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Description
Technical Field

[0001] The present disclosure relates to longwall min-
ing installations in underground mines, and, more partic-
ularly, to a device and method for measuring a course of
a longwall mining installation extending along a longwall
face.

Background

[0002] Inlongwall mining, alongwall mining installation
extends along a longwall face to extract material there-
from, and subsequently advances in a working direction
perpendicular to the longwall face. During each advanc-
ing step, the components of the longwall mining installa-
tion such as a face conveyor and shield supports move
towards the longwall face.

[0003] For monitoring and/or controlling purposes, itis
generally desireable to know the exact position and ori-
entation of the longwall mining components along the
longwall face. Accordingly, mining equipment manufac-
turers developed several position and/or orientation
measuring systems for the longwall mining installation in
the past.

[0004] For example, EP 2 446 207 A2 of Caterpillar
Global Mining discloses a method and apparatus for de-
termining the position and/or situation of installation com-
ponents of a longwall mining installation. A measuring
system may include a detection unit with measurement
sensor. The detection unit may be movable to and fro
between two points of a guiding system along at least
one installation component at the longwall face. The
movement of the detection unit as disclosed in EP 2 446
207 A2 is decoupled from an extraction machine.
[0005] Further examples of position measuring units
are discussed in DE 1 246 647 A and GB 2 263 292 A.
[0006] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Disclosure

[0007] In one aspect of the present disclosure, a
course measuring flight bar for a chain conveyor of a
longwall mining installation is disclosed. The chain con-
veyor may include a first conveyor chain. The course
measuring flight bar may comprise a main body, a first
chain mount for mounting the course measuring flight bar
to the first conveyor chain, and a course measuring de-
vice for measuring a position and/or an orientation of the
course measuring flight bar. The course measuring de-
vice may be integrated in the main body.

[0008] In another aspect of the present disclosure, a
chain conveyor for a longwall mining installation is dis-
closed. The chain conveyor may comprise a plurality of
flightbars, atleast one of which being a course measuring
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flight bar as exemplary disclosed herein.

[0009] In yet another aspect of the present disclosure,
a longwall mining installation is disclosed. The longwall
mining installation may comprise a chain conveyor as
exemplary disclosed herein for arranging along a long-
wall face for transporting away extracted material. The
longwall mining installation may further comprise an ex-
traction machine for extracting material from the longwall
face, and a remote control unit. The remote control unit
may be configured to receive position and/or orientation
measurements from at least one course measuring flight
bar of the chain conveyor, and to determine a course of
the chain conveyor along the longwall face based on a
plurality of received position and/or orientation measure-
ments. The remote control unit may be further configured
to output the determined course of the chain conveyor
to a display device, to control advancing of the longwall
mining installation in a working direction based on the
determined course of the chain conveyor, and/or to con-
trol the extraction machine based on the determined
course of the chain conveyor.

[0010] According to yet another aspect of the present
disclosure, a method for measuring a course of a chain
conveyor along a longwall face is disclosed. The chain
conveyor may comprise at least one flight bar as exem-
plary disclosed herein. The method may comprise oper-
ating the chain conveyor, and during operating the chain
conveyor, measuring atleast one position and orientation
of the at least one flight bar by the course measuring
device.

[0011] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0012] The accompanying drawings, which are incor-
porated herein and constitute a part of the specification,
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the princi-
ples of the disclosure. In the drawings:

Fig. 1 is a schematic drawing of an exemplary long-
wall mining installation;

Fig. 2 is a perspective view of a conventional flight
bar;

Fig. 3 is a perspective view of a course measuring
flight bar according to the present disclosure;

Fig. 4 is a perspective view of another embodiment
of a course measuring flight bar according to the
present disclosure; and

Fig. 5 is a schematic drawing of a course measuring
system according to the present disclosure.

Detailed Description

[0013] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
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plary embodiments described therein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.

