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Transport unit, material transfer structure, material transfer unit, mobile
haulage arrangement method

The invention relates to a transport unit, a material transfer structure and a material
transfer unit for a mobile haulage arrangement for continuously conveying fragmented
material in a conveying direction. The invention further relates to a mobile haulage ar-
rangement and a method for continuously conveying fragmented material in a conveying

direction.

In mining, it is generally an objective to transport fragmented material being mined by a
cutting or mining device from a mining location, for example in a mining shaft under-
ground, to a dispose location, for example a dump or a further conveyor inside or outside
the mining shaft. Usually, a mining device, such as a drill, releases the drilled material in
a fragmented form to a conveyor device, preferably a conveyor belt, through which the
material is conveyed away from the mining location to a dispose location. At the dispose

location, the material is usually disposed from the conveyor device to a dispose location.

Document WO 2013/149292 A1, for example, describes a conveyor system between a
loading region and a discharge region, an endless belt bendable in a tubular shape, a
number of carriages including belt rollers for engaging the edges of the belt, a loading
carriage and a discharge carriage. A disadvantage of this solution is the limited mobility of
the carriages, as they are mounted on a fixed ftrack, either hanging from the ceiling or
being mounted to the ground, thus binding the whole arrangement to prearranged tracks

and not being able to move freely around the shaft, resulting in a reduced flexibility.

Document DE 10 2011 105 747 A1 describes a moveable continuous conveyor system
with individual drive modules, whereas every drive module features endless conveying
means and an undercarriage. A disadvantage of this solution is the limited flexibility and

the reduced efficiency, resulting in high maintenance costs.

Document US 2008/0067033 A1 discloses a moveable conveyor belt storage installation
including a belt storage means, conveyor belt support structures following the belt stor-
age means, and a movable takeover car. A disadvantage of this solution is a reduced

efficiency as the conveyor belt storage as well as high maintenance costs.

PCT/EP2015/053226
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It is therefore an object of the present invention to provide a transport unit, a material
transfer structure and a material transfer unit for a mobile haulage arrangement as well
as a mobile haulage arrangement and a method for continuously conveying fragmented
material in a conveying direction, which reduce or eliminate one or several of the disad-

vantages of the prior art.

It is further a particular object of the present invention to provide a transport unit, a mate-
rial transfer structure and a material transfer unit for a mobile haulage arrangement as
well as a mobile haulage arrangement and a method for continuously conveying frag-
mented material in a conveying direction, which increase the efficiency, reliability and/or
safety of the mining process. A further particular object is to provide a transport unit, a
material transfer structure and a material transfer unit for a mobile haulage arrangement
as well as a mobile haulage arrangement and a method for continuously conveying
fragmented material in a conveying direction with an increased modularity, interchangea-

bility, mobility and/or flexibility, in particular at reduced costs.

This object is achieved by a transport unit for a mobile haulage arrangement for continu-
ously conveying fragmented material in a conveying direction, the transport unit compris-
ing two ground transportation structures arranged for movement along the conveying
direction; a support frame connecting the two ground transportation structures and suita-
ble for fitting a belt of an enclosed belt conveyor thereunder; each of the two ground
transportation structures comprising at least one height adjustment device; wherein the
support frame comprises at least one connector, which is adapted for connecting a sup-
port structure thereto; and wherein each of the height adjustment devices is adapted to
vary the position of at least a portion of the support frame in relation to one or both of the

ground transportation structures.

The transport unit comprises two ground transportation structures and a support frame
connecting the two ground transportation structures with each other. The transport unit is
suitable for a mobile haulage arrangement for continuously conveying fragmented mate-
rial in a conveying direction. A mobile haulage arrangement is a setup to facilitate trans-
portation of material, which results from a mining device, such as a drill or a cutting
device, at a mining location. The material may be in a fragmented form, for example
rocks, ore, sand, or pebbles being released by the mining device. To support the propul-
sion of the mining device and to clear the mining location, the released fragmented mate-

rial is transported from the mining location away to a discharge location, which is located
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in a certain distance from the mining location. The material is continuously conveyed by

the mobile haulage arrangement in a conveying direction.

The conveying direction can be described as leading away from the mining location
towards a discharge location. The conveying direction does not necessarily mean that it
is in form of a straight line but can be curved in any direction and vary in routes and over
varying distances. Continuous conveying preferably is to be understood, that the mobile
haulage arrangement is adapted to convey fragmented material without any significant
pauses or interruption, in particular not in a batch process. This is usually performed with
an endless belt conveyor, preferably with an enclosed belt conveyor, moving continuously
from the mining location to the discharge location, adapted to transport the fragmented
material. Such a mobile haulage arrangement has the advantage of an increased mobility
and variability, as it is possible to adjust the length of the mobile haulage arrangement to
the environmental requirements of each mining site by introducing a variable number of

transport units.

The two ground transportation structures each have — in a basic operation position on a
substantially horizontal ground — a main extension in a longitudinal direction, preferably
substantially parallel to the conveying direction, an extension in a substantially vertical
height direction, and an extension in substantially horizontal width direction orthogonal to
the conveying direction. The ground transportation structures are arranged for a move-
ment along the conveying direction and are in connection with or placed on the ground,
for example the floor of a mining shaft on the bottom side. The two ground transportation
structures are also arranged for a movement in an opposite direction of the conveying
direction. Further, the ground transportation structures are also arranged for a movement,
which is different from the conveying direction, for example a movement under an angle

away from the conveying direction.

The support frame is preferably arranged above the two ground transportation structures
with — in a basic operation position on a substantially horizontal ground — a main exten-
sion in a substantially horizontal width direction orthogonal to the conveying direction, an
extension in a longitudinal direction, preferably substantially parallel to the conveying
direction, and an extension in a substantially vertical height direction and connects the
two ground transportation structures in a way that a belt of an enclosed belt conveyor can
be fitted below the support frame, under the bottom side of the support frame, preferably
between the two ground transportation structures. The support frame is preferably made

from a strong and rigid material as for example steel or the like. Preferably, two runs (a

PCT/EP2015/053226
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conveyor run and a return run) of an enclosed belt conveyor can be fitted below the
support frame, bridging a gap between the two ground transportation structures above

the two ground transportation structures.

Each of the ground transportation structures comprises at least one height adjustment
device, wherein each of the height adjustment devices is adapted to vary the position of
at least a portion of the support frame in relation to one or both of the ground transporta-
tion structures. Preferably, at least one height adjustment device is arranged at the top
end of the ground transportation structure, preferably between the top end of the ground
transportation structure and one side of the support frame, thus being able to adjust the
height of one side of the support frame towards one or both ground transportation struc-
tures. At least one height adjustment device is further preferably adapted to vary the
position of at least a portion of the support frame in a vertical or substantially vertical

direction in relation to the ground.

Furthermore, at least one height adjustment device is preferably arranged such that by
varying the height of at least a portion of the support frame towards one or both of the
ground transportation structures, the one and/or two runs of an enclosed belt conveyor
fitted under the support frame can be adjusted relative to the ground. This is advanta-
geous, as the transport unit is able to compensate height differences, for example caused
by bumps or dips, of the ground, thus being able to avoid contact of the one or two runs
of the enclosed belt conveyor fitted under the support frame with the ground. This may
also be advantageous if there are two runs fitted under the support frame because they
can vary in load, possibly leading to a tipover of the transport unit, if the support frame is
not kept in balance, which is prevented by the at least height adjustment device on each
of the ground transportation structures. Preferably, the height adjustment devices both
comprise at least one height adjustment support structure, increasing the support of the
support frame, facilitating a better balancing of heavy loads. It is particularly preferred that
each of the height adjustment devices comprises two height adjustment support struc-

tures.

The support frame comprises at least one connector, which is adapted for connecting a
support structure thereto. The connector is preferably located at one side of the support
frame, in conveying direction or in opposite direction. The connector could be, for exam-
ple, a snap-on or a fixed connector, engaging with a support structure. The connector is

preferably in form of a bar. This is particularly advantageous, as the application of support

PCT/EP2015/053226
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structures reduces the necessity for further transport units within the mobile haulage

arrangement.

The transport unit may be improved in that the that the transport unit is arranged such
that a longitudinal extension of the support frame is parallel to a longitudinal extension of
the two ground transportation structures independent from a position of the height ad-
justment devices. This is particularly advantageous, as the one or two runs of the belt of
the enclosed belt conveyor being fitted under the support frame of the transport unit
would be easily damaged by a rotation about a horizontal axis orthogonal to the convey-
ing direction, as a rotation of the support frame about a horizontal axis orthogonal to the
conveying direction could hamper the movement, leading to bruises of the belt, or even
block or the movement of the belt. In particular, the transport unit is arranged such that
the support frame exhibits no relative movement in longitudinal direction in relation to the
two ground transportation structures, independent from a position of the height adjust-
ment devices. Preferably, the transport unit is arranged such that the support frame is
fixed in longitudinal direction in relation to the two ground transportation structures, inde-

pendent from a position of the height adjustment device.

The transport unit may be improved in that the support frame comprises two connectors,
wherein each of the connectors is adapted for connecting a support structure thereto.
This is further advantageous, as it increases the flexibility, and interchangeability of the
transport unit. The connectors are preferably located at opposite ends, further preferably

on opposite ends of the support frame in the conveying direction.

The transport unit may be further improved in that the transport unit is a crawler unit and
the two ground transportation structures are crawler tracks, wherein the transport unit
comprises at least one crawler drive for driving the crawler. The crawler drive drives at
least one crawler track, preferably both crawler tracks thus driving the crawler, for exam-
ple, in a conveying direction. Preferably, the crawler drive is adapted to drive the crawler
tracks in a forward direction, which is substantially the same direction as the conveying
direction, and also in a backward direction, which is substantially the same direction as
the opposite direction. The crawler unit is preferably adapted to drive the crawler tracks
independent of each other. By this, the crawler unit is able not only to move in a forward
and backward direction, but also in a turning direction. This is achieved by driving one
crawler track at a different speed than the other, resulting in a turning of the crawler unit

towards the track that is driven at the slower speed than the other track

PCT/EP2015/053226
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The crawler tracks are usually made of a rigid material to be robust against the ground
structure and comprise multiple chain links being formed into a chain. This has the ad-
vantage that the transport unit is robust and can drive on different undergrounds. Each
crawler preferably comprises one or more main crawler drive means, driven by the crawl-
er drive, and one or more auxiliary crawler drive means, which are preferably not driven
by the crawler drive, supporting the crawler track and the main crawler drive means. The
crawler drive is preferably powered by a hydraulic drive but can also be driven by an
electric drive or a combustion engine, for example. A hydraulic drive has the advantage
that when the hydraulic drive is actuated, the crawler tracks move and when the hydraulic
drive is switched of, the crawler tracks are braked. Thus, the crawler tracks are not able
to move when the hydraulic drive is not actuated. This has the further advantage that no
brakes are required as the speed and stoppage can be easily controlled through the

actuation of the hydraulic crawler drive.

The crawler tracks preferably comprise a set of crawler spike, increasing the friction
between ground and the crawler unit facilitating the crawler to climb steep hills, thus
increasing the safety. The crawler unit is preferably adapted to carry a weight larger than
1.000kg, more preferably a weight larger than 10.000kg, more preferably a weight of
more than 13.000kg.

The transport unit may also be improved in that that the transport unit is a wheel unit and
the two ground transportation structures each comprise at least one wheel, wherein the
transport unit comprises a brake unit for braking the wheels. A wheel can for example be
a solid tire or an air pneumatic tire, preferably arranged at a wheel rim. Preferably, each
ground transportation structure comprises at least two wheels. Each ground transporta-
tion structure can comprise more than two wheels to increase the rolling stability of the
transport unit. Preferably, each ground transportation unit comprises the same number of
wheels. Preferably, a wheel unit does not comprise a drive for driving the wheels. This
embodiment has the advantage that the transport unit is light and can be built in a cost

effective way while being robust and yet easy to service.

The brake unit can be arranged as a braking pad or brake shoe being located on the
outside of the wheels, to brake the wheel, in particular the rubber outside of the wheel,
directly. The brake unit can also be arranged on the axis, to brake the rolling axis of the
wheel. The brake unit is preferably hydraulically powered but can also be electrically or
manually powered. Preferably, the wheel unit comprises at least two brake units, to brake

at least two wheels of the wheel unit. More preferably, the wheel unit comprises a brake

PCT/EP2015/053226
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unit on each wheel of the wheel unit. This has the advantage for the wheel unit to brake
the wheels in a simultaneous way, avoiding a lateral movement of the wheel unit during

the braking process.

The transport unit may also be improved in that the height adjustment devices are hy-
draulic cylinders arranged in — in a basic operation position on a substantially horizontal
ground — a vertical direction. A vertical direction is a direction vertical to the ground and/or
the conveying direction and/or the transport direction. The hydraulic cylinders are prefer-

ably adapted to extend and retreat in a vertical direction.

The transport unit may be further improved in that an extension of the support frame in
the conveying direction is smaller than an extension of one or both of the ground trans-
portation structures in the conveying direction. This is in particular advantageous as the
support frame can have a small outline, resulting in a more compact design, while the
ground transportation structures can maintain a large footprint to provide a robust and

stable ground support.

The transport unit may be further improved by at least one guide assembly for engaging
opposite longitudinal edges of a belt of an enclosed belt conveyor. It is particularly pre-
ferred that the transport unit has two guide assemblies each capable of engaging oppo-
site longitudinal edges of a belt of an enclosed belt conveyor. More preferably, the guide
assembly or the guide assemblies is/are arranged on the lower side of the support frame,
between the ground transportation structures. In a basic operation position on a substan-
tially horizontal ground, a lower side means that side of the support frame, which is closer
to the ground than an opposite upper side. The lower side faces the ground while the
upper side faces away from the ground. Both, the lower side and the upper side are
preferably parallel to the horizontal ground in a basic operation position on a substantially

horizontal ground.

The guide assembly preferably comprises at least one guide roller, guiding the opposite
longitudinal edges of the belt on an enclosed belt conveyor in an engaged position. More
preferably, the guide assembly comprises at least two guide rollers. More preferably, the
guide assembly comprises three guide rollers. Even more preferably, the guide assembly
comprises four, five, six, seven or eight guide rollers. The guide roller can be, for exam-
ple, a side guide roller, engaging one or both longitudinal edges of a belt of an enclosed
belt conveyor from the side. The guide roller can also be a lower guide roller, engaging

one or both longitudinal edges of the belt from below. The guide roller can also be a top

PCT/EP2015/053226
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guide roller, engaging one or both longitudinal edges of the belt from the top. A guide
assembly with two guide rollers preferably comprises a side guide roller and a lower
guide roller for engaging the opposite longitudinal edges of a belt of an enclosed belt
conveyor and can also be called a single guide assembly. A guide assembly with three
guide rollers preferably comprises a side guide roller, a lower guide roller and a top guide
roller for engaging opposite longitudinal edges of a belt of an enclosed belt conveyor and
can be called a half guide assembly. A guide assembly with four guide rollers preferably
comprises two side guide rollers on opposite sides of the longitudinal edges of the belt, a
lower guide roller and a top guide roller for engaging opposite longitudinal edges of a belt
of an enclosed belt conveyor and can also be called a full guide assembly. A guide as-
sembly with six guide rollers preferably comprises a total of four side guide rollers, two on
each side of the longitudinal edges of the belt, a top guide roller and a lower guide roller,

engaging the opposite longitudinal edges of a belt of an enclosed belt conveyor.

The transport unit may be further improved by at least one drive arrangement for driving
the belt of an enclosed belt conveyor. The drive unit is preferably arranged at the support
frame, more preferably on the lower side of the support frame. Preferable embodiments

of the drive arrangement are described below.

The transport unit may also be improved in that the transport unit comprises a hydraulic
valve block. The hydraulic valve block is preferably adapted to drive and/or control one or
more hydraulically operated or powered devices, such as drives and cylinders, arranged
on the transport unit, for example the height adjustment devices, and/or the crawler drive
and/or the brake unit. Further preferably, the hydraulic valve block can also drive and/or
control one or more hydraulically operated or powered devices not arranged on the same
transport unit the hydraulic valve block is arranged at. This can be, for example, the
devices like the brake unit of a wheel unit, connected to a crawler unit. This can also be
device of a support structure, connected to one of the connectors of the transport unit,
such as, for example, a hydraulic cylinder arranged on the support structure. The hydrau-
lic valve block is preferably connected with the hydraulically operated or powered devices
through a hydraulic structure, such as, for example, a hydraulic hose. This embodiment
has the advantage that not every transport unit and especially not the support structures
connected to the transport unit, have to provide an individual valve block. This leads to
lighter transport units, in particular to lighter wheel units. This also leads to reduced costs

due to reduced service requirements of a mobile haulage arrangement.

PCT/EP2015/053226
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The transport unit may also be improved in that the transport unit comprises an energy
supply unit for providing electric energy. The energy supply unit can, for example, be a
battery, a capacitor, an accumulator or a power wire, supplying energy to a device ar-
ranged on the transport unit, as, for example, lighting arrangements and/or control ar-

rangements and/or operation arrangements.

