number of, for
example, at least 3 or 5 or 10, preferably mutually iden-
tical, track components, for example spring clamps, with
mutual spacing of preferably at least 10 or 20 centi-
metres, seen in the longitudinal direction of the railway,
or according to the pitch of the sleepers, the rail vehicle
preferably has a forward speed, for example of at least 5
or 10 or 30 or 100 metres per hour and/or a maximum of
0.5 or 1 or 5 or 10 kilometres per hour, continuously, while
the number of track components is treated successively.
[0011] Preferably, the definition of the axes of move-
ment is: S=rotation of the base; and/or S=the shoulder
joint; L= pivoting of the upper arm relative to the base;
U=pivoting of the forearm relative to the upper arm;
and/or U=elbow joint; R=rolling of the forearm around
its longitudinal axis; B=pivoting of the free end and/or
B=pivoting of the tool holder relative to the forearm;
and/or B=wrist joint; T=rolling of the free end and/or
T=rolling of the tool holder around its longitudinal axis.
[0012] Preferably, the sequence of the axes of move-
ment, seenalong the lengthof the robotarm, isas follows:
S, L, U, R, B, T.
[0013] Preferably, the definition of the characteristic
dimensions is: V=distance between L and the bearing
surface of the base of the robot arm; W=distance be-
tweenUandR;X=distancebetweenLandU;Y=distance
between U and B; Z=distance between S and L.
[0014] For the axes of movement, preferably one or
more of the following applies for the mutual orientation in
all positions of the robot arm: B perpendicular to T; U and
L parallel; S perpendicular to L andU; R perpendicular to
L and U.
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[0015] The invention is further explained below by way
of non-limiting embodiments, which are shown in the
accompanying drawing, which shows in:

Fig. 1‑4 an application for mounting or dismounting
the rail mounting on the sleepers;

Fig. 5 an application for drilling holes in the sleepers;

Fig. 6 a schematic representation;

Fig. 7‑8 an alternative from the side and above

Fig. 9‑10asideandperspectiveviewof the robot arm
type used;

Fig. 11 a perspective view of a double railway or
track;

Fig. 12across-sectionof apart of the trackof fig. 1‑5 .

[0016] The rail vehicle shown in the drawing is, for
example, of the type as disclosed in DE 20 2004 013
732 U or NL1028854C2 or EP3078774A1.
[0017] The rail vehicle is shown in half lengthwise in
Fig. 1‑5 and in its entirety in Fig. 6‑7, and parts of the side
wall have been removed to provide a better view of the
working device.
[0018] Visible are aworking device fixed to the chassis
frame with a high-power electric drive motor 8, a tele-
scopic cardan shaft 7, a working tool 9 and a robot arm 1.
[0019] This working device is designed for mounting
rail clamps, with which rails and sleepers of a track are
connected to each other. The rail vehicle has a chassis
frame that standson the two rails 4with flanged rollers 11.
[0020] The telescopic cardan shaft is cardanically con-
nected to the working tool at one end at a distance from
the drive motor.
[0021] Explanation of the reference symbols used in
Fig. 9‑10: S-axis rotation of the base (rotation axis is
perpendicular to the mounting surface of the base) ; L-
axis bending lower arm; U-axis bending upper arm; R-
axis rotatingupper armabout the longitudinal axis; B-axis
wrist bend; T-axis tool coupling rotate about the long-
itudinal axis.
[0022] The railway of Fig. 11 is electrified, therefore
there are portals (one of which is visible) along it, which
carry the contact wire. Fig. 12 shows how the portal leg 6
is founded by a steel-founded prefabricated element 5
next to or in the edge area of the ballast bed 2 which
carries the sleepers 3 with the rails 4 on them.
[0023] Features of different embodiments disclosed
herein can be combined in different ways and different
aspectsof featuresare consideredmutually interchange-
able. All features described or disclosed in the drawing
provide the subjectmatter of the invention on their own or
in any combination, also independently of their place in
the claims or their reference.

Claims

1. Method for carryingoutworkonasectionofa railway,
theworkmay relate tomaintenanceor newconstruc-
tion, the railway vehicle contains a chassis frame
equipped with flange rollers to drive over the two
parallel rails of a railway, the railway vehicle delimits
an internal work space, preferably open towards the
bottom,which is equippedwith awork device towork
on the track structure, for example under the railway
vehicle, for example for tightening and loosening
bolts and screws using a motor-driven screw tool,
such as a so-called collar screw machine, for exam-
ple of the rail mounting, such as the spring clamps,
on the sleepers.

2. Method according to claim 1, the working device is
equipped with the working tool and associated elec-
tric drive motor, a robot arm for manipulating the
working tool, and a telescopic cardan shaft, with
which the input shaft of the working tool is drivingly
coupled to the output shaft of the drive motor so that
the cardan shaft provides the drive for the working
tool for tightening the fastening bolts.

3. Method according to claim 1 or 2, the function of the
robot arm remains limited during themethod to hold-
ing and spatially positioning the working tool, and is
lightweight.

4. Method according to one of claims 1‑3, the working
tool is positioned freely in spaceby the robot armdue
to the use of the telescopic cardan shaft.