[0014] The present disclosure is based in part on the
realization that a measuring device may be integrated in
a flight bar of a chain conveyor to form a course meas-
uring flight bar. The course measuring flight bar is - similar
to conventional flight bars - fastened to at least one con-
veyor chain of the chain conveyor. Thus, the course
measuring flight bar revolves with the conveyor chain(s)
in an upper strand and a lower strand of the chain con-
veyor, and, thereby, measures a course of the chain con-
veyor along the longwallface. In particular, a combination
of aplurality of measurements acquired by the measuring
flight bar during travel in the upper strand and lower
strand of the chain conveyor, respectively, may be com-
bined to determine the course of the chain conveyor
along the longwall face.

[0015] As used herein, the term "course" relates to a
plurality of spacial positions and spacial orientations (also
referred to as poses) representing a spacial route (path)
along which a respective component such as a conveyor
extends.

[0016] In the following, a longwall mining installation
utilizing a measuring flight bar is described in connection
with Fig. 1. Thereafter, a conventional flight bar is de-
scribed with reference to Fig. 2, and two embodiments
of a course measuring flight bar are described with ref-
erence to Figs. 3 and 4. Under specific reference to Fig.
5, an exemplary course measuring device is explained.
[0017] ReferringtoFig. 1, alongwall mining installation
is referred to in its entirety by reference numeral 1. Long-
wall mining installation 1 extends along a longwall face
2, and comprises a plurality of installation components
such as an extraction machine 4, shield supports 6, and
a face conveyor 8.

[0018] In operation, extraction machine 4 cuts along
longwall face 2 in a reciprocating manner to extract ma-
terial 10, for example, coal. As an example, extraction
machine 4 may be a shearer, a mining plow or a hard
rock cutter.

[0019] To maintain longwall face 2 accessible, shield
supports 6 are arranged in series along the longwall face
2. Surrounding rock can only break in and form the so-
called old workings after advancing of shield supports 6.
[0020] Moving devices 12 are connected between
shield supports 6 and face conveyor 8. Said moving de-
vices 12 may comprise a pushing or walking bar, which
is hydraulically loadable in two directions. In case moving
device 12 is loaded in one of the two possible directions,
a respective face conveyor segment 9 of face conveyor
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8 is pushed forward in a work direction (indicated by an
arrow A in Fig. 1). If loaded in the other one of the two
possible directions, moving device 12 pulls up individual
shield supports 6 in work direction (arrow A).

[0021] Material mined by extraction machine 4 drops
onto face conveyor 8, which transports the extracted
pieces of rock and minerals to a main roadway 14 (also
referred to as drift). There, the extracted pieces are
passed to a pass-over conveyor or roadway conveyor
16. The transported pieces may be crushed and further
transported via, for example, a belt conveyor.

[0022] Particularly, face conveyor 8 extends along
longwall face 2 and builds up of a plurality of face con-
veyor segments 9. Said face conveyor segments 9 are
connected in series so as to resist separation when a
tensile force is applied, and to restrict relative angular
movement. Face conveyor 8 is formed as a so-called
chain conveyor including two conveyor chains 17, which
are redirected by sprockets 15 accommodated in respec-
tive stations at each end of face conveyor 8. Specifically,
conveyor chains 17 are guided in a first direction in an
upper strand of face conveyor 8 when transporting ma-
terial toroadway conveyor 16, and are guided in a second
direction, which is oppositely directed to the first direction,
in a lower strand of face conveyor 8 during return travel.
To drive face conveyor 8, a main drive 18 is arranged in
main roadway 14, and an auxiliary drive 20 may be ar-
ranged in an auxiliary roadway 22.

[0023] To facilitate a material transport by means of
traveling conveyor chains 17 of chain conveyor 8, a plu-
rality of flight bars (scrapers) 23, 24 are fastened at con-
veyor chains 17 at preset distances. Of the plurality of
flight bars 23, 24, at least one flight bar is considered as
course measuring flight bar 24, one of which is exemplary
shownin Fig. 1. For the purpose of the presentdisclosure,
the remaining flight bars are considered as conventional
flight bars 23.

[0024] Course measuring flightbar 24 differs from con-
ventional flight bar 23 at least in that course measuring
flight bar 24 is equipped with a course measuring device
52. Course measuring device 52 is configured to transmit
position and orientation information of course measuring
flight bar 24 to a control unit 68 as is described in greater
detail herein later on. The information may be in the form
of raw measuring data, and/or may be at least partially
preprocessed.