According to a further aspect, a material transfer structure for a mobile haulage arrange-
ment for continuously conveying fragmented material in a conveying direction is provided,
the material transfer structure comprising a base frame with a first and second end; a
plurality of guide assemblies for engaging opposite longitudinal edges of a belt of an
enclosed belt conveyor; rolling means for turning the belt between a conveyor run and a
return run arranged at the second end of the base frame; wherein the plurality of guide
assemblies is arranged on the base frame for opening and/or closing the conveyor run
and/or the return run of the belt between the first end and the second end of the base
frame; and the conveyor run and the return run are positioned substantially at the same

level at the first end of the base frame.

A material transfer structure comprises of a base frame with first and second ends, pref-
erably in opposite directions in a longitudinal extension, a plurality of guide assemblies for
engaging opposite longitudinal edges of a belt of an enclosed belt conveyor and rolling
means for turning the belt between a conveyor run and a return run arranged at the
second end of the base frame. A material transfer structure is preferably used to transfer
material, preferably fragmented material, produced by a mining device, to and/or from of
a belt of an enclosed belt conveyor, i.e. to load and/or discharge material to and/or from

the belt of an enclosed belt conveyor.

The material transfer structure can be located at the mining location at the beginning of
the mobile haulage arrangement and can be used for taking up the fragmented material
from the mining device and loading the material onto an endless enclosed conveyor belt,
for example. The material transfer structure can also be located at the discharge location
at the end of a mobile haulage arrangement, and can be used for discharging the frag-
mented material from the endless enclosed conveyor belt, for example, to the ground or

to a further conveying device.

The base frame preferably is a framework that has — in a basic operation position on a
substantially horizontal ground — a main extension in a longitudinal direction, preferably

substantially parallel to the conveying direction, an extension in substantially horizontal

PCT/EP2015/053226
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width direction, orthogonal to the conveying direction, and a substantially vertical height
extension in a vertical direction from the conveying direction. The base frame is prefera-
bly made of steel or another strong and rigid material, being able to hold together the

material transfer structure.

The rolling means are preferably mounted rotatably on an axis. The axis is preferably
arranged at the base frame or a part of it and preferably arranged in a vertical direction,
substantially parallel to the width extension of the base frame. The rolling means further
preferably turn the belt of an enclosed belt conveyor between a conveyor run and a return
run by 180°. Preferably, the rolling means turn the belt in a way that the inside of the
conveyor run is turned into the outside of the return run and/or the inside of the return run

is turned into the outside of the conveyor run.

The plurality of guide assemblies is arranged on the base frame, preferably on the
framework, for example through holders adapted to adjust the position of each guide
assembly. The guide assemblies are adapted for opening and/or closing the conveyor run
and/or the return run of the belt between the first end and the second end of the base
frame Preferably, the guide assemblies are spaced along the conveying direction and/or
return direction so that the engaged opposite longitudinal edges of the belt of the en-
closed belt conveyor are spread or brought together. In an application at a mining loca-
tion, the return run of the belt is spread by the plurality of guide assemblies from a closed
position to an open position. The return run of the belt is then guided over the rolling
means and turned around so that the outside of the return run is turned into the inside of
the conveyor run of the belt. Then, the opposite longitudinal edges of the belt are brought
together from an open position into a closed position, guided a plurality of guide assem-
blies. In an application at a discharge location, the conveyor run of the belt is spread by
the plurality of guide assemblies from a closed position to an open position. The conveyor
run of the belt is then guided over the rolling means and turned around so that the outside
of the conveyor run is turned into the inside of the return run of the belt. Then, opposite
longitudinal edges of the belt are brought together from an open position into a closed

position, guided by a plurality of guide assemblies.

At the first end of the base frame, the conveyor run and the return run of the belt are
positioned substantially at the same level. This is advantageous, as the substantially
same level of the conveyor run and the return run of the belt increases the flexibility and
interchangeability of the material transfer structure, as it can easily be applied in different

locations and functions, such as location loading station or a discharge station. In particu-
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lar, this embodiment allows connecting the material transfer structure to a further part of
the enclosed belt conveyor of a mobile haulage arrangement with the belt and the con-
veyor run in an interchangeable interface position. Additionally, this embodiment is very
advantageous, as no additional transfer guiding structure is required to adjust the con-
veyor run and the return run of the belt to the substantially same level. Preferably, the
conveyor run and the return run of the belt are positioned on the same level at the first

end of the base frame.

The material transfer structure can be improved in that the rolling means comprise at
least one return disc and/or a roller. The at least one return disc preferably has a sub-
stantially circular circumference and a small width in relation to the diameter. The roller
preferably has a substantially cylindrical shape. The at least one return disc and/or the
roller are preferably arranged on the axis of rotation of the rolling means, with the radius

of the at least one return disc and/or the roller being orthogonal to the axis of rotation.

The material transfer structure can be further improved in that the rolling means comprise
two return discs arranged rotatably independent from each other, wherein each return
disc is arranged to guide one of the opposite longitudinal edges of the belt while turning
the belt between the conveyor run and the return run. Preferably, the two return discs are
arranged on each end of the axis of rotation of the rolling means. More preferably, the
roller is arranged between the two discs, with a diameter smaller than the diameter of the

return discs, supporting the belt between the two return discs.

The material transfer structure can be further improved in that the plurality of guide as-
semblies is arranged to guide the opposite longitudinal edges of the belt run between the
first end of the base frame in a first, inclined section adjacent the first end of the base
frame and a lower side of the second end of the base frame in a second, less or not
inclined section adjacent the second end of the base frame. It is preferred that one of the
conveyor run or the return run is guided by the guide assemblies in a way such that one
of the conveyor run and the return run is arranged below the other one of the conveyor
run and the return run at the second end of the base frame. For example, while the
conveyor run is guided at substantially the same height level as it entered the base frame
on the first end, the return run is guided through the first, inclined section to a lower level
of the base frame, being guided underneath the conveyor run on the second end of the
base frame. It is also possible that the return run is guided at substantially the same
height as it entered the base frame on the first end, while the conveyor run is guided

through the first, inclined section to a lower level of the base frame, being guided under-
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neath the return run on the second end of the base frame. This embodiment has the

advantage of having a compact design.

The material transfer structure can also be improved in that the plurality of guide assem-
blies is arranged such that the opposite longitudinal edges of the belt run between the
first end of the base frame and a lower side of the second end of the base frame are
partly open in the first, inclined section adjacent the first end of the base frame, and are
guided from partly to fully open in the second, less or not inclined section adjacent the
second end of the base frame. This embodiment has the advantage of providing a com-
pact design that allows for opening and/or closing of the conveyor run and/or return run

on a short length.

The material transfer structure can be further improved in that the material transfer struc-
ture has a longitudinal extension in the conveying direction of about 6m. Preferably, the
overall length of the material transfer structure does not exceed 6m in a longitudinal

extension in the conveying direction.

The material transfer structure can also be improved in that the base frame comprises
two parts which are arranged to allow for relative translational movement in conveying
direction between them, wherein the plurality of guide assemblies being arranged for
opening and/or closing the conveyor run and/or the return run of the belt and the rolling
means are arranged at one of the two parts of the base frame. The base frame comprises
two parts, which can be moved relative to each other. The two parts are connected with
each other, together forming the base frame. The two parts are preferably arranged such
that the translational movement in the conveying direction is a sliding movement. Prefer-
ably, one of the two parts engages with the other through a sliding arrangement, for
example through engaging rails and grooves or such. Preferably, the other part of the
base frame is connected with another element of the mobile haulage arrangement, for
example a support structure, through the connector arranged at the first end of the base
frame. Through this embodiment, it is possible, that the guide assemblies for opening
and/or closing the conveyor run and/or the return run can be moved in a translational
movement in conveying direction, independent of the other part of the base frame, which
is connected to the rest of the mobile haulage arrangement. This is in particular advanta-
geous as it is possible to loosen and tighten the belt of the enclosed belt conveyor within
the mobile haulage arrangement. This is further advantageous as the relative position,

angle and/or orientation of plurality of guide assemblies for opening and/or closing the
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conveyor run and/or the return run relative to the rolling means, for example, does not

change in case the belt has to be tightened or loosened.

The material transfer structure can be further improved in that the two parts of the base
frame are connected by a hydraulic cylinder arranged to effect a relative translational
movement in conveying direction between the two parts. Preferably, the hydraulic cylin-
der is mounted to each part of the two parts of the base frame, facilitating a relative
translational movement between the two parts. Preferably, the hydraulic cylinder is pow-
ered by a hydraulic valve block being arranged at a transport unit. Further preferably, the
hydraulic cylinder is arranged in a substantially horizontal direction, parallel to the con-
veying direction, and extrudes and retracts substantially in a direction substantially paral-
lel to the conveying direction. As the cylinder is hydraulically actuated, the cylinder is
moving, when it is actuated by the hydraulic valve block, for example, and is locked when
it is not actuated. This has the advantage that an unwanted movement between the two

parts of the base frame can be avoided.

The material transfer structure can be further improved in that the material transfer struc-
ture is a loading structure. The loading structure preferably comprises a loading arrange-
ment, adapted to guide and focus fragmented material onto the belt of the enclosed belt
conveyor. The loading arrangement is preferably arranged at the second end of the base
frame of the material transfer structure, preferably in a section of the base frame where
the belt of the enclosed belt conveyor is fully open. This has the advantage that the
fragmented material to be conveyed by the enclosed belt conveyor is easily loaded onto

the belt without or reduced spillage.

The material transfer structure can be further improved in that the material transfer struc-
ture is a discharge structure. The discharge structure preferably comprises a discharge
arrangement, adapted to guide and focus fragmented material discharged from the belt of
the enclosed belt conveyor to a discharge location. The discharge arrangement is prefer-
ably arranged at the second end of the base frame of the material transfer structure,
preferably in a section of the base frame where the belt of the enclosed belt conveyor is
fully open. This has the advantage that the fragmented material conveyed by the en-

closed belt conveyor is easily discharge from the belt without spillage or the like.

According to a further aspect, a material transfer unit for a mobile haulage arrangement
for continuously conveying fragmented material in a conveying direction is provided, the

material transfer unit comprising a material transfer structure arranged at a transport unit.
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The material transfer structure is preferably mounted on the transport unit, preferably on
the lower side of the support frame of the transport unit. The transport unit to which the
material transfer structure is mounted is preferably a crawler unit. This has the advantage

that the material transfer unit can be actively moved by the crawler tracks.

According to a further aspect, a mobile haulage arrangement for continuously conveying
fragmented material in a conveying direction is provided, the haulage arrangement com-
prising a loading unit, comprising a material transfer unit for receiving fragmented materi-
al, a discharge unit, comprising a material transfer unit for discharging fragmented mate-
rial, at least one transport unit arranged between the loading unit and the discharge unit;
and a belt of an enclosed belt conveyor. Preferably, the loading unit comprises a loading
structure, connected to a transport unit and the discharge unit comprises a discharge
structure, connected to a transport unit. Further preferably, the loading unit is arranged at
a mining location and the discharge unit is arranged at a discharge location. Further
preferably, at least one transport unit is arranged between the loading unit and the dis-
charge unit. This has the advantage that the mobile haulage arrangement can be moved,
for example, through mining shafts of an underground mining site. For example, the
mobile haulage arrangement can be moved following the propulsion of a mining device,
continuously drilling, producing fragmented material to be conveyed away from the min-
ing location. This embodiment is particularly advantageous as the mobile haulage ar-
rangement is moveable while conveying the fragmented material. Preferably, the frag-
mented material is loaded to the belt of an enclosed belt conveyor through the loading
station. The fragmented material is further conveyed away from the mining location to a
discharge location, preferably via the belt of an enclosed conveyor belt. The belt of an
enclosed conveyor belt is preferably supported by the at least one transport unit between
the loading unit and the discharge unit. At the discharge unit, the fragmented material can
be discharged from the belt of the enclosed conveyor belt to a discharge location. Prefer-
ably, the loading unit, the discharge unit and the transport unit are connected with each
other, for example via a support structure, allowing for a continuous conveying move-

ment.

The mobile haulage arrangement can be further improved in that a first support structure
connecting the loading unit and the at least one transport unit and a second support
structure connecting the discharge unit and the at least one transport unit. Preferably, a
support structure is arranged between the loading unit and the transport unit and another
support structure is arranged between the transport unit and the discharge unit in this

embodiment. The support structures may be connected via connectors on the transport
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unit and/or the loading unit and/or the discharge unit. Preferably, the belt of an enclosed
belt conveyor is supported by the support structure, thus reducing the necessity of further
transport units between the loading unit and the discharge unit, advantageously prolong-

ing the length of the mobile haulage arrangement at reduced costs.

The mobile haulage arrangement can also be improved in that it is further comprising a
plurality of transport units interconnected by a plurality of support structures. By this
embodiment, it is possible to interconnect as many transport units and support structures
as required in the mining shaft of the mine. The length and setup of the mobile haulage
arrangement can easily be adapted to the local needs. For further advantages, it is here-
with referred to the advantages described in the embodiments of the individual parts of

the mobile haulage arrangements.

Preferably, the mobile haulage arrangement further comprises a bridge structure con-
nected to the loading unit for receiving fragmented material, preferably from a cutting or
mining device, and conveying the fragmented material to the loading unit. The bridge
structure can be, for example, a bridge conveyor, preferably without direct ground con-
tact. The bridge structure can also be realized as or employ one or more transport devic-
es, like shuttle cars. Further, the bridge structure may include a crushing device or other
complementary devices. Preferably, a first end of the bridge structure is provided with a
universal joint for a connection with a cutting or mining device, or the like. The universal
joint preferably allows for a rotational movement about a substantially vertical axis and/or
a rotational movement about one or two substantially horizontal axes (in a basic opera-
tion position of the mobile haulage arrangement and the cutting or mining device on a
substantially horizontal ground). Further preferably, a second end of the bridge structure
is adapted to form a connection with the loading unit to provide fragmented material to

the loading unit.

According to a further embodiment, a discharging end of the mobile haulage arrange-
ment, preferably the discharging unit, will discharge fragmented material onto a semi-
permanent conveyor structure, which is preferably approximately 1m above the ground.
The discharging end of the mobile haulage arrangement preferably is adapted to advance
or retracted according to the mining cycle. Therefore, it is preferred that the mobile haul-
age arrangement, in particular its discharge unit, is adapted to straddle or be positioned

alongside the semi-permanent conveyor structure for some length.
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According to a further aspect, a method for continuously conveying fragmented material
in a conveying direction is provided, the method comprising providing a mobile haulage
arrangement; moving the mobile haulage arrangement such that the loading unit is posi-
tioned where fragmented material can be fed to the mobile haulage arrangement and the
discharge unit is positioned where fragmented material can be discharged from the
mobile haulage arrangement; feeding fragmented material to the loading unit; conveying
fragmented material via the belt of the enclosed belt conveyor; discharging fragmented

material from the discharge unit.

As to the advantages, preferred embodiments and details of method for continuously
conveying fragmented material in a conveying direction and its preferred embodiments,
reference is made to the corresponding device aspects and their embodiments described

herein.

The transport unit, material transfer structure and material transfer unit as well as the
mobile haulage arrangement for continuously conveying fragmented material in a convey-
ing direction and the and method for continuously conveying fragmented material in a
conveying direction their preferred embodiments are preferably used with a drive ar-

rangement and/or a support structure as described below.

A drive arrangement for driving a belt of enclosed belt conveyor preferably comprises a
conveyor drive assembly arranged to drive the belt of the conveyor run in the conveying
direction and a return drive assembly arranged to drive the belt of the return run in an

opposite direction.

The drive arrangement comprises at least two drive assemblies that are preferably con-
trolled and actuated as a unit. Each of these drive assemblies is capable of driving the
belt of an enclosed belt conveyor in a pre-defined, respective direction, whereby these

respective directions differ from one another, in particular are opposite to each other.

The conveyor drive assembly is configured to drive the belt of the enclosed belt conveyor
from the loading unit toward the discharge unit. This direction is defined as the conveying
direction. Accordingly, the return drive assembly is configured to provide a movement of
the belt of the enclosed belt conveyor in the direction from the discharge unit toward the
loading unit, i.e. in the opposite direction. This direction can be referred to as the return

direction.

An enclosed belt conveyor comprises an endless conveyor belt for conveying loads,

typically in the form of fragmented material. The enclosed belt conveyor comprises an

PCT/EP2015/053226



10

20

25

30

35

WO 2016/131468

CA 02971627 2017-06-20

-17 -

endless conveyor belt with two opposite longitudinal edges that are arranged along the
whole length of the belt. Preferably, the term opposite is to be understood such that the
two longitudinal edges are arranged on opposite sides of the belt relative to the conveying
or return direction. When the belt is in a loading or discharge position, the edges prefera-
bly are spaced apart from each other to allow loads to be put onto the belt or to be dis-
charged from the belt. When the belt is in a closed or conveying position, the two longitu-
dinal edges of the belt are arranged in close proximity to one another. In doing so, the
belt is bended into the form of a closed loop, thereby forming a pouch for enclosing the
load. It is preferred that the two opposite longitudinal edges are brought into contact with
each other, such that they are arranged above each other in relation to a direction sub-
stantially orthogonal to the conveying direction of the belt and running from a bottom part
of the enclosed belt conveyor to a top part of the enclosed belt conveyor. Alternatively,

they may be arranged adjacent to each other in said direction.