5. Method according to one of claims 1‑4, one or more
of the following applies to the working device:

- is mounted on the chassis frame of the rail
vehicle;
- ismounted to the sideof the central longitudinal
axis of the rail vehicle, seen in top view;
- the telescopic cardan shaft has a cardanic
coupling at both ends and a telescopic rod in
between that canbe lengthenedor shortenedby
telescoping;
- the telescopic cardan shaft is at one end, at a
distanceof at least 50 centimetres from thedrive
motor, cardanically coupled to the work tool via
the cardanic coupling;
- the telescopic cardan shaft is at its other end
cardanically coupled to the output shaft of the
drive motor via the cardanic coupling;
- the lengthof the fully retractedcardanshaft is at
least 25 and at most 150 centimetres;
- the length of the fully extended cardan shaft is
at least 75 and at most 250 centimetres;
- the work tool is equipped with a clamp, with
which it temporarily fixes itself in relation to the

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 563 745 A1 8

track structure, by clamping itself to a rail;
- the output shaft of the drive motor is oriented
vertically;
- theoutput shaft of thedrivemotor is locatedat a
level at least 50 centimetres above the level at
which the base of the robot arm is mounted on
the rail vehicle;
- the output shaft of the drive motor is located at
least 25 centimetres further away from the cen-
tre longitudinal axis of the rail vehicle and the
railway than the base of the robot arm, seen in
plan view;
- the output shaft of the drive motor is located
vertically directly above the straight line con-
necting the running wheels on the same side
of the rail vehicle;
- theoutput shaft of thedrivemotor is locatedat a
level at least 50 centimetres and at most 200
centimetres above the level of the bottom of the
running wheels of the rail vehicle, in other words
the top of the rail head in the event that the
running wheel in question rests on the rail head
in the typical manner;
- the robot arm and drive motor are mounted to
the side of the centre longitudinal axis of the rail
vehicle and the railway, seen in plan view, posi-
tioned in the horizontal direction transversely to
the centre longitudinal axis at a distance of at
least 50 centimetres from that centre longitudi-
nal axis.

6. Method according to any of claims 1‑5, the rail ve-
hicle provides one or more of the following:

- a downwardly open internal working space, so
that the internal working space is provided be-
tween two upright side walls of the rail vehicle,
from which internal working space access is
obtained via the open underside to the track
structure under the rail vehicle;
- a chassis frame formed by profiles;
- panels attached to the chassis frame for form-
ing walls to form an internal working space
shielded from the weather;
- the internal working space is a rectangular
block with a width of at least 1.5 metres and a
height of at least 2 metres;
- the internal working space is provided between
a front and a rear upright wall;
- the front and rear upright walls maintain a
distance, measured along the centre longitudi-
nal axis of the vehicle, of at least 1 and at most 3
metres;
- designed as a rail/road vehicle;
- light in weight,maximum5 thousand kilograms
to beable to be transportedon the road asa load
from a lorry

7. Method according to any one of claims 1 to 6, for the
industrial robot arm one or more of the following
applies:

- of precisely 6-axis type;
- of vertically articulated type;
- contains the following axes of movement: S, L,
U, R, B, T (see fig. 6 + 7);
- the maximum rotation angle of all six axes of
movement is at least 90 degrees;
- for the characteristic dimensions V, W, X, Y, Z
(see fig. 6) the following applies (in millimeters):
V at least 490 and at most 590, W at least 190
and 230, X at least 810 and at most 930, Y at
least 945 and atmost 1105, Z at least 290 and at
most 350;
- mounted with the S-axis, i.e. the axis of move-
ment of the base, horizontal; - mounted with the
base or the S-axis, i.e. the axis of movement of
the base, at a level at least 50 centimetres andat
most 200 centimetres above the level of the
bottom of the running wheels of the rail vehicle,
in otherwords the topof the rail head in theevent
that the running wheel in question rests on the
rail head in the typical manner.

8. Method according to any one of claims 1 to 7, while
theworkingdevice is in operation andof anumber of,
for example, at least 10 mutually identical spring
clamps, with mutual spacing according to the pitch
of the sleepers and directly following each other,
viewed in the longitudinal direction of the railway,
tightens the fastening bolts by means of the working
tool which is held and spatially positioned by the
robot arm and driven by the cardan shaft, the railway
vehicle moving over the track has a continuous for-
ward speed of, for example, at least 100 metres per
hour, while theworking tool, bymanipulationwith the
robot arm, in the meantime carries out a movement
cycle with respect to the railway vehicle of first mov-
ing forward, with a forward speed higher than that of
the railway vehicle, to the next fastening bolt and
engaging it and then moving backwards while enga-
ging and remaining in the same locationwith respect
to the fastening bolt, until the fastening bolt has been
sufficiently tightened and then again forward move-
ment, at a forward speed higher than that of the rail
vehicle, to the next attachment bolt of the number.

9. Method according to one of claims 1‑10, the rail
vehicle is non-articulated.

10. Rail vehicle for carrying out the method according to
one of claims 1‑9.

11. Rail vehicle according to claim 10, with one or more
of the design features according to oneof claims 1‑9.
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