[0025] Referring to Fig. 2, a conventional flight bar 23
is depicted. Conventional flight bar 23 is mountable to
two conveyor chains 17 only one of which is exemplary
shown in Fig. 2 in a simplified manner by way of three
chain links 28, 30, 32 for the purpose of clarity.

[0026] Conventional flight bar 23 comprises a main
body 34. Said main body 34 includes a top web 36, a first
and second flight bar wing 38 and 40 at each end, and
a clamp 42. Flight bar wings 38, 40 may be integrally
formed with top web 36. Clamp 42 is mounted below an
underside of top web 36, for example, by means of a
screw mechanism.
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[0027] In the shown embodiment of Fig. 2, the screw
mechanism consists of threaded shanks 44 and fasten-
ing nuts 46. For mounting clamp 42 below top web 36,
threaded shanks 44 are inserted into aligned through-
holesinclamp 42 andtop web 36, respectively. Fastening
nuts 46 are screwed onto threaded shanks 44 to rigidly
connect clamp 42 to top web 36.

[0028] In an assembled state, in which clamp 42 is at-
tached to top web 36, both clamp 42 and top web 36 form
two chain mounts 48 between one another for mounting
conventional flight bar 23 to two conveyor chains 17, only
one of which is shown in Fig. 2.

[0029] Referring to Fig. 3, course measuring flight bar
24 is shown. Similar to conventional flight bar 23 of Fig.
2, course measuring flight bar 24 of Fig. 3 includes main
body 34 with top web 36, first and second flight bar wing
38 and 40 at each end, and clamp 42. Likewise, clamp
42 is mounted to top web 36 via threaded shanks 44 and
fastening nuts 46.

[0030] As outlined before, course measuring flight bar
24 of Fig. 3 differs from conventional flight bar 23 of Fig.
2 in that course measuring flight bar 24 is provided with
course measuring device 52.

[0031] Course measuring device 52 is integrated in
main body 34 of course measuring flight bar 24. In par-
ticular, course measuring device 52 may be integrated
in, forexample, top web 36, firstflight bar wing 38, second
flight bar wing 40, clamp 42, or threaded shank 44.
[0032] In some embodiments - as the one shown in
Fig. 3 -, but not necessarily, course measuring device
52 may be provided in a cartridge 53, which is insertable
into a cartridge cradle 50 in course measuring flight bar
24,

[0033] Cartridge 53 is exemplary depicted in Fig. 3 in
a separate view next to course measuring flight bar 24
in a not inserted state. For example, cartridge 53 may be
securable in cartridge cradle 50 by means of a screw
mechanism, and/or a snap-fit mechanism.

[0034] For example, cartridge 53 may have an outer
shape of a cylinder, a polyhedron, or combinations there-
of. Likewise, cartridge cradle 50 may be designed with
inner faces at least partially matching with the outer
shape of respective cartridge 53.

[0035] In the shown embodiment of Fig. 3, cartridge
cradle 50 for housing cartridge 53 is disposed in second
flight bar wing 40. Alternatively, cartridge cradle 50 may
be arranged at any other conceivable location of main
body 34 such as top web 36, first flight bar wing 38, sec-
ond flight bar wing 40, and/or clamp 42. As a further al-
ternative, cartridge 53 and threaded shank 44 may be
integrally formed with one another such that aligned
throughholes in top web 36 and clamp 42 form a cartridge
cradle.

[0036] In Fig. 4, a further embodiment of a course
measuring flight bar is referred to with reference numeral
54.

[0037] Course measuring flight bar 54 of Fig. 4 differs
from course measuring flight bar 24 of Fig. 3 in that course
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measuring flight bar 54 is shorter and provided with one
chain mount 48’ only. For example, course measuring
flight bar 54 may be fastened to the sole conveyor chain
of a single chain conveyor (not shown), or to one of con-
veyor chains 17 of (double) chain conveyor 8 shown in
Fig. 1.