The belt of the conveyor run is that part of the conveyor belt that is currently driven in the
conveying direction. Accordingly, the belt of the return run is that part of the same con-
veyor belt that is currently driven in the return direction. The change in direction of the belt
may be achieved by respective rolling means arranged at a material transfer structure at

the two ends of the mobile haulage arrangement.

Preferably, the drive arrangement is further configured to change the driving direction of
the belt of the enclosed belt conveyor, such that the belt of the conveyor run is driven in
the opposite direction (the return direction) and the belt of the return run is driven in the
conveying direction. This configuration may preferably be used in cases where the belt is
overloaded with fragmented material, for example to remove all or parts of the fragment-

ed material already loaded on the enclosed belt conveyor.

An advantage of a drive arrangement as described herein is that it is configured to drive
the belt in both, the conveying and the return direction. This kind of arrangement allows
for a constant driving movement of the closed conveyor belt in the conveying direction as
well as in the return direction of said conveyor belt by a shared drive arrangement. The
drive arrangement preferably is one group or unit, structurally and/or functionally coupled.
Thus, it increases the stability of the return movement compared to arrangements where
the belt is only driven in the conveying direction and is allowed to run freely in the return
direction, in particular since the return movement is less affected by adverse effects such
as an increased friction or full immobility of certain rollers. As a result, the drive arrange-
ment further provides for a very reliable driving movement, even in cases where the

length of the enclosed belt conveyor is increased.
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Further, by providing a drive arrangement driving both, the conveyor and the return run, a
flexible module is provided, which can be used, for example, in certain intervals along the
conveyor belt. Thereby, for example, it is possible to provide conveyor belts of different
lengths in an easy manner, since simply the corresponding number of drive arrangements
needs to be employed in the respective intervals. Thus, the drive arrangement according

to the present invention provides for a system that is both, flexible and reliable.

In a preferred embodiment of the drive arrangement, the conveyor drive assembly com-
prises a conveyor run drive roller in friction connection with at least one of two opposite
longitudinal edges of the belt of the conveyor run driven by a conveyor drive unit, and the
return drive assembly comprises a return run drive roller in friction connection with at
least one of the two opposite longitudinal edges of the belt of the return run driven by a
return drive unit. The conveyor run drive roller is configured to transfer a driving force
from the conveyor drive unit to the belt of the conveyor run in order to move the belt of the
conveyor run in the conveying direction and the return run drive roller is configured to
transfer a driving force from the return drive unit to the belt of the return run in order to

move the belt of the return run in the return direction.

Preferably, the conveyor run drive roller is actuated to perform a rotational movement by
the conveyor drive unit, such as to move the belt of the conveyor run along the conveying
direction by means of said friction connection. Preferably, the conveyor run drive roller
cooperates with a further roller — that may either be driven or idle — arranged on the
opposite side of the belt of the conveyor run, which facilitates the transfer of the driving
force from the drive roller via friction to the belt. Accordingly, a return run drive roller is
configured to perform the above described functionalities on the belt of the return run.
The return drive roller equally cooperates with at further, driven or idle, roller that is ar-
ranged on the opposite side of the belt of the return run and facilitates the transfer of the
driving force via friction to the belt. This embodiment allows for a cost-effective and relia-
ble configuration of a drive arrangement that is capable of driving a belt of an enclosed

belt conveyor in both, the conveyor as well as the return direction.

In a further preferred embodiment of the drive arrangement, the conveyor drive assembly
comprises two conveyor run drive rollers in friction connection with the two opposite
longitudinal edges of the belt of the conveyor run driven by a common conveyor drive unit
or by two separate conveyor drive units, and the return drive assembly comprises two
return run drive rollers in friction connection with the two opposite longitudinal edges of
the belt of the return run driven by a common return drive unit or by two separate return

drive units.
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Preferably, the belt of the conveyor run is driven by two conveyor run drive rollers,
whereby these two conveyor run drive rollers are in friction connection with at least one or
both of the two opposite longitudinal edges of the belt of the conveyor run. In particular, it
is preferred that a first one of the two conveyor run drive rollers is in friction connection
with a first one of the two opposite longitudinal edges and a second one of the two con-
veyor run drive rollers is in friction connection with a second one of the two opposite
longitudinal edges. These conveyor run drive rollers may preferably be driven by a com-
mon conveyor drive unit comprised by the conveyor run drive assembly. Alternatively, the
two conveyor run drive rollers may be driven by two separate conveyor drive units of one

conveyor run drive assembly.

Similarly, the belt of the return run is preferably driven by two return run drive rollers,
being in friction connection with the two opposite longitudinal edges of the belt of the
return run. The return run drive rollers may also preferably be driven by a common return

drive unit or by two separate return drive units comprised by the return drive assembly.

This particular embodiment has the advantage that the two opposite longitudinal edges of
the belt of the conveyor run and the return run, respectively, are evenly driven along the
conveying respective return direction. This arrangement is therefore capable of prevent-
ing disturbances in the conveying and/or return movement, in particular in cases where
one of the two opposite longitudinal edges of the belt of the conveying and/or return run
moves differently that the second one of the two opposite longitudinal edges, for example
due to a change of the friction properties of one of the two edges or external influences
preventing an even movement. In particular, by providing two drive rollers each for the
conveying and the return run, higher driving forces can be applied and/or the reliability of

the drive arrangement is increased due to the redundancy.

In a further preferred embodiment, the drive arrangement comprises at least one guide
assembly arranged upstream or downstream of the conveyor or return drive assembly to
guide at least one of the two opposite longitudinal edges of the belt of the conveyor run or
the return run. The terms upstream or downstream may refer to either the conveying or
the return direction. Preferably, the terms upstream and downstream refer to the convey-

ing direction.

In this context, a guide assembly is preferably an assembly of guide rollers, for example,
configured to guide the movement of the belt of the conveyor run in the conveying direc-
tion and/or the belt of the return run in the return direction by means of guiding at least
one of the two opposite longitudinal edges of said belt. Preferably, these guide assem-

blies are arranged in front of (downstream) and/or behind (upstream) the conveyor drive
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assembly or the return drive assembly along the conveying or return direction, respective-

ly.

Preferably, one guide assembly is configured such as to guide one of the two opposite
longitudinal edges of the belt of the conveyor run and the return run. Alternatively, it may
be configured such as to guide both of the two opposite longitudinal edges of the belt of
the conveyor run and the return run. Similarly, the guide assembly is preferably provided
such as to simultaneously guide at least one of the two opposite longitudinal edges of
both, the belt of the conveyor run and the belt of the return run. Alternatively, it may be
provided to simultaneously guide both of the two opposite longitudinal edges of both
belts. Further to that, two separate guide assemblies are preferably provided to guide one
or both of the two opposite longitudinal edges of the belt of the conveyor run and the belt

of the return run, respectively.

This particular embodiment has the further advantage of an even higher reliability, as the
guide assembly provides additional guiding support to at least one of the two opposite
longitudinal edges of the belt of the conveyor run and/or return run. This has the ad-
vantage that the driving force can be transferred from the drive assemblies to the con-
veyor and return run of the belt more reliably. Further to that, since they may be arranged
upstream or downstream or both, upstream and downstream, they further enhance flexi-
bility of the arrangement, as they allow for a choice at which locations along the belt it
would be necessary to arrange one or more guide assemblies in addition or instead of the

drive arrangements.

According to an improvement of the previous preferred embodiment, the at least one

guide assembly comprises a top guide roller and a lower guide roller.

In accordance with this improvement, the top guide roller of the guide assembly is ar-
ranged on top of at least one of the two opposite longitudinal edges, i.e. above the en-
closed conveyor belt in a direction substantially orthogonal to the conveying and/or return
direction and running from the lower part of the enclosed belt conveyor to the upper part
of the enclosed belt conveyor. Accordingly, the lower guide roller is arranged below at
least one of the two opposite longitudinal edges in a direction substantially orthogonal to
the conveying and/or return direction. The top guide roller and the lower guide roller are
thus brought into friction contact with the enclosed belt conveyor, preferably at least one

of the two opposite longitudinal edges, respectively.

In that context, the direction running from the lower part of the enclosed belt conveyor to

the upper part of the enclosed belt conveyor may be defined by regarding the enclosed
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belt conveyor as a part of the mobile haulage system. Said mobile haulage system has a
basic operation position in which it is located on a substantially horizontal ground. In a
basic operational mode, the direction running from a lower part to an upper part is defined
by an axis that is substantially orthogonal to the substantially horizontal ground. Accord-
ingly, this axis (and the respective direction) is substantially orthogonal to the conveying
direction. The lower part of the enclosed belt conveyor is that part that is located closer to
the substantially horizontal ground and the upper part is that part located further away
from the substantially horizontal ground along this direction. Similarly, a first element
arranged below second element is closer to the substantially horizontal ground than said
second element along this direction and a first element arranged above a second element

is further away from the substantially horizontal ground than said second element.

Preferably, the center axis of the top guide roller is parallel to the direction running from
the lower part of the enclosed belt conveyor to its upper part and, thus, orthogonal to the
axis defining the conveying and/or the return direction. The center axis of the lower guide
roller is preferably provided under an angle of approximately 45° in relation to said direc-

tion.

In a further improvement of the previous embodiment, the at least one guide assembly

comprises first and second, opposite side guide rollers.

Preferably, these first and second opposite side guide rollers are arranged opposite of
each other on both sides of the belt of the conveyor run and/or the belt of the return run.
They are in contact with one or both of the two opposite longitudinal edges of the belt of
the conveyor run and/or the return run. The center axis of these first and second opposite
side guide rollers is preferably parallel to the direction running from the lower part of the
enclosed belt conveyor to its upper part and orthogonal to the axis defining the conveying

and/or the return direction.

These improvements have the further advantage that the two opposite longitudinal edges
of the belt of the conveyor run and the return run, respectively, are strictly guided in their
movement, thereby further preventing any unwanted or unfavorable movement in any
other direction than the conveying and/or the return direction. By means of this further
guiding support, the enclosed belt conveyor is therefore even more secured in its driving
direction, further enhancing reliability of the arrangement and effectiveness of the drive

assemblies.

According to a preferred embodiment, the drive arrangement comprises four guide as-

semblies, wherein a first guide assembly is arranged upstream of the conveyor drive
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assembly in the conveying direction fo guide at least one of the two opposite longitudinal
edges of the belt of the conveyor run, a second guide assembly is arranged downstream
of the conveyor drive assembly in the conveying direction to guide at least one of the two
opposite longitudinal edges of the belt of the conveyor run, a third guide assembly is
arranged upstream of the return drive assembly in the opposite direction to guide at least
one of the two opposite longitudinal edges of the belt of the return run, and a fourth guide
assembly is arranged downstream of the return drive assembly in the opposite direction

to guide at least one of the two opposite longitudinal edges of the belt of the return run.

In accordance with this embodiment, a guide assembly is arranged in front of and behind
the conveyor drive assembly of the drive arrangement and in front of and behind the
return drive assembly of the drive arrangement, respectively. Thus, the belt of the con-
veyor run is guided to one conveyor run drive assembly and away from it by two guide
assemblies arranged along the conveyor run. Similarly, the belt of the return run is guided
to one return run drive assembly and away from it by to guide assemblies arranged along
the return run. This arrangement hast the further advantage of increasing the reliability
and effectiveness of the transfer of the driving force of the conveyor run drive assembly
and the return run drive assembly to the belt of the conveyor run and the return run,

respectively.

In a further preferred embodiment of the drive arrangement, a driving engagement of the
conveyor drive assembly with the belt of the conveyor run and/or the return drive assem-

bly with the belt of the return run is releasable in a relocation mode.

On some occasions, it may be necessary to relocate the enclosed belt conveyor, in
particular a mobile haulage arrangement comprising an enclosed belt conveyor to anoth-
er location or site. In such an instance, a relocation mode is used, i.e. the whole en-
closed belt conveyor or mobile haulage arrangement is moved (relocated) without a

conveying movement or action of the enclosed belt conveyor.

In these cases, it is preferred that the belt of the conveyor run and/or the belt of the drive
run are not driven by the drive arrangements. In order to prevent friction by the drive
rollers of each drive arrangement that is not driven, it is preferred that a driving engage-
ment, i.e. a friction contact of the conveyor run drive roller(s) of the conveyor drive as-
sembly and/or the return run drive roller(s) of the return drive assembly with two opposite
longitudinal edges of the belt of the conveyor run and/or return run, respectively, is re-
leasable. This is achieved, for example, by moving the conveyor and/or return drive
rollers of the drive arrangement to a certain distance from the two opposite longitudinal

edges of the belt, i.e. a gap is provided between the drive rollers and the belt. In this
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manner, the belt is allowed to move freely if the mobile haulage arrangement is moved
through a curved path or over height differences during relocation. Thus, if the mobile
haulage arrangement is, for example, moved through a curvature, the belt may automati-
cally adjust to the bend without influencing (moving) the drive rollers and also without
being inhibited by the drive rollers. Thus, the drive roller will not be actuated by a belt
movement necessitated by the driving of a curvature by the mobile haulage arrangement
during relocation and also a free movement of the belt will not be hindered by the drive
rollers, when the driving engagement is released. In this manner, it is possible to reduce

wear on the drive assemblies and the belt.

The gap between the drive rollers and the belt may be effected by a cylinder system
which is configured to move the conveyor and/or return drive rollers away from the two
opposite edges when relocation mode is required and back to these two opposite edges
once the relocation mode has be executed and the enclosed conveyor belt may restart
the conveying process. Preferably, one drive arrangement of a mobile haulage system
comprising a plurality of drive arrangements, in particular, only one of the two drive as-
semblies, remains in friction contact with the belt in the relocation mode. Thereby, an
uncontrolled movement of the belt may be prevented. According to a preferred embodi-
ment of the drive arrangement, the conveyor drive unit and/or the return drive unit is a

hydraulic motor.

It is further preferred that the conveyor drive unit(s) of and/or the return drive unit(s) the
drive arrangement(s) are provided as hydraulic motors. The hydraulic motors preferably
are configured not to allow for a movement of the conveyor drive rollers and/or return
drive rollers (and, thus, the belt) when they are not driven or activated. This configuration
has the advantage that without an active driven action, the whole arrangement will remain
in is original position without the necessity of further braking means. This has the further
advantage of preventing damages by unwanted movements in case of an unexpected

loss in power.

It is also possible to employ non-hydraulic motors, such as an electric motor, as the
conveyor and/or the return drive unit(s). However, in such a case, it is preferred that an
immediate braking process is ensured in cases where the power of the system is
switched off to prevent unwanted or uncontrolled movement of the enclosed conveyor
belt.

The previous embodiment of the drive arrangement may be improved such that the
conveyor and/or the return drive unit is adapted to drive the belt with a predetermined

torque. In accordance with this improvement, the velocity of the enclosed belt conveyor
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results from the application of a predetermined torque to the belt via the friction contact
between the conveyor drive rollers and/or return drive rollers and at least one of the
opposite longitudinal edges of the belt. In contrast to velocity or speed controlled drive
units, torque controlled drive units allow for different velocities of the belt, while a constant
torque is applied, which may be the case when the belt is guided around a curve, for

example.

To determine or estimate the predetermined torque applied by the conveyor and/or return
drive units, preferably, a desired velocity can be determined and a torque of the conveyor
and/or return drive units typically required to achieve this desired velocity can be deter-
mined. Preferably, also the typical load of the conveyor and a typical length of the con-
veyor to be driven (depending on the distance between drive arrangements) is taken into
account. The corresponding torque typically needed for the desired velocity may then be
set as the predetermined torque for the conveyor and/or return drive units. This prede-
termined torque is then provided to the conveyor and/or return drive units or hydraulic
motors. The hydraulic motors preferably employ this predetermined torque to drive the

enclosed belt conveyor.

The utilization of torque controlled drive units is particularly beneficial for a drive ar-
rangement driving both, the belt of the conveyor run and the belt of the return run. Specif-
ically, utilizing the torque as control parameter allows for driving the belt of the conveyor
run and the belt of the return run at different velocities when the enclosed belt conveyor
has to be driven around a corner. This arrangement makes use of the effect that in such a
case the velocity is dependent on the radius and the angular velocity, i.e. that ri/r> = v4/v,.
In other words: For a smaller radius, i.e. the inside bending radius of the corner, a lower
velocity is achieved, whereas for a larger radius. l.e. the outside bending radius of the
corner, a higher velocity is achieved, both by application of the same torque value. Thus,
in this drive arrangement the velocity of the enclosed belt conveyor will automatically
adjusted by the bending radius of the outside and inside bend of the enclosed belt con-

veyor.

In a further preferred embodiment, the drive arrangement comprises at least one control
unit, which is adapted to control the torque applied by the conveyor drive unit and/or the
return drive unit. This control unit may preferably be used to control only the torque. This
control unit may also provide a list of predetermined torque values corresponding to
respective predetermined velocities of the enclosed belt conveyor. Preferably, the control

unit is employed to control the torque directly at the drive arrangement.
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A further aspect relates to a mobile haulage arrangement incorporating a drive arrange-
ment as previously described. In particular, the further aspect relates to a mobile haulage
arrangement for continuously conveying fragmented material in a conveying direction, the
mobile haulage arrangement comprising a loading unit for receiving fragmented material,
a discharge unit for discharging fragmented material, at least one transport unit arranged
between the loading unit and the discharge unit, a belt of on an enclosed belt conveyor,
at least one main drive arrangement and at least one auxiliary drive arrangement for
driving the belt, wherein the at least one auxiliary drive arrangement is a drive arrange-

ment according to one or more aspects of the drive arrangement as described herein.

A mobile haulage arrangement is a setup to facilitate transportation of material, which
results from a mining device, such as a drill or a cutting device, at a mining location. The
material is in a fragmented form, for example rocks, ore, sand, or pebbles being released
by the mining device. To support the propulsion of the mining device and to clear the
mining location, the released fragmented material is transported from the mining location
away to a discharge location, which is located in a certain distance from the mining loca-
tion. The material is continuously conveyed by the mobile haulage arrangement in a

conveying direction.

The conveying direction can be described as leading away from the mining location
towards a discharge location. The conveying direction does not necessarily mean that it
is in form of a straight line but can be curved in any direction and vary in routes and over
varying distances. Continuous conveying preferably is to be understood, that the mobile
haulage arrangement is adapted to convey fragmented material without any significant
pauses or interruption, in particular not in a batch process. This is usually performed with
an endless belt conveyor, preferably with an enclosed belt conveyor, moving continuously
from the mining location to the discharge location, adapted to transport the fragmented

material.

Such a mobile haulage arrangement has the advantage of an increased mobility and
variability, as it is possible to adjust the length of the mobile haulage arrangement to the
environmental requirements of each mining site by introducing a variable number of
transport units and respective drive arrangements between the loading unit and the

discharge unit.

Preferably, the enclosed belt conveyor is mounted on the mobile haulage arrangement
and driven in both, the conveying as well as the opposite direction, by one or more auxil-

iary drive arrangements. Preferably, these auxiliary drive arrangements are uniformly
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coupled to a main drive arrangement via respective signal connections and may thus be
uniformly controlled by the main drive arrangement. For example, the predetermined
torque may be set only in the main drive arrangement and all auxiliary drive arrange-
ments are set to apply the same torque as the main drive arrangement. This arrangement
has the advantage of a uniform actuation of all auxiliary drive arrangements and the main
drive arrangement by said main drive arrangement and, thus, of a continuous and con-

sistent driving movement of the enclosed belt conveyor along its entire length.

In a preferred embodiment the mobile haulage arrangement is implemented such that the
at least one main drive arrangement for driving the belt is a drive arrangement as de-

scribed herein.

In a further preferred embodiment of the mobile haulage arrangement, a number of wheel
units and a number of crawler units are arranged between the loading unit and the dis-
charge unit, a first main drive arrangement is arranged on the loading unit and a second
main drive arrangement is arranged on the discharge unit and the at least one auxiliary

drive arrangement is arranged on one of the crawler units.

A wheel unit preferably is a transport unit comprising at least two wheels and a brake unit
for braking the wheels. A crawler unit preferably is a transport unit comprising respective
crawler tracks and at least one crawler drive for driving at least one, preferably both,

crawler tracks, such as to drive the crawler in the conveying direction.

Preferably, these wheel and crawler units are arranged between the loading unit and the
discharge unit along the length of the enclosed conveyor belt in the conveying direction.
In such a case, it is preferred that a drive arrangement as described herein is arranged on
the loading unit such as to act as a first main drive arrangement. Similarly, a drive ar-
rangement is arranged on the discharge unit such as to act as a second main drive
arrangement. These first and second main drive arrangements are used to control at
least one auxiliary drive arrangement that is arranged between the two main drive ar-

rangements on at least one of a wheel or a crawler unit.

Arranging a first main drive arrangement on the loading unit and a second main drive
arrangement on the discharge unit allows for centralizing the control functions of the
mobile haulage system. In particular, this arrangement makes it possible to provide a
respective control unit and control panel at the loading unit and the discharge unit, re-
spectively, which may also be used to insert the parameters for the first and second main
drive arrangements, such as the predetermined torque. Providing such a control unit and

control panel on both, the loading and the discharge unit is particularly advantageous,
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since the mobile haulage arrangement is capable to drive both directions and, thus, may
be controlled from both, the loading and the discharge end of the mobile haulage ar-
rangement. In addition to this advantage, this embodiment allows for an overall high
flexibility of the mobile haulage system. In particular, the embodiment enables providing
respective “modules” for the mobile haulage arrangement, consisting of a wheel or a
crawler unit provided with an auxiliary drive arrangement that can readily be provided in
between the loading and the discharge unit in order to enhance the length of the mobile

haulage system.

A further aspect relates to a method for driving a mobile haulage arrangement for contin-
uously conveying fragmented material in a conveying direction using a drive arrangement
as described herein, the method comprising: providing a mobile haulage arrangement as
described herein and, during a conveying operation of the mobile haulage arrangement,
driving the belt of the conveyor run in the conveying direction and/or the belt of the return
run in an opposite direction; wherein the conveyor drive units and/or return drive units of
the at least one main drive arrangement are operated with a torque depending on a
desired velocity of the conveyor belt and the conveyor drive units and/or return drive units

of the at least one auxiliary drive arrangement are operated with a preset torque.

As described herein, it can be preferred that the torque is determined or estimated based
on a desired velocity. Such a torque preferably then is used as the predetermined torque
of the main drive arrangement(s) and can be, for example, set (by an operator, for exam-
ple) in the main drive arrangement(s). Preferably, the auxiliary drive arrangements then
are operated with a preset torque, which further preferably is the same as the torque of

the main drive arrangement(s).

In a preferred embodiment of the method, during relocation of the mobile haulage ar-
rangement, a driving engagement of the at least one auxiliary drive arrangement with the

belt of the conveyor run and/or the belt of the return run is released.

As to the advantages, preferred embodiments and details of method for driving a mobile
haulage arrangement and its preferred embodiments, reference is made to the corre-
sponding aspects and embodiments of the drive arrangement and mobile haulage ar-

rangement described herein.

A support structure for supporting an enclosed belt conveyor between two transport units
preferably comprises: a first end element with a main extension in a longitudinal direction,
a width extension in a width direction orthogonal to the longitudinal direction and a height

extension in a height direction orthogonal to the longitudinal and the width direction, at
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least one guide assembly for engaging opposite longitudinal edges of a belt of an en-
closed belt conveyor, a first telescopic element connected to the first end element, where-
in an outer end of the first end element has a first end connector adapted to form a con-
nection with a first transport unit, the connection allowing for rotation about an axis paral-
lel to the width direction and about an axis parallel to the longitudinal direction, the first
end element has an inner connector adapted to form a connection allowing for rotation
about an axis parallel to the height direction, and the first telescopic element is arranged
to form a connection with a second end element, a link element or a transport unit con-

nected to the inner connector of the first end element.

Preferably, a support structure is a structure provided as a bridge between two transport
units, for example, of a mobile haulage arrangement as described below. A transport unit
in this case is arranged to form a ground support unit, i.e. a unit that may support the
whole arrangement on the ground. Preferably, the support structure extends between a
first end and a second end, whereby the first end and the second end are preferably

connected to one of the two transport structures, respectively.

The support structure comprises a first end element. This first end element has a main
extension in a longitudinal direction, a width extension in a width direction orthogonal to
the longitudinal direction and a height extension in a height direction orthogonal to both,
the longitudinal and the width direction. In a basic operation position of a mobile haulage
arrangement comprising at least one support structure, the mobile haulage arrangement
is used on a substantially horizontal ground. In this case, the longitudinal direction prefer-
ably is a direction along an axis that is substantially parallel to said substantially horizon-
tal ground. Likewise, the width direction is preferably a direction along an axis that is
substantially parallel to said substantially horizontal ground and extends orthogonal to the
axis in the longitudinal direction. The height direction is the direction along an axis that is
extending substantially orthogonal to the substantially horizontal ground and, accordingly,
orthogonal to the longitudinal and the width direction, respectively. In the following, a
reference to the longitudinal, width and height direction, respectively, refers to the respec-
tive axes indicating these directions, which are considered to be defined for a basic
operation position of a mobile haulage arrangement provided on a substantially horizontal

ground.

At least one guide assembly is provided that engages two opposite longitudinal edges of
a belt of an enclosed belt conveyor. Preferably, the belt of an enclosed belt conveyor is
arranged on the at least one guide assembly. A guide assembly consists of a plurality of

guide rollers that are brought into friction contact with the enclosed belt conveyor. An
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enclosed belt conveyor comprises an endless conveyor belt for conveying loads, typically
in the form of fragmented material, comprising two opposite longitudinal edges that are
arranged along the whole length of the belt. Preferably, the term opposite is to be under-
stood such that the two longitudinal edges are arranged on opposite sides of the belt
relative to the conveying or return direction. When the belt is in a loading or discharge
position, the edges preferably are spaced apart from each other to allow loads to be put
onto the belt or to be discharged from the belt. When the belt is in a closed or conveying
position, the two longitudinal edges of the belt are arranged in close proximity to one
another. This spacing and enclosing is achieved by means of the respective guide as-

semblies guiding the belt of the enclosed belt conveyor in the respective positions.

A telescopic element is an element that is connected to the first end element. The tele-
scopic element is arranged in a plane that is parallel to the plane that is formed by the
longitudinal direction and the width direction. The telescopic element is further configured

to be extendable and/or retractable in said plane.

In order to achieve a connection of the first end element with a first one of the two
transport units, a first end connector is provided at an outer end of the first end element.
This connector is configured such as to allow a rotation about a rotation axis that is paral-
lel to the width direction. Further, the connector is also configured to allow a rotation
about a rotation axis parallel to the longitudinal direction. As such, the connector prefera-
bly allows for two degrees of freedom in the rotation movement of the connection be-
tween the first transport unit and the support structure. Preferably, the telescopic element

is arranged at or near the first end connector.

Additionally, the first end element comprises an inner connector that is configured to allow
a rotation about a rotation axis that is parallel to the height direction. The first telescopic
element is further configured to be connected to a further element, such as a second end
element, a link element, or a transport unit. Thus, an element that is connected to the first
end element via the inner connector will preferably also be in connective contact with the
telescopic element. Preferably, the telescopic element is arranged closer to the first end

connector than to the inner connector.

An advantage of the support structure as described herein is its capability to provide for a
rotational movement of the elements connected to it about three rotation axes. In particu-
lar, the support structure enables to compensate for irregularities and height differences
of the ground by rotating the connectors accordingly. Further, the support structure pro-
vides for a non-complex pivoting mechanism by using respective connectors. This provi-

sion of connectors also provides for flexibility and modularity of the arrangement.
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In a preferred embodiment of the support structure, the first telescopic element is ar-
ranged to control a rotational movement about the inner connector of the first end ele-

ment.

Preferably, the first telescopic element is configured to actuate a controlled rotational
movement about the inner connector of the first end element. Accordingly, the first tele-
scopic element may preferably also prevent a rotational movement if it is not desired.
Finally, it is also preferable that the first telescopic element is configured to allow for a

free, uncontrolled rotational movement about the inner connector if desired.

This embodiment has the advantage that it is possible to avoid undesired rotational
movement about a certain rotation axis at the first end element. This embodiment allows
for precisely controlling the rotational movement, in particular the extent to which a rota-
tion is allowed or prevented. As a result, this embodiment further enhances stability and

efficiency of the whole arrangement.

In a further preferred embodiment, the support structure comprises a second end element
with a main extension in a longitudinal direction, a width extension in a width direction
orthogonal to the longitudinal direction and a height extension in a height direction or-
thogonal to the longitudinal and the width direction, wherein an outer end of the second
end element has a second end connector adapted to form a connection with a second
transport unit, the connection allowing for rotation about an axis parallel to the width
direction, and the second end element has an inner connector adapted to form a connec-

tion allowing for rotation about an axis parallel to the height direction.

Preferably, the support structure also comprises a second end element comprising exten-
sions along respective extension directions similar to the first end element. The second
end element is configured to be connected to the second one of the two transport units. In
order to achieve this connection, the second end element is provided with a respective
second end connector. Contrary to the first end connector, the second end connector only
allows a rotation about an axis parallel to the width direction, i.e. provides one degree of
freedom. Preferably, a rotation about an axis parallel the longitudinal direction is not
provided for. Further, similar to the first end element, the second end element is provided
with an inner connector that allows for a rotation about an axis parallel to the height

direction.

Thus, the second end element is preferably implemented in a manner similar to that of
the first end element, whereby the second end connector and the inner connector of the

second end element preferably only allow for a rotation movement about two axes. In-
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deed, a rotation about a third axis is not necessary, as this rotation is already achieved by
the connector of the first end element of the support structure. This reduces the complexi-
ty of the arrangement, in particular in relation to the connectors, and further enhances the

overall stability of the arrangement.

In a preferred embodiment, the support structure further comprises a link element with a
main extension in a longitudinal direction, a width extension in a width direction orthogo-
nal to the longitudinal direction and a height extension in a height direction orthogonal to
the longitudinal and the width direction; the link element having two opposite inner con-
nectors, each inner connector being adapted to form a connection allowing for rotation

about an axis parallel to the height direction.

A link element is a further element that may be inserted between the first end element
and the second end element or between the first end element and a second transport
unit. Preferably, the connection of the link element with the first end element is achieved
by a first one of the two opposite inner connectors. Likewise, the connection of the link
element with the second element or the second transport unit is preferably achieved by a

second one of the two opposite inner connectors.

In order to maintain functionality of the inner connectors of the first and second end
element, each inner connector, comprising the two opposite connectors, is preferably
configured to provide a connection that allows for a rotational movement about an axis
that is parallel to the height direction. Thus, the connection between the first end element,
the link element and the second end element or the second transport unit is such that the
first end element may, for example, be arranged in under a horizontal angle relative to the
link element and the second end element or the second transport unit, such as to follow a
bend along the conveying direction, whereas the link element and the second end ele-
ment or the second transport unit may be provided along a straight line. Further, the link
element may also be positioned under a horizontal angle relative to the first end element
and/or the second end element or the second transport unit, respectively, due to such a
bend. Since the link element is preferably rigid, the stability of the arrangement is not

affected.

This embodiment has the advantage that even small curvatures/bends along the convey-
ing direction may be provided for. Thus, the embodiment further enhances flexibility and

efficiency of the arrangement, while at the same time maintaining the necessary stability.

The previous embodiment may be improved in that the support structure further compris-

es a second telescopic element connected to the second end element, wherein the
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second telescopic element is arranged to form a connection with the link element con-

nected to the inner connector of the second end element.

Preferably, the second end element is also connected to a second telescopic element.
This second telescopic element is also arranged and extendable and/or retractable in the
plane that is parallel to the plane that is formed by the longitudinal direction and the width
direction. By means of this second connective contact between the second end element
and the element that is also connected to its inner connector, the stability of the arrange-

ment is even further increased.

The previous improvement may be even further improved in that the second telescopic
element is arranged to control a rotational movement about the inner connector of the

second end element.

Preferably, the second telescopic element is also configured to actuate a controlled
rotational movement about the inner connector of the first end element, i.e. a pivoting
about an axis parallel to the height direction. The second telescopic element may also
preferably prevent said rotational movement or allow for a free, uncontrolled rotational

movement about the inner connector.

This embodiment has the advantage that it is possible to avoid undesired rotational
movement about the rotation axis at the second end element. By means of this precise
control of the rotational movement, the stability and efficiency of the arrangement may be

enhanced.

In a further preferred embodiment, the support structure is characterized in that the first
end connector is fixed against rotation about an axis parallel to the height direction,
and/or the second end connector is fixed against rotation about an axis parallel to the
height direction and/or an axis parallel to the longitudinal direction, and/or the inner con-
nectors are fixed against rotation about an axis parallel to the width direction and/or an

axis parallel to the longitudinal direction.

Preferably, the first end connector may also be fixed against horizontal pivoting, i.e.
against a rotation about an axis parallel to the height direction. In this case, a horizontal
movement may only be achieved by means of the inner connectors and/or the second
end connector. Accordingly, it is also possible to fix the second end connector, alterna-

tively or additionally, against a rotation about an axis parallel to the height direction.
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If both, the first and second end connectors are fixed against rotation about this direction,
the horizontal movement — the movement about the axis parallel to the height direction —
is effected only by the inner connectors either connecting the first and second end ele-
ment or connecting a link element to the first and second end element, respectively.
Further, the inner connectors may be selectively fixed against rotation about an axis that
is parallel to the axes indicating the width direction and/or the longitudinal direction re-
spectively. In such a case, the inner connectors may be used to provide horizontal
movement only. Alternatively or additionally, they may be used to provide a rotation either
about an axis parallel to the width direction (vertical up- and down movement) or about an

axis parallel to the longitudinal direction (vertical twisting movement).

This embodiment has the further advantage that the rotational properties of each con-
nector may be selected in accordance with environmental parameters. Thus, it may be
possible, for example, to prevent vertical twisting movement of the link elements in cases
where an elevation of a certain slope on an otherwise even ground has to be covered.
Likewise, it may be possible to allow for vertical twisting movement and prevent vertical
up- and down movement of the link element when the ground does not have a slope, but
is covered with irregularities. This embodiment thus provides for further flexibility, reliabil-
ity and adjustment possibility to environmental influences, while at the same time provid-

ing necessary stability.

According to a preferred embodiment, the support structure is characterized in that the
inner connectors of the first and second end elements are connected to each other, or the
inner connector of the first end element is connected to one of the inner connectors of the
link element and the inner connector of the second end element is connected to the other

one of the inner connectors of the link element.