[0038] To facilitate course measurements, course
measuring device 52’ is integrated in main body 34’ of
course measuring flight bar 54’. Specifically, course
measuring device 52’ is provided in cartridge 53’, which
in turn is inserted in cartridge cradle 50'. Said cartridge
cradle 50’ at least partially extends through top web 36’
of mainbody 34’. As explained, course measuring device
52’ may be not necessarily provided in cartridge 53, but
may be directly integrated in main body 34’, similar to
measuring flight bar 24 of Fig. 3 described herein.
[0039] InFig.5, course measuring device 52 is depict-
ed. Said course measuring device 52 forms part of a
course measuring system 60 further including a remote
control unit 68.

[0040] Course measuring device 52 includes a meas-
uring unit 62, a data storage 64, a microprocessor 65, a
transmitter 66, and an electric power supply 70.

[0041] Course measuring unit 62 is configured to
measure and output any kind of information facilitating
position and/or orientation determination of course
measuring unit 62, and, thus, of course measuring flight
bar 24 or 54.

[0042] In the shown embodiment of Fig. 5, course
measuring unit 62 is embodied as inertial measurement
unit (often referred to as IMU in literature). The IMU has
three accelerometers 72 and three gyroscopes 74. The
three accelerometers 72 and three gyroscopes 74 are
configured and arranged to measure three accelerations
and three angular velocities along three linearly inde-
pendent axes, respectively.

[0043] In some embodiments, a sensor integrated in
position measuring unit 62 may be capable to measure
the gravitational direction for providing a reference direc-
tion in relation to the direction of the three accelerations
and three angular velocities.

[0044] Alternatively or additionally, course measuring
unit 62 may include more or less accelerometers, and/or
gyroscopes, and/or may include at least one sensor with
a different measuring principle, which facilitates position
and/or orientation measurements.

[0045] Measured data from course measuring unit 62
is at least temporarily stored in data storage 64. To trans-
mit data between course measuring unit 62 and data stor-
age 64, a wireless or wired connection 76 is provided
between the same. For the purpose of storing data, data
storage 64 may include any type of temporally, and/or
permanent memory known in the art.

[0046] Microprocessor 65 is configured and linked to
process any kind of data and to perform any kind of com-
mand and operation, which are required for operating
course measuring unit 62, data storage 64, transmitter
66, and/or electric power supply 70 as desired.



7 EP 2 905 423 A1 8

[0047] Transmitter 66 is capable of transmitting stored
data from data storage 64 to remote control unit 68. A
wireless or wired connection 78 connects data storage
64 and transmitter 66 to transmit data between both. Al-
ternatively or additionally, transmitter 66 may be able to
directly transmit measured data from measuring unit 62
to remote control unit 68 without using an intermediate
storage such as data storage 64.

[0048] In some embodiments, transmitter 66 may be
integrated with a receiver (not shown in further detail in
Fig. 5) to form a so-called transceiver for facilitating bi-
directional communication between the transceiver and
remote control unit 68. For example, signals sent from
remote control unit 68 may indicate that position meas-
urements are required, electric power supply 70 shall
switch-off, or data sent by transmitter 66 was not accu-
rately received by control unit 68.

[0049] Electric power supply 70 is provided to energize
course measuring unit 62, data storage 64, microproc-
essor 65, and transmitter 66. Electric power supply 70
may be replaceably provided in cartridge 53, or in flight
bar 24 or 54 (see Figs. 3 and 4). Alternatively or addi-
tionally, electric power supply 70 may be rechargeable,
for example, by means of a vibration powered generator
mounted in flight bar 24 or 54, and/or via wireless power
transmission. As an example, electric power supply 70
may be a (non-) rechargeable battery.

[0050] In some embodiments, course measuring de-
vice 52 may further include a dampening device 82 as
schematically indicated by a dashed rectangular in Fig.
5. Dampening device 82 may dampen shocks and vibra-
tions, which may damage any component of course
measuring device 52, and/or may degrade the quality of
the measurements taken.

[0051] Dampening device 82 may feature any type of
active or passive dampening mechanism known in the
art. For example, dampening device 82 may be a rubber
or a cushion provided about a specific, some, or each
component of course measuring device 52 to dampen
vibrations and shocks.