Preferably, the inner connectors may be used to connect either the first and second end
element with each other or to connect the first and second end element to both sides of a
link element. This further enhances the flexibility of the arrangement, in particular since

both, size and stability may be hand-tailored to each situation.

In a further preferred embodiment, the support structure is characterized in that the first
telescopic element is adapted to bridge at least one connection formed between two inner
connectors and/or the second telescopic element is adapted to bridge at least one con-

nection formed between two inner connectors.

Preferably, the first and second telescopic elements are provided such as to bridge a

connection between either the first and second end element via the inner connector or
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between the first end element and the link element and/or the second element and the
link element via the inner connectors, respectively. In this way, a relative movement of the
elements connected by the telescopic elements may be initiated and/or limited. The
telescopic elements preferably ensure that the arrangement remains stable and accord-

ingly rigid, even while being moved.

This particular embodiment allows for an additional connection between the respective
elements and a higher mobility of the arrangement. This enhances the stability, safety

and flexibility of the arrangement.

According to a preferred embodiment, the support structure is characterized in that the

first and/or the second telescopic element is a hydraulic cylinder.

Preferably, hydraulic cylinders are used as the first and/or second telescopic element.
This has the advantage that the telescopic elements may be controlled by means of a
hydraulic pressure. This is specifically beneficial if the support structure is implemented in
a mobile haulage system comprising a drive arrangement as described herein, as, pref-
erably, a single hydraulic system may be provided to drive all hydraulic components. A
hydraulic cylinder has the further advantage of remaining in its current position, even if
the power is cut off. As such, employing hydraulic cylinders as telescopic elements further

enhances stability of the arrangement.

According to a further preferred embodiment, the support structure is characterized in that
the first and/or the second telescopic element is adapted to register a distance by which it
is retracted and/or extended. In this way, a history of retracting and extending of the

telescopic elements can be stored.

In a preferred embodiment, the support structure is characterized in that at least one
guide assembly is arranged at at least one connection formed between two inner con-
nectors such that the guide assembly is rotatable about an axis parallel to the height

direction.

Preferably, this guide assembly is used to guide the enclosed belt conveyor, for example,
in the direction of a drive arrangement as described herein. The guide assembly is pref-
erably arranged such that it will rotate — together with the rotation of the connector) —
about an axis parallel to the height direction. By means of this arrangement, the guide
assembly is capable of guiding the enclosed belt conveyor more reliably, when the sup-
port structure performs a horizontal movement, for example in case of a bend along the

conveying direction. In particular, the guide assembly is capable of providing consistent
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guiding, even during bending of the enclosed belt conveyor, thereby further enhancing

flexibility and stability of the arrangement, while at the same time increasing reliability.

The previous embodiment may be improved such that the support structure is character-
ized in that the at least one guide assembly arranged at at least one connection formed
between two inner connectors comprises at least two sets of guide rollers, wherein each
set of guide rollers is adapted for engaging opposite longitudinal edges of a belt of an

enclosed belt conveyor.

Preferably, these guide rollers are engaged with the two opposite longitudinal edges of
the belt by being brought into friction contact with the belt. These guide rollers may be idle
or they may be drive rollers driven by a driving arrangement as described herein. In case
they are provided as idle, the guide rollers will be actuated to rotate around their center
axis by a friction force that is transferred from the (moving) enclosed belt conveyor to the
guide rollers. In case they are provided as drive rollers, they will drive due to an actuating
force transferred from respective drive units to the drive rollers, thereby driving the belt by
means of a friction force transfer. This improvement thus provides for a higher flexibility

and efficiency of the arrangement.

In accordance with a further embodiment, the support structure is characterized in that
the first and/or the second end connector is adapted to limit the rotation about the axis
parallel to the width direction and/or that the first end connector is adapted to limit the

rotation about the axis parallel to the longitudinal direction.

Preferably, the rotation about the axis parallel to the width direction and/or the longitudinal
direction, respectively, may not be fully prevented, such as to achieve a rigid connection,
but it may be limited to a certain degree of rotation. This degree of rotation may be differ-
ent for both axes or it may be the same. Preferably, the degree of rotation is selected in
accordance with the conditions at the mining site. Alternatively or additionally, it may be
selected in accordance with further influences, such as maintenance requirements. This
limitation may be performed for only the first end connector or only the second end con-
nector or both. Likewise, it may differ between the first end connector and the second end
connector. It may be permanent, by using an accordingly manufactures connector as first
and/or second end connector, or it may be variable, by using an adjustable connector as

first and/or second end connector.

This embodiment ensures that the rigidity of the arrangement may be adjusted, such as

to prevent dangerous situations, in which the arrangement may move in a manner that
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would lead to damage to the enclosed belt conveyor and/or a person close to it. Thus,

this embodiment enhances the overall safety of the arrangement.

According to a further embodiment, the support structure is characterized in that the inner
connectors and/or the first and/or the second telescopic element and/or the at least one
guide assembly arranged at at least one connection formed between two inner connect-

ors is adapted to limit the rotation about an axis parallel to the height direction.

Preferably, the rotation of the inner connectors about an axis parallel to the height direc-
tion, i.e. the horizontal rotation, may also be limited. Such a limitation may be achieved by
the inner connectors themselves, which may be provided such as to have a certain limita-
tion permanently or such as to have a variable limitation value. It may also be achieved
by the telescopic elements by means of their retraction and/or extension. Further to that,
a combination of both elements may be used to achieve the limitation. For example, an
inner connector may be used which allows for a certain range of rotation and the tele-
scopic element may be used to adjust the rotation in accordance with the desired limita-
tion within this certain range. This embodiment further enhances safety and flexibility of

the arrangement.

In a preferred embodiment, the support structure is characterized in that the first end
element and/or the second end element and/or the link element is a framework element
with longitudinal and width extensions exceeding the height extension. Preferably, the
dimensions of the first and/or second end element and/or the link element are such that
the length of the longitudinal direction exceeds the length of the height direction and the
length of the width direction also exceeds the length of the height direction. The length of
the longitudinal direction may also exceed the length of the width direction, thereby

achieving a support structure that has the shape of an elongated frame.

In a further preferred embodiment, the support structure is characterized in that the
support structure is free of ground supporting elements. Preferably, the support structure
is instead supported by the transport units arranged at the first and second end, respec-
tively. This embodiment achieves a signification reduction of components and, thus,

achieves a reduction in costs and complexity.

In accordance with a further preferred embodiment, the support structure is characterized
in that the combined extension along the longitudinal direction of the first and second end
element and a link element is about 6m. This length has been shown to be applicable to

most conventional mining conditions.
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A further aspect relates to a method for supporting an enclosed belt conveyor between
two transport units, the method comprising: providing a support structure as described
herein, connecting the first end connector to a first transport unit, connecting the second

end connector to a second transport unit.

By means of this connection process, it is possible to arrange a support unit between a
plurality of transport units. This arrangement forms modules that may be connected to
each other in a manner, such as to suit the respective requirements at the mining site. In
particular, it is possible to connect as many of the modules to one another as necessary
to bridge the distance from loading to discharge location. The support structure arranged
in between the respective transport units ensures an ideal relation between flexibility and
stability of the arrangement — by means of fixing and/or releasing and/or controlling the
rotation movement of the connectors — that may be adjusted to certain conditions at the
mining site, such as the unevenness and/or irregularity of the ground or elevations along
the conveying direction. Further, the support structure reduces the amount of transport

units necessary, thereby reducing costs and complexity of the arrangement.

As to the advantages, preferred embodiments and details of the method for supporting an
enclosed belt conveyor of a mobile haulage arrangement and its preferred embodiments,
reference is made to the corresponding aspects and embodiments of the support struc-

ture and mobile haulage arrangement described herein.

Preferred embodiments of the invention shall now be described with reference to the

attached drawings, in which

Fig. 1: shows a perspective view of a mobile haulage arrangement;

Fig. 2a: shows a side view of the mobile haulage arrangement according to Fig. 1 in

a straight alignment;

Fig. 2b: shows a top view of the mobile haulage arrangement according to Fig. 1;

Fig. 3a: shows a detailed top view of a discharge end of a mobile haulage arrange-

ment according to Fig. 2b;

Fig 3b: shows a detailed top view of a loading end of a mobile haulage arrangement

according to Fig. 2b;
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shows a side view of an alternative setup of a mobile haulage arrangement;

shows a top view of an alternative setup of the mobile haulage arrangement

according to Fig. 4a;

shows a perspective view of an alternative setup of the mobile haulage

arrangement according to Fig. 4a;

shows a perspective cross-sectional view of an enclosed belt conveyor;

shows a cross-sectional view of a fully open belt of an enclosed belt convey-

or;

shows a top view of the fully open belt of an enclosed belt conveyor accord-

ing to Fig. 7b;

shows a cross-sectional view of a partly open belt of an enclosed belt con-

veyor;

shows a top view of the partly open belt of an enclosed belt conveyor ac-

cording to Fig. 7c;

shows a cross-sectional view of a closed belt of an enclosed belt conveyor;

shows a top view of the closed belt of an enclosed belt conveyor according

to Fig. 7e;

shows a cross-sectional view of an open belt of an enclosed belt conveyor;

shows a side view of two opposite longitudinal edged of an enclosed belt

conveyor in a vertical bend;

shows a cross-sectional side view of an enclosed belt conveyor;

shows a partly cross-sectional side view of a lower guide roller;

shows a top view of the lower guide roller according to Fig. 10a;
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Fig. 11: shows a partly cross-sectional side view of a side guide roller;

Fig. 12: shows a perspective view of a wheel unit;

Fig. 13: shows a perspective view of a crawler unit;

Fig. 14: shows a cross-sectional side view of a ground transportation structure of a
crawler unit;

Fig. 15a: shows a cross-sectional side view of an embodiment of a spike of a crawler
unit;

Fig. 15b: shows a side view of spikes according to Fig. 15a mounted in a crawler
chain;

Fig. 15c: shows a cross-sectional side view of another embodiment of a spike of a
crawler unit;

Fig. 15d: shows a side view of the spikes according to Fig. 15¢ mounted in a crawler
chain;

Fig. 15e: shows a cross-sectional side view of yet another embodiment of a spike of a
crawler unit;

Fig. 15f: shows a side view of the spikes according to Fig. 15e mounted in a crawler
chain;

Fig. 16: shows a perspective view of a loading unit;

Fig. 17: shows a perspective view of a material transfer structure of the loading unit
according to Fig. 16;

Fig 18: shows a detailed perspective view of a material transfer structure of the
loading unit according to Fig. 17;

Fig. 19: shows a perspective view of a belt in a material transfer structure for the

CA 02971627 2017-06-20
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shows a perspective view of a discharge unit;

shows a perspective view of a material transfer structure of the discharge

unit according to Fig. 20;

shows a perspective view of a part of a base frame of a material transfer

structure of the discharge unit according to Fig. 20;

shows a perspective view of a support structure mounted between a wheel

unit and a crawler unit;

shows a detailed perspective view of the support structure according to Fig.
23;

shows a detailed perspective view of a first end of the support structure

according to Fig. 24;

shows a top view of a support structure in a straight position;

shows a top view of the support structure according to Fig. 26 in a half-bent

position;

shows a top view of the support structure according to Fig. 26 in a fully bent

position;

shows a perspective view of the support structure according to Fig. 26 in a

straight position;

shows a perspective view of the support structure according to Fig. 26

structure in a half-bent position;

shows a perspective view of the support structure according to Fig. 26 in a

fully bent position;

shows a cross-sectional side view of a drive arrangement;

shows a perspective view of a mounted drive arrangement;

PCT/EP2015/053226



15

20

25

30

WO 2016/131468

CA 02971627 2017-06-20

-41 -

Fig. 34: shows a side view of a bridge structure of a mobile haulage arrangement;

Fig. 35: shows a top view of the bridge structure according to Fig. 34;

Fig. 36: shows a perspective view of the bridge structure according to Fig. 34;

Fig. 37: shows a cross-sectional view view of the bridge structure according to sec-
tion A-A indicated in Fig. 34; and

Fig. 38 shows a top view of the bridge structure according to Fig. 34 with the bridge

structure inclined relative to the loading unit and the cutting or mining device.

In the drawings, identical elements or elements with substantially identical function are

indicated with identical reference signs.

In Figs. 1, 2a, and 2b a perspective view, a side view, and a top view, respectively, of a
mobile haulage arrangement 1 is shown. The mobile haulage arrangement 1 comprises a
loading unit 700 on a mining location, next to a mining device, a discharge unit 800 on a
discharge location, and several transport units 100, arranged between the loading unit
700 and the discharge unit 800. The mobile haulage arrangement 1 is located inside a
mine and is connecting the mining location with the discharge location along a path
through the mining shafts. The transport units 100 can either be wheel units 105 or crawl-
er units 205, keeping the mobile haulage arrangement 1 movable within the mining
shafts. As can be seen from Figs. 1 and 2b, the mobile haulage arrangement is able to
bend around corners within the mine, following a path through the mining shafts. The
mobile haulage arrangement has an overall length L1. In Fig. 2b, the wheel units 105 and
crawler units 205 are arranged in an alternating order. Because of the modularity of the
arrangement, different setups of wheel units and crawler units are possible. The loading
unit 700 together with two crawler units 205 and two wheel units 105 can be described as
the loading end 70 of the mobile haulage arrangement 1, which is located at the mining
location. The discharge unit 800 together with two wheel units 105 and a crawler unit 205
can be described as the discharge end 80 of a mobile haulage arrangement 1, which is
located at the discharge location. As can be seen from Fig. 2b, the mobile haulage ar-
rangement is able to turn in bends or around corners. When turning to the one side, an
inside bend 7 on the inner side of the bending radius and an outside bend 8 on the outer

side of the bending radius is formed. When turning to the other side, an inside bend 5 on
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the inner side of the bending radius and an outside bend 6 on the outer side of the bend-

ing radius is formed.

Fig. 3a shows a detailed top view of the discharge end 80 of the mobile haulage ar-
rangement 1 of Fig. 2b, comprising the discharge unit 800, a crawler unit 205 and two
wheel units 105. Between each of the discharge unit 800, the wheel units 105 and the
crawler unit 205, a support structure 1000 is arranged, respectively. Starting from the
discharge unit 800, a support structure 1000 is connected to a first wheel unit 105, fol-
lowed by another support structure 1000, a crawler unit 205, a further support structure
1000 and another wheel unit 105. Another part of the next support structure 1000 is
shown as well, extending away from the discharge unit 800. Because of the modularity of
the arrangement, different setups of wheel units 105, crawler units 205 and support

structures 1000 are possible.

Fig. 3b shows a detailed top view of the loading end 70 of a mobile haulage arrangement
1 of Fig. 2b, comprising the loading unit 700, two crawler units 205 and two wheel units
105. Between each of the loading unit 700, the wheel units 105 and the crawler units 205,
a support structure 1000 is arranged, respectively. Starting from the loading unit 700, a
support structure 1000 is connected to a first crawler unit 205, followed by another sup-
port structure 1000, a wheel unit 105, a further support structure 1000, another crawler
unit 205, another support structure 1000 and a further wheel unit 105. Another part of the
next support structure is shown as well, extending away from the loading unit 700. Be-
cause of the modularity of the arrangement, different setups of wheel units 105, crawler

units 205 and support structures 1000 are possible.

To describe the modularity of the mobile haulage arrangement, Fig. 4a, 4b and 5 show
side, top and perspective views, respectively, of an alternative setup of a mobile haulage
arrangement 1a. This alternative setup 1a comprises a discharge unit 800, two wheel
units 105, a crawler unit 205, a loading unit 700 and a total of four support structures
1000, interconnecting the discharge unit 800, the wheel units 105, the crawler unit 205
and the loading unit 800. The alternative setup of the mobile haulage arrangement 1a has
an overall length L1a being shorter than the length L1 of the mobile haulage arrangement

1, shown in Fig. 2a.

Figure 6 shows a perspective cross-sectional view of an enclosed belt conveyor 20
employing a belt 10. The belt 10 has two opposite longitudinal edges 11 and 12, which

are formed as wedge-shaped profiles attached to either side of a highly flexible center
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part through a process of hot vulcanization. These two opposite longitudinal edges 11, 12

are each provided with a vulcanized belt edge core 13 for absorbing belt tension.

The belt 10 is folded by arranging the first one of the two opposite longitudinal edges 11
below the second one of the two opposite longitudinal edges 12. As a result, the belt 10
forms a pouch with a drop-like section, in which fragmented material 4 is placed and
through which it is conveyed along the conveying direction 2. By means of this enclosed
belt conveyor 20 it is possible to minimize dust and spillage. Particularly, the belt 10 has
the advantage of being capable to drive even very small-radius curves, thus rendering
transfer points superfluous. As a result, the belt 10 can be employed as a closed loop
from the loading end 70 of the mobile haulage arrangement 1 to the discharge end 80 of

the mobile haulage arrangement 1.

The belt 10 as shown in Fig. 6 is arranged in a guide assembly 30 that is implemented as
a single guide assembly 37. A single guide assembly 37 is a guide assembly 30 which
guides the belt by utilizing a single side guide roller 31 arranged on one side of the en-
closed belt conveyor 20 and a lower guide roller 32 arranged below at least one of the

two opposite longitudinal edges 11, 12 of the belt 10 .