[0052] Course measuring device 52, or one, or more
components thereof may be included in cartridge 53 de-
scribed in particular in connection with Fig. 3.

[0053] To receive data via a communication link 80
from transmitter 66, remote control unit 68 is equipped
with a receiver. In embodiments with bi-directional com-
munication as explained, remote control unit 68 may fur-
ther include a transmitter. For example, communication
link 80 may be a wireless communication link.

[0054] Remote control unit 68 may be positioned at
any suitable location of the longwall mining installation 1
shown in Fig. 1. For example, remote control unit 68 may
be arranged next to one of drives 18 and 20 in roadway
14 and 22, respectively. For controlling longwall mining
installation 1, remote control unit 68 may be integrated
with and/or coupled to a central control unit (not shown
in further detail), which may be configured to control the
components of longwall mining installation 1 at least in
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part.

Industrial Applicability

[0055] The course measuring device as generally dis-
closed herein is applicable in mining installations. Par-
ticularly, the course measuring device is applicable in
longwall mining installations extending along a longwall
face for the purpose of extracting material therefrom. The
longwall mining installation includes a chain conveyor for
transporting the extracted material to a roadway.
[0056] In the following, operation of the course meas-
uring device 52 is described with reference to Figs. 1 to 5.
[0057] During operation of longwall mining installation
1, face conveyor 8 transports material extracted by ex-
traction machine 4 to a pass-over station for passing the
material to roadway conveyor 16. As face conveyor 8 is
embodied as double chain conveyor, two conveyor
chains 17 revolve in the upper and lower strand of the
same. Fastened to the conveyor chain(s) 17, a plurality
of flight bars 23, 24 is provided, at least one of which
being a course measuring flight bar 24.

[0058] Course measuring flight bar(s) 24, and, thus,
course measuring device(s) 52, travel with conveyor
chain 17 and further conventional flights bars 23 of face
conveyor 8 during operation. As a result, course meas-
uring flight bar 24 moves in the upper strand of face con-
veyor 8 in a first direction, which is the material transport
direction, and moves in the lower strand of face conveyor
8 in a second direction opposite to the first direction. This
allows to continuously determine a three-dimensional po-
sition and/or orientation of face conveyor segments 9
connected in series to form face conveyor 8 and passed
by course measuring flight bar(s) 24 or 54.

[0059] Specifically, if activated, sensors 72, 74 of
course measuring unit 62 continuously measure accel-
erations and angular velocities, for example, at a rate of
1 kHz or higher. Transmittal of measured data may be
performed in a continuous manner, in which as soon as
new measurements are taken, the same are transmitted
to remote control unit 68 via communication link 80. Al-
ternatively or additionally, measured data may be pro-
vided in packages, which may include preprocessed data
to reduce package size, at preset timings, and/or upon
request from remote control unit 68 or when passing by
remote control unit 68.

[0060] Based on the measured accelerations and an-
gular velocities, which are transmitted to remote control
unit 68, a position and an orientation of flight bar 24 at
the time the measurements were taken are determined,
for example, by remote control unit 68, or a specific con-
trol unit for processing the position and orientation data.
[0061] Further, based on a plurality of determined po-
sitions and orientations received from one or more course
measuring flight bars 24 or 54, a course of face conveyor
8 along longwall face 2 is determined. The resolution and
accuracy of the determined course of face conveyor 8
along longwall face 2 depends on the number of included
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measurements. For example, higher measuring and
transmitting frequencies, and/or providing more than one
course measuring flight bar 24 or 54 with measuring unit
62 may result in a higher resolution and accuracy of the
determined course of face conveyor 8.

[0062] The measurements may be furtherimproved by
providing a certain redundancy. For example, course
measuring unit 62 may include redundant accelerome-
ters and gyroscopes, and/or several flight bars 24 may
be coupled to the conveyor chain(s) 17 of face conveyor
8.

[0063] Naturally, during operation of longwall mining
installation 1, the course of face conveyor 8 along face
2 constantly changes due to advancing oflongwall mining
installation 1 in the working direction (arrow A in Fig. 1)
such that the determined course needs to be updated
regularly by new measurements from one or more course
measuring units 62.