The single guide assembly 37 is used to guide the belt 10 along the conveying direction 2
from the loading end 70 of the mobile haulage arrangement 1 to the discharge end 80.
This movement is effected by said single side guide roller 31 and a lower guide roller 32.
The side guide roller 31 and the lower guide roller 32 are in friction contact with the belt

10 of the enclosed belt conveyor 20.

The side guide roller 31 is arranged such as to establish friction contact with a side of the
enclosed belt conveyor 20 that is opposite to the wedge-shaped profiles that are provided
as the two opposite longitudinal edges 11, 12. The center axis XS of the side guide roller
31 is parallel to an axis substantially orthogonal to the ground if the mobile haulage
arrangement is provided in a basic operation position on a substantially horizontal ground
as described herein. The lower guide roller 32 is brought into friction contact with the first
opposite longitudinal edge 11. The center axis XE of the lower guide roller 32 is provided
under an angle of approximately 45° in relation to the axis substantially orthogonal to the
ground if the mobile haulage arrangement is provided in said basic operation position on
a substantially horizontal ground. During movement of the enclosed belt conveyor 20 in

the conveying direction 2, the side guide roller 31 and the lower guide roller 32 rotate
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around their respective center axes XS and XE such as to guide the belt 10 in a convey-

ing direction 2.

Fig. 7a-7f show the opening and/or closing procedure of a belt 10 of an enclosed belt
conveyor. While Fig. 7a, 7c and 7e show a cross-sectional view, Fid. 7b, 7d and 7f show
a top view, respectively. In Fig. 7a, a cross-sectional view of a fully open belt 10 of an
enclosed belt conveyor is shown. The opposite longitudinal edges 11, 12 of the belt of the
enclosed belt conveyor are each engaged in a guide assembly 30. Both guide assemblies
30 are in this case single guide assemblies 37, comprising a side guide roller 31 and a
lower guide roller 32. Each single guide assembly 37 engages a longitudinal edge 11, 12
of an enclosed belt conveyor, holding the edge between the space of the side guide roller
31 and the lower guide roller 32. Fig. 7b shows a top view of Fig. 7a, wherein the en-
gagement of the belt 10 of an enclosed belt conveyor is visualized. The two single guide
assemblies 37 engage the belt in a way such that an axis of rotation XS of each of the
side guide rollers engaging the opposite longitudinal edges 11, 12 of the belt 10 include
an angle A30, which is preferably between 90 degrees and 180 degrees. Each longitudi-
nal edge 11, 12 of the belt 10 engaged by each single guide assembly 37 include an
angle A31 around the axis of rotation of the each side guide rollers of approximately 179
degrees or less, resulting in the opening or closing of the belt. In Fig. 7a and 7b, the
position of the belt can be described as fully open. A belt 10 can be described as fully
open, if two virtual lines extending tangential from each longitudinal edge 11, 12 of the
belt 10 preferably include an angle A32 of 90 degrees or more. In a fully open position,
the opposite longitudinal edges are spread such that fragmented material can be loaded
to or discharged from the belt 10. The belt 10 further has a width W1 between the belt
edge core 13 and the outer end of the longitudinal edge 11, 12 which preferably lies in a
range within 10 to 20 mm. Fig. 7c and 7d show a cross-sectional and a top view, respec-
tively, of a partly open belt 10 of an enclosed belt conveyor. In this partly open position
the angle A32 between the virtual lines tangentially extending from each longitudinal edge
11, 12 is preferably below 90 degrees and above 0 degrees. In this partly open position,
each of the opposite longitudinal edges 11, 12 of the belt 10 is engaged by a single guide
assembly 37. The two single guide assemblies 37 engage the belt in a way such that an
axis of rotation XS of each of the side guide rollers engaging the opposite longitudinal
edges 11, 12 of the belt 10 include an angle A30, which is preferably around 90 degrees.
Fig. 7e and 7f show a cross-sectional and a top view, respectively, of a closed belt 10 of
an enclosed belt conveyor. In this closed position the angle A32 between the virtual lines
tangentially extending from each longitudinal edge 11, 12 is preferably 0 degrees. In this

closed position, the two opposite longitudinal edges 11, 12 of the belt 10 are engaged by
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one full guide assembly 36, comprising of two side guide rollers 31, a lower guide roller
33 and a top guide roller 33. It is understood that the application of various guide assem-
blies, comprising various guide roller setups can be used, depending on the necessity of
guidance of the belt 10. It is further understood that various angles A31 can be applied by
the arrangement of guide assemblies 30, to provide a faster or slower opening and/or

closing procedure of the belt 10.

Fig. 8 shows a cross-sectional view of a belt of an enclosed belt conveyor in a fully open
position. On each longitudinal edge 11, 12 of the belt 10 there is a thickening end of the
belt, being unreleasably attached to the belt 10. The thickening end of the longitudinal
edge each comprises a belt edge core 13, providing a stiffening of the longitudinal edge

and avoiding an overbending of the longitudinal edge.

Figure 9a shows a cross-sectional view of a bending of the belt edge cores 13 arranged
inside the two opposite longitudinal edges 11, 12 of the belt 10 in case of a vertical curve.
R2 designates the radius of the belt edge core 13 of the first one of the two opposite
longitudinal edges 11 and R1 designates the radius of the belt edge core 13 of the se-
cond one of the two opposite longitudinal edges 12. If the two opposite longitudinal edges
11, 12 are arranged above each other in the vertical direction — as shown in Fig. 9a — the
belt edge cores 13 do not have the same horizontal bending radius (R1 # R2). Further, in
order to prevent overstressing of the belt edge cores 13, a certain minimum radius should

be maintained.

Figure 9b shows a cross-sectional view of an enclosed belt conveyor 20. The belt 10 is
folded to form a pouch having a drop-like cross-sectional shape by arranging the two
opposite longitudinal edges 11, 12 above one another in a vertical direction. A side guide
roller 31 is arranged such as to be in friction contact with the side of the enclosed belt
conveyor 20 that is opposite to the wedge-shaped profiles that are provided as the two
opposite longitudinal edges 11, 12. A lower guide roller 32 is arranged below the first one
of the two opposite longitudinal edges 11. The enclosed belt conveyor is driven by the
side guide roller 31 and the lower guide roller 32. Radius R3 indicates a horizontal bend-
ing radius of the enclosed belt conveyor 20 when the enclosed belt conveyor is config-
ured to convey along a horizontal curvature, for example, when the enclosed belt con-

veyor is configured to convey along a path around a corner having a certain radius.

Figure 10a shows a partly cross-sectional side-view of the lower guide roller 32 and

Figure 10b shows a top view of a lower guide roller 32. The lower guide roller 32 com-
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prises a lower guide roller bearing 42 and rotates around a center axis XE. R4 designates

an outer radius of the lower guide roller 32.

Figure 11 shows a partly cross-sectional side view of the side guide roller 31. The side
guide roller 31 comprises side guide mounting means 41 for mounting the side guide
roller 31 in the guide assembly 30. During rotation, side guide roller 31 rotates around the

center axis XS.

In Fig. 12, a transport unit 100 is shown, comprising two ground transportation structures
110, 120 movable in a conveying direction 2 or the opposite direction 3, and a support
frame 130, connecting the two ground transportation structures 110, 120 such that two
runs 21, 22 of a belt of an enclosed belt conveyor can be fitted under the support frame
130 between the ground transportation structures 110, 120. Each of the ground transpor-
tation structures 110, 120 comprises a height adjustment device 140, 150, adapted to
vary the position of at least a portion of the support frame. In this embodiment the height
adjustment devices 140, 150 are hydraulic cylinders, arranged in a substantially vertical
direction. The height adjustment devices 140, 150 comprise two height adjustment sup-
port structures 141, 142, 151, 152, each, wherein the height adjustment support struc-
tures are adapted to support the support frame towards the ground transportation struc-
tures. Preferably, the height adjustment support structures are extendable in a substan-
tially vertical direction and adapted to move together with the height adjustment devices
140, 150.

The support frame 130 comprises two connectors 160, 170, one on each side of the
support frame 130 in a conveying direction 2, opposite of each other. The connectors
160, 170 have a bar-shaped figure and are adapted to form a releasable connection, for
example with a support structure. The ground support structures 110, 120 feature two
wheels 111, 112, 121, 122 each, arranged on the bottom side of the ground transporta-
tion structures 110, 120, after one another in a conveying direction, providing a connec-
tion of the transport unit 100 with the ground. The transport unit 100 can thus be de-
scribed as a wheel unit 105. The wheels 111, 112, 121, 122 each comprise a pneumatic
tire, arranged on a wheel rim. Further, the wheel unit comprises a braking unit 115, which
can be for example arranged on the axis of a wheel 121. In this embodiment, it can be
seen in Fig. 12, that the extension of the support frame 130 in the conveying direction 2 is
smaller than an extension of both the ground transportation structures 110, 120 in the

conveying direction 2.
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Fig. 13 shows an alternative embodiment of a transport unit 100, in a similar setup as
shown in Fig. 12, comprising two ground transportation structures 210, 220, arranged for
a movement in a conveying direction 2 or the opposite direction 3, and a support frame
230 connecting the two ground transportation structures 210, 220 in a way that two runs
of an enclosed belt conveyor can be fitted under the support frame 230 between the
ground transportation structures 210, 220. Each of the ground transportation structures
210, 220 comprises a height adjustment device 240, 250, adapted to vary the position of
at least a portion of the support frame. The height adjustment devices 240, 250 further
comprise two height adjustment support structures 241, 242, 251, 252, each, wherein the
height adjustment support structures are adapted to support the support frame towards
the ground transportation structures. Preferably, the height adjustment support structures
241, 242, 251, 252 are extendable in a substantially vertical direction and adapted to
move together with the height adjustment devices 240, 250. In this embodiment the
height adjustment devices 240, 250 are hydraulic cylinders, arranged in a vertical direc-
tion. The support frame comprises two connectors 260, 270, one on each side of the
support frame 230 in a conveying direction 2, opposite of each other. The connectors
260, 270 have a bar-shaped figure and are adapted to form a releasable connection, for
example with a support structure. The ground support structures 210, 220 in this embod-
iment are crawler tracks 211, 221, each arranged on the bottom side of the ground trans-
portation structures 210, 220, providing a connection of the transport unit 100 with the
ground. The transport unit 100 in this embodiment can thus be described as a crawler
unit 205. The crawler unit 205 further comprises a crawler drive 215 for driving the crawl-
er tracks. The crawler tracks both comprise a crawler chain 216, two main crawler drive
means 212, driving the chain 216 of each of the crawler tracks, and six auxiliary crawler
drive means 213, supporting the crawler chain 216. The crawler unit 205 further compris-
es an operation unit 280, capable of operating the crawler. In this embodiment it can also
be seen, that the extension of the support frame 230 in the conveying direction 2 is
smaller than an extension of both the ground transportation structures 210, 220 in the

conveying direction 2.

Fig. 14 shows a cross-sectional view of a crawler track 211, 221 of a crawler unit 205. In
this embodiment, the crawler track 211, 221 comprises a crawler chain 216 being driven
by the main crawler drive means 212, being located at the front and back end of the
crawler track 211, 221, being driven by the crawler drive 215 in a conveying direction 2.
The crawler track 211, 221 further comprises a set of five auxiliary crawler drive means
213, being arranged between the front and back main crawler drive means 212 in a

longitudinal orientation behind another in the conveying direction 2.
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Figs. 15a-f, cross-sectional side views of three different spikes are shown. While Figs.
15a, 15¢, and 15e show the various forms of spikes 225, 226, 227, Figs. 15b, 15d, and
15f show the various forms of spikes 225, 226, 227 being mounted in a crawler chain
216, accordingly. It is understood, that these types of spikes are only examples and the

application of spikes in the crawler chain 216 is not limited by these examples.

Fig. 16 shows a perspective view of a loading unit 700, comprising a material transfer unit
300 with a material transfer structure 500, and a crawler unit 205 according to Fig. 13.
The material transfer structure 500 is mounted at the crawler unit 205 below the support
frame 230 and comprises a base frame 510 with a first end 511 and a second end 512.
The material transfer structure 500 further comprises rolling means 540, which are ar-
ranged on the second end 512 of the base frame 510 and which are adapted to turn the
belt 10 between a conveyor run 21 and a return run 22 of an enclosed belt conveyor. The
rolling means comprise of two return discs 541, 542 and a roller 543. The two return discs
541, 542 are arranged on each side of the belt 10 being in contact with a part of the belt
10 near the opposite longitudinal edges 11, 12. The roller 543 is preferably arranged
between the two return discs, supporting the belt 10 in its center, between the opposite
longitudinal edges. On the first end 511 of the base frame 510 there is further a connector
560 arranged to connect with a support structure, for example. On the second end 512
there is further a loading arrangement 570 arranged to guide fragmented material to be
conveyed in the belt 10 of the enclosed belt conveyor. The material transfer structure
further comprises a plurality of guide assemblies 30 for engaging opposite longitudinal
edges of a belt 10 of an enclosed belt conveyor. The guide assemblies 30 are partly
adapted as double guide assemblies 35, full guide assemblies 36, single guide assem-
blies 37, and half guide assemblies 38, arranged within the base frame 510, depending
on the weight and need for guidance of the belt 10. The belt 10 is opened and closed
within the material transfer structure 500 as described in Fig. 7a-f. In this particular em-
bodiment, the conveyor run 21 of the belt 10 is closed and the return run 22 of the belt 10
is open in the material transfer structure. The material transfer unit has an overall length

L7 in longitudinal direction.

Fig. 17 shows a perspective view of the material transfer structure 500 of the loading unit
700 according to Fig. 16. In this figure, the guiding of the belt 10 is visualized in particular.
The conveyor run 21 runs in conveying direction 3, exiting the base frame 510 at the first
end 511 while the return run 22 runs in the opposite direction 3, entering the base frame
510 at the first end 511. Both, the conveyor run 21 and the return run 22 enter and exit

the base frame 511 at substantially the same height level, respectively. When the return
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run 22 enters the base frame 511 in a closed position, the empty belt 10 is spread by
guide assemblies 30 into a partly open state while being guided from the entry level
height to a lower level through a first, inclined section 514 adjacent the first end 511 of the
base frame 510. Once arrived in the lower state, the belt 10 of the return run is further
spread to a fully open state and guided underneath the conveyor run 21 by further guide
assemblies 30 in a second, less or not inclined section 515 at the second end 512 of the
base frame 510. At the second end 512 of the base frame 510, the fully open belt 10 is
turned by the rolling means 540 in a way that the inside of the return run 22 is turned to
the outside of the conveyor run 21 and the outside of the previous return run 22 is turned
to the inside of the conveyor run 21. In this position, the open belt 10 is filled with frag-
mented material through the loading arrangement 570. The conveyor run 21 of the belt 10
is then guided by the guide assemblies 30 from a fully open position to a partly open
position in a section adjacent the second end 512 of the base frame 510 and then guided
from a partly open position to a closed position in a section adjacent the first end 511 of
the base frame 510. When exiting the base frame 510 at the first end 511, the conveyor
run 21 is at the same level as the return run 22 entered the base frame 510. The material
transfer structure 500 further comprises support rollers 580 arranged on the base frame
510 to support the material transfer structure towards the ground. The material transfer
structure 500 has an overall length L5 in longitudinal extension, which is preferably the

same length as the length L7 of the loading unit 700.

Fig. 18 shows a detailed view of the material transfer structure 500 according to Fig. 17,
in particular of the arrangement of the guide assemblies 30, which are arranged accord-
ing to the guiding and carrying necessities of the material transfer structure 500. On the
first end of the base frame a double guide assembly 35 is arranged, engaging both oppo-
site longitudinal edges 11, 12 of the belt 10 together in a closed position, followed by a
single guide assembly 38, and two of half guide assemblies 38, opening the belt 10 by
separating the opposite longitudinal edges 11, 12 of the belt 10 into separate half guide
assemblies 38. Then the belt 10 is guided to the lower end of the second end of the base
frame, followed by a full guide assembly 36 and then a plurality of single guide assem-
blies 37 to open the belt from a partly open position and into a fully open position at the
rolling means 540. The return discs 541, 542 of the rolling means each guide a longitudi-
nal edge 11, 12 of the belt 10 when turning the belt 10 between the conveyor run 21 and
the return run 22. After passing the rolling means 540, the belt 10 is reversely closed in
similar fashion by first applying a plurality of single guide assemblies 37 to guide the belt

10 from fully open into a partly open position and into the closed position.
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Fig. 19 shows the movement and in particular the opening and closing procedure of the

belt 10 in the material transfer structure 500 according to Fig. 18.

Fig. 20 shows a discharge unit 800, comprising of a material transfer unit 400, with a
material transfer structure 600, and a crawler unit 205 according to Fig. 13. The material
transfer structure 600 is mounted at the crawler unit 205 below the support frame 230 and
comprises a base frame 610 with a first end 611 and a second end 612. The base frame
further comprises two parts 616, 617 which are connected with each other such that they
are moveable in a translational movement 619 relative to each other in the conveying
direction 2. This translational movement 619 is facilitated through a hydraulic cylinder
620, arranged between the two parts 616, 617 of the base frame 610, mounted on the
hydraulic cylinder mounting element. In this embodiment, the first end 611 is located at
one part 616 of the base frame 610 and the second end 612 is located at the other part
617 of the base frame 610. Either of two parts 616, 617 may be fixedly mounted to the
crawler unit 205, for instance on the support frame 230. Preferably, the part 617 of the
base frame 610 is fixedly mounted to the crawler unit 205, preferably on the support
frame 230 of the crawler unit 205. The material transfer structure 600 further comprises
rolling means 640, which are arranged on the second end 612 of the base frame 610 and
which are adapted to turn the belt 10 between a conveyor run 21 and a return run 22 of
an enclosed belt conveyor. The rolling means comprise of two return discs 641, 642 and
a roller 643. The two return discs 641, 642 are arranged on each side of the belt 10 being
in contact with a part of the belt 10 near the opposite longitudinal edges 11, 12. The roller
643 is preferably arranged between the two return discs, supporting the belt 10 in center
between the opposite longitudinal edges. On the first end 611 of the base frame 610
there is further a connector 660 arranged to connect with a support structure, for exam-
ple. On the second end 612 there is further a discharge arrangement 670 arranged to
guide fragmented material to be discharged from the belt 10 of the enclosed belt convey-
or. The material transfer structure further comprises a plurality of guide assemblies 30 for
engaging opposite longitudinal edges of a belt 10 of an enclosed belt conveyor. The
guide assemblies 30 are adapted as full guide assemblies 36, arranged within the base
frame 610, but can be any other type of guide assemblies as well. The belt 10 is opened
and closed within the material transfer structure 600 as described in Fig. 7a-. In this
particular embodiment, the conveyor run 21 of the belt 10 is open and the return run 22 of
the belt 10 is closed in the material transfer structure. The discharge unit 800 has an
overall length L8 in longitudinal direction. Through the hydraulic cylinder 620, mounted
between the two parts 616, 617 of the base frame 610, it is possible to move one part 617

towards and away from the other part 616 and thus, to move the guide assemblies 30
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and the rolling means 640 towards and away from the rest of the mobile haulage ar-
rangement 1, 1a. This is particularly preferred as it is thus possible to loosen and in

particular tighten the belt 10 of the mobile haulage arrangement.

Fig. 21 shows a perspective view of the material transfer structure 600 of the discharge
unit 800 according to Fig. 20, in particular the part 616 of the base frame 610. In this
figure, the guiding of the belt 10 within the discharge unit 800 is visualized in particular.
The conveyor run 21 runs in conveying direction 3, entering the base frame 610 at the
first end 611 while the return run 22 runs in the opposite direction 3, exiting the base
frame 610 at the first end 611. Both, the conveyor run 21 and the return run 22 enter and
exit the base frame 611 as substantially the same height level, respectively. When the
conveyor run 22 enters the base frame 610 in a closed position, the belt 10 filled with
fragmented material is first spread by guide assemblies 30 into a partly open position in a
section adjacent the first end 611 of the base frame 610 and then spread into a fully open
position in a section adjacent the second end 612 of the base frame 610. The belt 10 is
then turned by the rolling means 640 in a way that the inside of the conveyor run 21 is
turned to the outside of the return run 22 and the outside of the conveyor run 21 is turned
to the inside of the return run 22. The return discs 641 and 642 of the rolling means 640
each guide a longitudinal edge 11, 12 of the belt 10 when turning the belt 10 between the
conveyor run 21 and the return run 22. When being turned by the rolling means 640, the
fragmented material transported in or on the belt 10 is then discharged from the dis-
charge unit 800 through the discharge arrangement 670. The return run 22 of the belt 10
is then guided by the guide assemblies 30 from a fully open position at the lower end 613
of the second end 612 of the base frame 610 to a partly open position underneath the
conveyor run 21 in a second, less or not inclined section 615 adjacent the second end of
the base frame 610 and then to a closed position in an first inclined section 614 adjacent
the first end 611 of the base frame 610 When exiting the base frame 610 at the first end
611, the return run 22 is at the same level as the conveyor run 21 entered the base frame
610 The material transfer structure 600 has an overall length L6 in longitudinal extension,

which is preferably the same length as the length L8 of the discharge unit 800.

Fig. 22 shows a perspective view of the part 617 of the base frame 610 of a material
transfer structure 600 of the discharge unit 800 according to Fig. 20. The part 617 of the
base frame can be arranged together with the part 616 so that the two parts 616, 617 are
able to perform a translational movement 619 in the conveying direction 2. This is facili-

tated by a hydraulic cylinder 620, mounted on one part 617 of the base frame and mount-
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ed on the hydraulic cylinder mounting element 618 on the other part 616 of the base
frame 610.

Fig. 23 shows a perspective view of a support structure 1000 mounted between a wheel
unit 105 according to Fig. 12 and a crawler unit 205 according to Fig. 13. The support
structure extends between a first end 1001 and a second end 1002 and comprises a first
end element 1100 with a main extension in a longitudinal direction L11, a width extension
in a width direction W11 orthogonal to the longitudinal direction L11 and a height exten-
sion in a height direction H11 orthogonal to the longitudinal direction L11 and the width
direction W11. The support structure further comprises a second end element 1200 with a
main extension in a longitudinal direction L11, a width extension in a width direction W11
orthogonal to the longitudinal direction L11 and a height extension in a height direction
H11 orthogonal to the longitudinal direction L11 and the width direction W11. The support
structure also comprises a link element 1300 with a main extension in a longitudinal
direction L11, a width extension in a width direction W11 orthogonal to the longitudinal
direction L11 and a height extension in a height direction H11 orthogonal to the longitudi-
nal direction L11 and the width direction W11.

The first end element 1100, the second end element 1200 and the link element 1300 all
comprise a framework structure, with longitudinal and width extension exceeding the
height extension. The support structure further comprises a plurality of guide assemblies
30 for engaging opposite longitudinal edges of a belt of an enclosed belt conveyor, which
can be, for example, full guide assemblies 36. In this embodiment, there are guide as-
semblies arranged at the first end element 1100, the second end element 1200 as well as
the link element 1300. The first end element 1100 and the second end element 1200 both
have an outer end 1101, 1201, respectively. Both outer ends 1101, 1201 comprise end
connectors 1110, 1210, the first end connector 1110 and the second end connector 1210,
respectively. The first and second end connectors 1110, 1210 both are adapted to form a

connection with a transport unit 100, 105, 205.

In the shown embodiment, the first end connector 1110 has a ring-shaped form and
engages with the bar-shaped form of the connector 270 of the crawler unit 205. Respec-
tively, the second end connector 1210 forms a connection in the same way with the
connector 160 of the wheel unit 105. On the opposite side of the crawler unit 205 in a
longitudinal direction L11 another second end element 1200 is arranged and connected

with the connector 260 of the crawler unit, while on the opposite side of the wheel unit
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105 in a longitudinal direction L11 another first end element 1100 is arranged and con-

nected with the connector 170 of the wheel unit.

It has to be understood that the transport units can be interchanged due to the modular
setup of the mobile haulage arrangement to adapt to certain requirements. The connec-
tion formed between the first end connector 1110 and the connector 270 of the crawler
unit 205 is adapted to allow for a rotation about an axis parallel to the width direction W11
and about an axis parallel to the longitudinal direction L11. The connection formed be-
tween the second end connector 1210 and the connector 160 of the wheel unit 105 is
adapted to allow for a rotation about an axis parallel to the width direction W11. The first
end element 1100 and the second end element 1200 both have an inner connector 1120,
1220, respectively, while the link element 1300 has two inner connectors 1320, 1330 on

opposite ends of the link element 1300 in a longitudinal direction L11.

In this embodiment the inner connector 1120 of the first end element 1100 forms a con-
nection with one of the end connectors 1320 of the link element 1300 while the inner
connector 1220 of the second end element 1200 forms a connection with the other,
opposite inner connector 1330 of the link element. Both connections allow for a rotation
about an axis parallel to the height direction H11 and are supported by a connecting pin
1130, 1230 of the first and second end element 1100, 1200, respectively.

In this embodiment, the first end connector 1110 is fixed against a rotation about an axis
parallel to the height direction H11, the second end connector 1210 is fixed against a
rotation about an axis parallel to the height direction H11 and against a rotation about an
axis parallel to the longitudinal direction L11, and the inner connectors 1120, 1220, 1320,
1330 are fixed against a rotation about an axis parallel to the width direction W11 and an

axis parallel to the longitudinal direction L11, respectively.

Between the first end element 1100 and the link element 1300 as well as between the
second end element 1200 and the link element, a first and second telescopic element
1500, 1600 are arranged, respectively. The first telescopic element 1500 is mounted on
the first side to a first telescopic mounting element 1510, being arranged at the first end
element 1100, and on the second side to a second telescopic mounting element 1520,
being arranged at the link element 1300. Accordingly, the second telescopic element
1600 is mounted on the first side to a first telescopic mounting element 1610, being
arranged at the second end element 1200, and on the second side to a second telescopic

mounting element 1620, being arranged at the link element 1300.
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The first and second telescopic elements 1500, 1600 are each adapted as a hydraulic
cylinder, preferably being powered by a hydraulic valve block, being arranged at either
one or both of the wheel unit and/or the crawler unit. The first and second telescopic
elements 1500, 1600 are further arranged to control a rotational movement about the
inner connectors 1120, 1220, of the first and second end elements 1100, 1200, respec-
tively. Further, the first and second telescopic elements 1500, 1600 are adapted to regis-

ter a distance by which it is retracted and/or extended.

As can be seen from this embodiment, the first telescopic element 1500 is bridging the
connection formed between the two inner connectors 1120, 1320 of the first end element
1100 and the link end element 1300 and the second telescopic element 1600 is bridging
the connection formed between the two inner connectors 1220, 1330 of the second end
element 1200 and the link element 1300. The overall length of the support unit L10 is

about 6m

Fig. 24 shows a detailed perspective view of the support structure 1000 according to Fig.
23. Here it can be seen, that the guide assemblies 30 are adapted as full guide assem-
blies 36, comprising two opposite side guide rollers 31, a top guide roller 33 and a lower

guide roller 32 for engaging the belt of an enclosed belt conveyor.

Fig. 25 shows a detailed perspective view of a first end 1100 of the support structure
1000 according to Fig. 24.

Figs. 26-31 show top and perspective view of a different embodiment of a support struc-
ture in straight, half-bent and fully bent positions, respectively. While Figs. 26-28 show a
top view of the support structure in straight, half-bent and fully bent positions, Figs. 29-31

show a perspective view of these positions, respectively.

In this embodiment, the support structure extends between a first end 1001 and a second
end 1002 and comprises a first end element 1100 with a main extension in a longitudinal
direction L11, a width extension in a width direction W11 orthogonal to the longitudinal
direction L11 and a height extension in a height direction H11 orthogonal to the longitudi-
nal direction L11 and the width direction W11.

The support structure further comprises a second end element 1200 with a main exten-
sion in a longitudinal direction L11, a width extension in a width direction W11 orthogonal
to the longitudinal direction L11 and a height extension in a height direction H11 orthogo-

nal to the longitudinal direction L11 and the width direction W11.
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The support structure also comprises a link element 1300 with a main extension in a
longitudinal direction L11, a width extension in a width direction W11 orthogonal to the
longitudinal direction L11 and a height extension in a height direction H11 orthogonal to
the longitudinal direction L11 and the width direction W11.

The first end element 1100, the second end element 1200 and the link element 1300 all
comprise a framework structure, with longitudinal and width extension exceeding the
height extension. The support structure further comprises a plurality of guide assemblies
30 for engaging opposite longitudinal edges of a belt of an enclosed belt conveyor, which
are in this embodiment partly adapted as full guide assemblies 36 and partly as double

guide assemblies 35.

The first end element 1100 and the second end element 1200 both have an outer end
1101, 1201, respectively. Both outer ends 1101, 1201 comprise an end connector 1110,
1210, the first end connector 1110 and the second end connector 1210, respectively. The
first and second end connectors 1110, 1210 both are adapted to form a connection with a
transport unit and are in a ring-shaped form. The connection formed between the first end
connector 1110 and the connector 270 of the crawler unit 205 is adapted to allow for a
rotation about an axis parallel to the width direction W11 and about an axis parallel to the
longitudinal direction L11. The connection formed between the second end connector
1210 and the connector 160 of the wheel unit 105 is adapted to allow for a rotation about
an axis parallel to the width direction W11. The first end element 1100 and the second
end element 1200 both have an inner connector 1120, 1220, respectively, while the link
element 1300 has two inner connectors 1320, 1330 on opposite ends of the link element

1300 in a longitudinal direction L11.

In this embodiment the inner connector 1120 of the first end element 1100 forms a con-
nection with one of the end connectors 1320 of the link element 1300 while the inner
connector 1220 of the second end element 1200 forms a connection with the other,
opposite inner connector 1330 of the link element. Both connections allow for a rotation
about an axis parallel to the height direction H11 and are supported by a connecting pin
1130, 1230 of the first and second end element 1100, 1200, respectively. In this embodi-
ment, the first end connector 1110 is fixed against a rotation about an axis parailel to the
height direction H11, the second end connector 1210 is fixed against a rotation about an
axis parallel to the height direction H11 and against a rotation about an axis parallel to the
longitudinal direction L11, and the inner connectors 1120, 1220, 1320, 1330 are fixed
against a rotation about an axis parallel to the width direction W11 and an axis parallel to

the longitudinal direction L11, respectively. Between the first end element 1100 and the
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link element 1300 as well as between the second end element 1200 and the link element
first and second telescopic elements 1500, 1600 are arranged, respectively. The first
telescopic element 1500 is mounted on the first side to a first telescopic mounting ele-
ment 1510, being arranged at the first end element 1100, and on the second side to a
second telescopic mounting element 1520, being arranged at the link element 1300.
Accordingly, the second telescopic element 1600 is mounted on the first side to a first
telescopic mounting element 1610, being arranged at the second end element 1200, and
on the second side to a second telescopic mounting element 1620, being arranged at the
link element 1300. The first and second telescopic elements 1500, 1600 are each
adapted as a hydraulic cylinder, preferably being powered by a hydraulic valve block,
being arranged at either one or both of the wheel unit and/or the crawler unit. The first
and second telescopic elements 1500, 1600 are further arranged to control a rotational
movement about the inner connectors 1120, 1220, of the first and second end elements
1100, 1200, respectively. In this embodiment this is performed by the control unit 1550,
arranged at the first telescopic element 1550. Further, the first and second telescopic
elements 1500, 1600 are adapted to register a distance by which it is retracted and/or

extended.

As can be seen from this embodiment, the first telescopic element 1500 is bridging the
connection formed between the two inner connectors 1120, 1320 of the first end element
1100 and the link end element 1300 and the second telescopic element 1600 is bridging
the connection formed between the two inner connectors 1220, 1330 of the second end
element 1200 and the link element 1300.

In this embodiment there are two guide assemblies 30 in the form of full guide assemblies
35 arranged at the first end element. Further, there are two guide assemblies 30 in the
form of full guide assemblies 35 arranged at the link element 1300. Two guide assem-
blies 30 in the form of double guide assemblies are arranged at the connection between
the first end element 1100 and the link element 1300 and two guide assemblies 30 in the
form of double guide assemblies 35 are arranged at connection between the second end
element and the link element. The full guide assembly 36 comprises two side guide
rollers 31, a top guide roller 33 and a lower guide roller 32, arranged to engage the oppo-
site longitudinal edges of a belt of an enclosed belt conveyor. The double guide assembly
35 comprises two sets of two side guide rollers 31 each, a top guide roller 33 and a lower
guide roller 32, wherein each set is arranged to engage the opposite longitudinal edges of

a belt of an enclosed belt conveyor.
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The position of the support structure 1000 shown in Figs. 26 and 29, respectively, can be
described as a straight position. In this straight position, the first end element 1100, the
second end element 1200 and the link element are arranged in a substantially straight
direction parallel to the longitudinal direction. This means that the neither of the first and
second end element 1100, 1200 is rotated in a rotation about an axis parallel to the
height direction H11 on the two connections formed by the inner connectors 1120, 1320,
1220, 1330. This position is used for a movement of a mobile haulage arrangement in a

substantially straight direction, parallel to the longitudinal direction.

The position of the support structure 1000 shown in Figs. 27 and 30, respectively, can be
described as a half-bent position. In this half-bent position, the first end element 1100 is
rotated in a rotation about an axis parallel to the height direction H11 on a connection
formed by the inner connectors 1120, 1320, deflecting from the straight direction and
forming a bend. The second end element 1200 is not rotated, still remaining in a straight
direction with the link element 1300. To achieve the rotation of the first end element 1100,
the first telescopic element 1500 is extended, thus pushing the first telescopic mounting
element 1510 away from the second telescopic mounting element 1520. As the connec-
tion formed between the inner connectors 1120 and 1320 allows the first end element
1100 for a rotation about an axis parallel to the height direction H11 but is fixed against
rotation about an axis parallel to the width direction W11 and an axis parallel to the longi-
tudinal direction L11, the first end element is rotated about an axis parallel to the height
direction H11 only. The amount of rotation about the axis parallel to the height direction is
corresponding with the amount of extension of the telescopic element in relation to the
extension in a straight position. In this embodiment it can be seen, that the double guide
roller 35 arranged at the connection formed by the inner connectors 1120, 1320 is rotated
by substantially the half of the amount of rotation of the first end element, thus allowing

for a smooth bend of a belt engaged by the double guide roller 35.