[0064] In some embodiments, the determined course
of face conveyor 8, and, thus, longwall mining installation
1 may be visualized via a display to an operator, and/or
may be used to control longwall mining installation 1. For
example, advancing of longwall mining installation 1 may
be controlled based on the determined course of face
conveyor 8. In particular, the actual course of face con-
veyor 8 along longwall face 2 may be adjusted based on
the determined course to form a straight line along long-
wall face 2. Additionally or alternatively, extraction ma-
chine 4 may be controlled based on the determined
course of face conveyor 8.

[0065] The system for measuring positions and orien-
tations of conveyor segments 9 as disclosed herein may
allow a robust determination of the course of face con-
veyor 8 along longwall face 2 for a couple of reasons.
[0066] For example, the degrees of freedom of the
movement of course measuring flight bar 24, and, thus,
of course measuring device 52 is limited due to the fixa-
tion at conveyor chain(s) 17. Being aware of this, it is
clear that the velocity direction of flight bar 24 in a body
fixed coordinate system of course measuring flight bar
24 is constant over averaged time. Further, due to the
fixation of course measuring flight bar 24 to conveyor
chain 17, orientation changes of course measuring flight
bar 24, and, thus, course measuring device 52 are limit-
ed.

[0067] As afurtherreason, a multiple measurement of
a specific segment 9 of face conveyor 8 by one specific
course measuring flight bar 24 is facilitated as course
measuring flight bar 24 alternately travels in the upper
strand and, in an upside-down state, in the lower strand
of face conveyor 8. Naturally, the specific segment 9 of
chain conveyor 8 may not be advanced in due time.
[0068] Specifically, a first position and orientation of
flight bar 24 during travel in an upper strand of a first
conveyor segment 9 of face conveyor 8 may be meas-
ured. Then, a second position and orientation of course
measuring flight bar 24 during travel in a lower strand of
the first conveyor segment 9 of face conveyor 8 may be
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measured. Afterwards, the first position and orientation
may be averaged with the second position and orienta-
tion.

[0069] Knowing that course measuring flight bar 24
travels right way up in the upper strand of face conveyor
8 and upside-down in the lower strand of face conveyor
8, it may be further possible to calibrate sensors 72, 74,
and/or to detect inaccurate sensors 72, 74 by comparing
measurements of the individual sensors 72, 74 of meas-
uring unit 62.

[0070] Still further, by increasing a number of course
measuring flight bars 24, and, thus, course measuring
devices 52, the number of available measurements for
determining the course of face conveyor 8 may be in-
creased. For example, 5, 10, 15 or even more course
measuring flight bars 24 may be connected to conveyor
chain(s) 17 of face conveyor 8. The number of course
measuring flight bars 24 may also depend on the length
of face conveyor 8, wherein as a general rule longer face
conveyors 8 may be provided with a higher number of
measuring flight bars 24.

[0071] It should be appreciated that the course meas-
uring system for measuring a course of a longwall mining
installation along a longwall face as generally disclosed
herein, may be also suitable for measuring a course of
mining components along the roadway. For example, a
roadway conveyor (for example roadway conveyor 16
shown in Fig. 1) may comprise a plurality of flight bars at
least one of which being a measuring flight bar as exem-
plary disclosed herein.

[0072] Itis noted that, in some embodiments, data ac-
quisition and/or data processing based on measure-
ments from measuring unit 62 may be conducted in ac-
cordance with the method disclosed in EP 2 446 207 A2,
which is hereby entirely incorporated herein by reference
as being an actual part of the present disclosure.
[0073] According to a further aspect of the present dis-
closure, a device for measuring a course of a longwall
mining installation along a longwall face may comprise
a course measuring device accommodated in a housing.
The housing may include a chain mount connectable to
an extraction machine drive chain, for example, of a min-
ing plow.

[0074] During operation of the longwall mining instal-
lation, at least one device travels with the extraction ma-
chine drive chain in an upper and/or lower strand of a
respective drive chain guidance. As a result, the course
of the longwall mining installation can be determined in
accordance with the method described herein in connec-
tion with measurements taken by course measuring de-
vice 52 in flight bar 24 or 54.