The position of the support structure 1000 shown in Figs. 28 and 31, respectively, can be
described as a fully bent position. In this fully bent position, the first end element 1100 is
rotated in a rotation about an axis parallel to the height direction H11 on a connection
formed by the inner connectors 1120, 1320, deflecting from the straight direction and
forming a bend. The second end element 1200 is also rotated in a rotation about an axis
parallel to the height direction H11 on a connection formed by the inner connectors 1220,
1330, deflecting from the straight direction and forming a bend. To achieve the additional
rotation of the second end element 1200, the first telescopic element 1600 is extended,
thus pushing the second telescopic mounting element 1620 away from the first telescopic

mounting element 1610. As the connection formed between the inner connectors 1220
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and 1330 allows the second end element 1200 for a rotation about an axis parallel to the
height direction H11 but is fixed against rotation about an axis parallel to the width direc-
tion W11 and an axis parallel to the longitudinal direction L11, the second end element is
rotated about an axis parallel to the height direction H11 only. The amount of rotation
about the axis parallel to the height direction is corresponding with the amount of exten-
sion of the telescopic element in relation to the extension in a straight position. In this
embodiment it can be seen, that the double guide roller 35 arranged at the connection
formed by the inner connectors 1220, 1330 is rotated by substantially the half of the
amount of rotation of the first end element, thus allowing for a smooth bend of a belt
engaged by the double guide roller 35. It has to be understood that in this embodiment
various bending positions of the first end element 1100, the second end element 1200

and the link element 1300 towards another can be realized.

Figure 32 shows a cross-sectional side view of a drive arrangement 2000. The drive
arrangement 2000 is used to drive both, the belt 10 of the conveyor run 21 and the belt
10 of the return run 22 in the conveying direction 2 and the opposite, return direction 3,
respectively. Such a conveying direction is indicated, for example, in Figs. 2a and 2b as

described herein.

The drive arrangement 2000 comprises a conveyor drive assembly 2100 and a return
drive assembly 2200. The conveyor drive assembly 2100 comprises a conveyor drive unit
2110. The conveyor drive unit 2110 is adapted to actuate a conveyor run drive roller 2120
with a predetermined torque. Similarly, the return drive assembly 2200 comprises a return
drive unit 2210. Said return drive unit 2210 is adapted to actuate a return drive roller 2220
with a predetermined torque. The predetermined torque with which the conveyor run drive
roller 2120 and the return run drive roller 2220 are driven is the same for both drive rollers

and is controlled by a control unit (not shown) comprised in the drive arrangement 2000.

In order to drive the belt 10 of the conveyor run 21 in the conveying direction 2, the con-
veyor run drive roller 2120 is brought into friction contact with that side of the enclosed
belt conveyor that is opposite to the one on which the two wedge-shaped profiles consti-
tuting the two opposite longitudinal edges 11, 12 are arranged. When the conveyor run
drive roller 2120 is driven at the predetermined torque, the momentum of said torque is
transferred to the belt 10, thereby moving the belt 10 in the conveying direction 2 at a
velocity resulting from the torque applied. In addition to the conveyor drive roller 2120, an
idle roller 34 and a lower guide roller 32 are brought into contact with the belt 10 of the
conveyor run 21 such as to guide the belt 10 of the conveyor run 21 to the drive arrange-

ment. The idle roller 34 is arranged on the side of the belt 10 that is opposite to the side

PCT/EP2015/053226



10

20

25

30

WO 2016/131468

CA 02971627 2017-06-20

-59 -

on which the conveyor drive roller 2120 is arranged. The lower guide roller 32 is arranged
below the two opposite longitudinal edges 11, 12 and brought into contact with the first
one of the two opposite longitudinal edges 11. The idle roller 34 and the lower guide roller
32 are not actively actuated by the conveyor drive unit 2110. Alternatively, the idle roller
34 could be provided as a second conveyor drive roller or the position of the conveyor

drive roller 2120 and the idle roller 34 could be exchanged

The belt 10 of the return run 22 is driven in the return direction 3 by a respective return
drive roller 2220, arranged at the belt 10 of the return run in a similar manner as the
conveyor run drive roller 2120. The return drive roller 2220 is driven by the return drive
unit 2210 at the same torque as applied on the conveyor drive roller 2120. The belt 10 of
the return run 22 is also guided to the return drive assembly by an idle roller 34 arranged
on the opposite side of the belt 10 as the return drive roller 2220 in contact with the
opposite longitudinal edges 11, 12 of the enclosed belt conveyor 20 and by a lower guide
roller 32, arranged below the first one of the two opposite longitudinal edges 11. Again,
the idle roller 34 could also be a second return drive roller instead or the position of the

return drive roller 2220 and the idle roller 34 could be exchanged.

Driving both, the conveyor run drive roller 2120 and the return run drive roller 2220 with
the same predefined torque causes a constant movement of the enclosed belt conveyor
20, also when the enclosed belt conveyor 20 drives a along a curved path, as shown, for
example, in Fig. 2b. Fig. 2b shows a mobile haulage arrangement 1 comprising an en-
closed belt conveyor (not shown) for conveying fragmented material from the loading end
70 to the discharge end 80. The mobile haulage arrangement is arranged in inside bends
5, 7 and outside bends 6, 8.

In order to convey the fragmented material in the conveying direction 2, as indicated in
Fig. 2a, the enclosed belt conveyor 20 has to, for example, drive through inside bent 7
and outside bend 6 of the mobile haulage arrangement. Accordingly, when returning from
the discharge end 80 to the loading end 70, the enclosed belt conveyor 20 has to drive
inside bend 5 and outside bend 8. The inside bend 5 has a smaller bending radius than
the outside bend 6. Likewise, the inside bend 7 has a smaller bending radius than the
outside bend 8. In order to achieve a continuous movement of the enclosed belt conveyor
in this case, the enclosed belt conveyor has to drive through the outside bends 6 and 8
with an increased velocity compared to the movement in a substantially straight direction.
Further to that, the enclosed belt conveyor 20 has to drive through the inside bends 5 and

7 with a reduced velocity compared to the movement in substantially strait direction.
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Since the velocity that is effected by a predetermined torque depends on the radius of the
bending of the enclosed belt conveyor 20, the velocity is automatically adjusted to be
lower or higher when the enclosed belt conveyor drives through the left and right outside
and inside bending along the curved path. In particular, since the actuation of the con-
veyor drive roller 2120 and the return drive roller 2220 is torque-controlled, both drive
rollers will continue to apply this torque, even if the resulting velocity changes due to a
change in bending radius of the mobile haulage arrangement and, thus, a change in

direction of the enclosed belt conveyor 20.

In the example of Fig. 2b that means that the belt 10 of the conveyor run 21 is automati-
cally — by means of the torque in combination with a respective bending radius - actuated
to drive at a decreased velocity at the right inside bend 7 and to drive at an increased
velocity at the left outside bend 6. The belt 10 of the return run is also actuated, by the
bending radius of the inside and outside bends, to drive at a decreased velocity through

the left inside bend 5 and at an increased velocity through the right outside bend 8.

This way a continuous movement of the enclosed belt conveyor 20 can be achieved,
even in cases where the enclosed belt conveyor 20 has to drive along a curved path,
allowing for an adjustment of the velocity of each drive arrangement at each position of
the enclosed belt conveyor 20. In particular, this way it is possible to drive both, the belt
10 of the conveyor run 21 and the belt 10 of the return run 22 using the same drive ar-

rangement 2000.

Figure 33 shows a perspective view of a part of a drive arrangement 2000 for an en-
closed belt conveyor 20. The conveyor run of enclosed conveyor belt 20 is driven in the
conveying direction 2 by the drive assembly 2100. In this case, conveyor run drive 2120
is brought into friction contact with the front side of the two opposite longitudinal edges
11, 12 of the belt 10. A guide assembly 30 is provided upstream of the drive assembly.
The guide assembly 30 comprises a top guide roller 33 and a side guide roller 31. The
top guide roller 33 and side guide roller 31 are in friction contact with the enclosed belt
conveyor 20. They are used to guide the belt 10 of the enclosed belt conveyor 20 away
from the drive assembly 2100. During movement of the enclosed belt conveyor 20, top
guide roller 33 rotates around its center axis, which is substantially parallel to the ground
if the mobile haulage arrangement is provided in a basic operation position on a substan-
tially horizontal ground. Side guide roller 31 also rotates around its center axis, which is

substantially orthogonal to the ground if the mobile haulage arrangement is provided in a
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basic operation position on a substantially horizontal ground. Albeit not shown, a similar

arrangement is provided for the belt 10 of the return run 22.

Figs. 34-38 show a bridge structure 3000 of a mobile haulage arrangement. Fig. 38
shows a top view of the bridge structure 3000 with the bridge structure 3000 inclined

relative to the loading unit 700 and the cutting or mining device 4000.

The receiving fragmented material is conveyed via a conveyor 3320 of the bridge struc-

ture 3000 from the cutting or mining device 4000 to the loading unit 700.

The bridge structure 3000 is with its first end 3100 connected to the cutting or mining
device 4000 via a universal joint allowing for a rotational movement about a substantially
vertical axis and/or a rotational movement about one or two substantially horizontal axes
(in a basic operation position of the mobile haulage arrangement and the cutting or min-
ing device on a substantially horizontal ground), as can be seen in particular in Fig. 38.
An input chute 3310 is provided at the first end 3100 of the bridge structure 3000 to

prevent spillage of fragmented material.

The second end 3200 of the bridge structure 3000 provides the fragmented material via
an output chute 3330 to the loading unit 700. As can be seen from Fig. 38, also the
connection at the second end 3200 of the bridge structure 3000 allows at least for a
rotational movement about a substantially vertical axis (in a basic operation position of
the mobile haulage arrangement and the cutting or mining device on a substantially
horizontal ground). The second end 3200 of the bridge structure 3000 can also be re-

ferred to as trolley.
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List of Reference Numbers

1a

10

11

12

13

20

21

22

30

31

32

33

mobile haulage arrangement

mobile haulage arrangement alternative setup

conveying direction

opposite direction

fragmented material

left inside bend

left outside bend

right inside bend

right outside bend

belt

opposite longitudinal edge

opposite longitudinal edge

belt edge core

enclosed belt conveyor

conveyor run

return run

guide assembly

side guide roller

lower guide roller

top guide roller
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34

35

36

37

38

41

42

70

80

100

105

110

111

112

115

120

121

122

130

140

141

142
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idle roller

double guide assembly

full guide assembly

single guide assembly

half guide assembly

side guide mounting means

lower guide roller bearing

loading end of mobile haulage arrangement

discharge end of mobile haulage arrangement

transport unit

wheel unit

ground transportation structure of wheel unit

wheel

wheel

brake unit

ground transportation structure of wheel unit

wheel

wheel

support frame of wheel unit

height adjustment device of wheel unit

height adjustment support structure

height adjustment support structure
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150

151

152

160

170

205

210

211

212

213

215

216

220

221

225

226

227

230

240

241

242

250
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height adjustment device of wheel unit

height adjustment support structure

height adjustment support structure

connector of wheel unit

connector of wheel unit

crawler unit

ground transportation structure of crawler unit

crawler track

main crawler drive means

auxiliary crawler drive means

crawler drive

crawler chain

ground transportation structure of a crawler unit

crawler track

crawler spike

crawler spike

crawler spike

support frame of crawler unit

height adjustment device

height adjustment support structure

height adjustment support structure

height adjustment device
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251

252

260

270

280

300

400

500

510

511

512

513

514

515

540

541

542

543

560

570

580

600

CA 02971627 2017-06-20

-65-

height adjustment support structure

height adjustment support structure

connector

connector

operation unit

material transfer unit

material transfer unit

material transfer structure

base frame

first end of base frame

second end of base frame

lower side of second end of base frame

first, inclined section adjacent first end of base frame
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second, less inclined section adjacent second end of base frame

rolling means

return disc

return disc

roller

connector

loading arrangement

support rollers

material transfer structure
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610

611

612

613

614

615

616

617

618

619

620

640

641

642

643

660

670

700

800

1000

1001

1002
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base frame

first end of base frame

second end of base frame

lower side of second end of base frame

first, inclined section adjacent first end of base frame

second, less inclined section adjacent second end of base frame

part of base frame

part of base frame

hydraulic cylinder mounting element

translational movement in conveying direction

hydraulic cylinder

rolling means

return disc

return disc

roller

connector

discharge arrangement

loading unit

discharge unit

support structure

first end of support structure

second end of support structure
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1100

1101

1110

1120

1130

1200

1201

1210

1220

1230

1300

1320

1330

1500

1510

1520

1550

1600

1610

1620

2000

2100
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first end element

outer end of first end element

first end connector

inner connector of first end element

connecting pin of first end element

second end element

outer end of second end element

second end connector

inner connector of second end element

connecting pin of second end element

link element

inner connector of link element

inner connector of link element

first telescopic element

first telescopic mounting element

second telescopic mounting element

telescopic element control unit

second telescopic element

first telescopic mounting element

second telescopic mounting element

drive arrangement

conveyor drive assembly
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2110

2120

2200

2210

2220

2300

2500

2600

3000

3100

3200

3310

3320

3330

4000

A30

A31

A32

H11

H12

H13

L1
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conveyor drive unit

conveyor run drive roller

return drive assembly

return drive unit

return run drive roller

control unit

master drive arrangement

auxiliary drive arrangement

bridge structure

first end of bridge structure

second end of bridge structure

input chute of bridge structure

conveyor of bridge structure

output chute of bridge structure

cutting or mining device
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angle between side roller center axis and longitudinal belt edge

angle between longitudinal belt edge before and after side roller

engagement

angle between virtual tangential lines

height direction

height of second end element

height of link element

length of mobile haulage arrangement
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L1a

L5

L6

L7

L8

L10

L11

L12

L13

R1

R2

R3

R4

W1

W11

W12

W13

XE

XS
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length of mobile haulage arrangement alternative setup

length of material transfer structure

length of material transfer structure

length of loading unit

length of discharge unit

length of support structure

longitudinal direction

length of second end element

height of link element

radius

radius

radius

radius

width between belt edge core and belt edge

width direction

width of second end element

width of link element

center axis

center axis
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Claims

1. A transport unit for a mobile haulage arrangement arranged to continuously convey frag-
mented material in a conveying direction, the transport unit comprising:

two ground transportation structures arranged for movement along the conveying
direction;
a support frame connecting the two ground transportation structures and suitable for
fitting a belt of an enclosed belt conveyor thereunder; and
each of the two ground transportation structures comprising at least one height ad-
justment device;
wherein the support frame comprises at least one connector connecting a support
structure thereto; and
wherein each of the height adjustment devices is arranged to vary a position of at
least a portion of the support frame in relation to one or both of the ground transpor-
tation structures, wherein the transport unit is arranged such that a longitudinal ex-
tension of the support frame is parallel to a longitudinal extension of each of the two
ground transportation structures, independent from a position of the height adjust-
ment devices, the transport unit being arranged such that the support frame has no
relative movement in a longitudinal direction in relation to the two ground transporta-

tion structures, independent from a position of the height adjustment devices.

2. The transport unit according to claim 1,

wherein the support frame comprises two connectors, wherein each of the connectors is

arranged to connect a support structure thereto.

3. The transport unit according to claim 1 or claim 2,

wherein the transport unit is a crawler unit and the two ground transportation structures
are crawler tracks, wherein the transport unit comprises at least one crawler drive for

driving the crawler tracks.

4. The transport unit according to claim 1 or claim 2,

wherein the transport unit is a wheel unit and the two ground transportation structures
each comprise at least one wheel, wherein the transport unit comprises a brake unit for

braking the at least one wheel.
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The transport unit according to any one of claims 1 to 4,
wherein the height adjustment devices are hydraulic cylinders arranged in a vertical di-
rection.

The transport unit according to any one of claims 1 to 5,
wherein an extension of the support frame in the conveying direction is smaller than an
extension of one or both of the ground transportation structures in the conveying direc-

tion.

The transport unit according to any one of claims 1 to 6,
wherein at least one guide assembly is arranged to engage opposite longitudinal edges

of a belt of an enclosed belt conveyor.

The transport unit according to any one of claims 1to 7,
wherein at least one drive arrangement is arranged to drive the belt of an enclosed belt

conveyor.

The transport unit according to any one of claims 1 to 8,

wherein the transport unit comprises a hydraulic valve block.

The transport unit according to any one of claims 1 to 9,

wherein the transport unit comprises an energy supply unit for providing electric energy.

A material transfer unit for a mobile haulage arrangement arranged to continuously con-
vey fragmented material in a conveying direction, the material transfer unit comprising a
transport unit according to any one of claims 1-10, and

a material transfer structure arranged at the transport unit, the material transfer structure
including a base frame having a first and second end, a plurality of guide assemblies ar-
ranged to engage opposite longitudinal edges of a belt of an enclosed belt conveyor, and
a rolling device arranged to turn the belt between a conveyor run and a return run ar-
ranged at the second end of the base frame, wherein the plurality of guide assemblies is
arranged on the base frame for opening and/or closing the conveyor run and/or the return
run of the belt between the first end and the second end of the base frame, the conveyor
run and the return run being positioned substantially at a same level at the first end of the

base frame.

Date Regue/Date Received 2021-06-11
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