[0075] One skilled in the art will appreciate, that em-
bodiments of the course measuring device connected to
the extraction machine drive chain may incorporate any
feature, and/or feature group as described herein if ap-
plicable.

[0076] Forexample, the course measuring device may
be embodied similar to course measuring device 52.
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[0077] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A course measuring flight bar (24) for a chain con-
veyor (8) of a longwall mining installation (1), the
chain conveyor (8) including a first conveyor chain
(17), the course measuring flight bar (24) comprising:

a main body (34);

a first chain mount (48) for mounting the course
measuring flight bar (24) to the first conveyor
chain (17); and

a course measuring device (52) for measuring
a position and/or an orientation of the course
measuring flight bar (24), the course measuring
device (52) being integrated in the main body
(34).

2. The course measuring flight bar (24) of claim 1, fur-
ther comprising:

a cartridge cradle (50) integrated in the main
body (34); and

a cartridge (53) accommodating the course
measuring device (52), the cartridge (53) being
insertable into the cartridge cradle (50).

3. The course measuring flight bar (24) of claim 2,
wherein the cartridge (53) is securable in the car-
tridge cradle (50) by a screw mechanism, and/or a
snap-fit mechanism.

4. The course measuring flight bar (24) of any of the
preceding claims, wherein the main body (34) further
comprises:

a top web (36);

a first flight bar wing (38) forming a first end of
the main body (34);

a second flight bar wing (40) forming a second
end of the main body (34); and

a clamp (42) mounted to the top web (36), the
top web (36) and the clamp (42) being config-
ured to form the first chain mount (48) between
one another.

5. The course measuring flight bar (24) of claim 4,
wherein the course measuring device (52) is inte-
grated in at least one of the top web (36), the first
flight bar wing (38), the second flight bar wing (40),
the clamp (42), and/or a threaded shank (44) con-
necting the clamp (42) and the top web (36).
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6.

10.

1.

The course measuring flight bar (24) of any one of
the preceding claims, wherein the course measuring
device (52) comprises an inertial measurement unit
(62) with three accelerometers (72) and three gyro-
scopes (74).

The course measuring flight bar (24) of any one of
the preceding claims, wherein the course measuring
device (52) further comprises at least one of:

a transmitter (66) for transmitting data from the
measuring unit (62) to a remote control unit (68);
a data storage (64) for storing data;

a microprocessor (65); and/or

an electric power supply (70) for supplying elec-
tric power, the electric power supply (70) being
replaceable and/or rechargeable.

The course measuring flight bar (24) of any one of
the preceding claims, the course measuring flight
bar (24) further comprising a second chain mount
(48) for mounting the course measuring flight bar
(24) to a second conveyor chain (17) of the chain
conveyor (8).

A chain conveyor (8) for alongwall mining installation
(1), the chain conveyor (8) comprising a plurality of
flight bars (23, 24), at least one of which being a
course measuring flight bar (24) according to any
one of the preceding claims.

The chain conveyor (8) of claim 9, wherein the chain
conveyor (8) is formed as a double chain scraper
conveyor with two conveyor chains (17).

A longwall mining installation (1) comprising:

a chain conveyor (8) according to claim 9 or 10
for arranging along a longwall face (2) for trans-
porting away extracted material;

an extraction machine (4) for extracting material
from the longwall face (2); and

a remote control unit (68) configured to receive
position and/or orientation measurements from
at least one course measuring flight bar (24) of
the chain conveyor (8), and to determine a
course of the chain conveyor (8) along the long-
wall face (2) based on a plurality of received po-
sition and/or orientation measurements, the re-
mote control unit (68) being further configured to
output the determined course of the chain con-
veyor (8) to a display device;

control advancing of the longwall mining instal-
lation (1) in a working direction (A) based on the
determined course of the chain conveyor (8);
and/or

control the extraction machine (4) based on the
determined course of the chain conveyor (8).
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12. Amethod for measuring a course of a chain conveyor
(8) along a longwall face (2), the chain conveyor (8)
comprising at least one flight bar (24) according to
any one of claims 1 to 8; the method comprising:

5
operating the chain conveyor (8); and
during operating the chain conveyor (8), meas-
uring at least one position and orientation of the
at least one flight bar (24) by the course meas-
uring device (52) 10

13. The method of claim 12, further comprising:

determining a course of the chain conveyor (8)
based on a plurality of measured positions and 15
orientations.

14. The method of claim 12 or 13, further comprising at
least one of:
20

controlling advancing of the chain conveyor (8)
in a working direction (A) towards the longwall
face (2) based on the determined course of the
chain conveyor (8);
controlling material extraction from the longwall 25
face (2) based on the determined course of the
chain conveyor (8);
visualizing the determined course of the chain
conveyor (8) to an operator; and/or
calibrating the at least one course measuring 30
flight bar (24).

15. The method of claim of any one of claims 12 to 14,
wherein the step of measuring at least one position
and orientation includes: 35

measuring a first position and orientation of the
flight bar (24) during travel in an upper strand of

a first conveyor segment (9) of the chain con-
veyor (8); 40
measuring a second position and orientation of

the flight bar (24) during travel in a lower strand

of the first conveyor segment (9) of the chain
conveyor (8); and

averaging the first position and orientation with 45
the second position and orientation.

50

55



EP 2 905 423 A1

SN

L~

L




EP 2 905 423 A1

10



EP 2 905 423 A1

1"



EP 2 905 423 A1

FIG 4

FIG 5

o

o

B~ 5
———— p—— F
i |
1 |
I oo i
1 I
1 I
| o |
_ ~— |
I K] o
I O M~ 1

]
I <t i
I o 1
N _
= “
1 N ] 1
I |
i |
| I
I |
1 i
1 |
| |

S PO L

Y
o
r~ M

52

12



10

15

20

25

30

35

40

45

50

55

EP 2 905 423 A1

D)

Europiisches
Patentamt

European

Patent Office EUROPEAN SEARCH REPORT

Office européen
des brevets

[y

EPO FORM 1503 03.82 (P04CO01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 15 4389

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE

Cat
ategory of relevant passages to claim APPLICATION (IPC)
Y US 2013/015043 Al (TOUT JOHN [GB] ET AL) [1-10,12,[ INV.

17 January 2013 (2013-01-17) 13 E21C27/02
A * paragraphs [0053], [0054]; figure 7 * |11,14,159 E21C31/12
Y US 2007/056379 Al (NASSAR SAYED [US] ET 1-10,12,

AL) 15 March 2007 (2007-03-15) 13
A * paragraphs [0012], [0013], [0021]; 11,14,15

figure 2 *
Y US 2011/093218 Al (VOZNER TIBOR [CA]) 1-10,12,

21 April 2011 (2011-04-21) 13

* paragraphs [0014] - [0016]; figures 1, 2

*
Y US 5 624 162 A (GUSE KUNO [DE] ET AL) 1-10,12,

29 April 1997 (1997-04-29) 13

* column 2, Tine 35 - column 3, line 38 *
Y EP 1 464 919 Al (RENOLD PLC [GB]) 1-10,12,

6 October 2004 (2004-10-06) 13

* _ . ] *

paragraphs [0011] - _[EJEJ13] ; figure 1 TECHNICAL FIELDS |
E21C

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Munich 28 May 2014 Manolache, Iustin

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

13




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 2 905 423 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 14 15 4389

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

28-05-2014
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013015043 Al 17-01-2013  NONE

US 2007056379 Al 15-03-2007  NONE

US 2011093218 Al 21-04-2011  NONE

US 5624162 A 29-04-1997 DE 4435842 Al 11-04-1996
PL 310843 Al 15-04-1996
us 5624162 A 29-04-1997

EP 1464919 Al 06-10-2004 AT 362608 T 15-06-2007
DE 602004006459 T2 17-01-2008
EP 1464919 Al 06-10-2004
GB 2400090 A 06-10-2004
US 2004226805 Al 18-11-2004

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14



EP 2 905 423 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  EP 2446207 A2 [0004] [0072] .« GB 2263292 A [0005]
. DE 1246647 A [0005]

15



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

