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Mobile unit and method of conveying material and removing dust

Field of invention

The present invention relates to handling of dust-laden air in a mine tunnel and particularly
to a mobile unit for a mine tunnel comprising a dust extraction system and a method of

conveying material and removing dust in a mine tunnel.

Background art

Conventional approaches on extraction of dust generated in the mining process include a
use of exhaust tubing in combination with a stationary dust extractor. The dust extractor
generates a negative pressure and causes dust-laden air to be collected through the exhaust
tubing, which typically is rigid (so to withstand the negative pressure) and has a rather
large diameter (to allow passage of a large enough air volume). In the process of further
developing the tunnel, as the working face proceeds, the mining equipment is successively

also brought forward, while eventually the tubing for the dust-laden air is also extended.
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Typically, a mining access or production tunnel is developed having a profile between 4x4
m and 5x5 m. When the work on the tunnel is complete, the overall dust collection
arrangement (in particular the tubing) is removed, so that there is sufficient clearance also
for removal of the mining equipment from the working face (e.g. to a new location). The

rigid tubing might otherwise not allow passage of the mining equipment.

There are also arrangements for transport of dust-laden air with positive pressure and
flexible tubing, while these require the installation of additional ventilators on or near the
mining machine that blow the required airflow to the filter direction. Such arrangement
demands extra power and space. Still, similar problems to those of the rigid tubing apply

also for these arrangements.

In a situation where the intended tunnel is rather long, the ratio of time of production
(during which the mining equipment needs not to be removed from the working face) and
the time needed for disassembling the dust collection arrangement is of such nature that the

latter time is — if at all — only of minor concern.

In situation, however, where there are only rather short tunnels, e.g. branching off of a
main tunnel, or where there would be a need or desire for replacing or exchanging the
mining equipment rather frequently, the above mentioned ratio becomes smaller, so that
the effort and time needed for disassembling the dust collection arrangement becomes of

concern.

Summary of the Invention

It is an object of the present invention to provide an alternative to the conventional
approach discussed above, which allows a removal or replacement of mining equipment
from a working face of a tunnel without unduly limiting the size (in particular the cross
section) of the mining equipment or without an unduly excessive cross section of the

tunnel.
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According to a first aspect, the object is solved by a mobile unit for a mine tunnel as
defined in claim 1, namely a mobile unit comprising a conveying system having a first and
a second transfer area, and a dust extraction system, wherein the conveying system is
arranged to receive mined material in the first transfer area, to convey the received mined
material to the second transfer area and to dispense the received and conveyed mined
material at the second transfer area, wherein the dust extraction system is arranged to
receive dust-laden air, to extract dust from the dust-laden air and to discharge air from
which dust is extracted, wherein the mobile unit further comprises a first and/or a second
dust collector for collecting dust-laden air from the first and/or second transfer area,
respectively, with the first and/or second dust collector being arranged to supply the

collected dust-laden air to the dust extraction system for dust extraction.

In the conventional arrangement as discussed above, a truck or another means for
transporting the mined material may directly approach the mining equipment. The present
invention allows for the dust extraction system to be arranged between the mining
equipment and the truck or transport means, as the conveying system allows for receiving
and dispensing mined material in such way that the dust extraction system does not block

the flow of material.

The dust collector(s) provide(s) that additional dust occurring at the first and/or second
transfer area is also brought — in the form of dust-laden air — to the dust extraction system,

so the additional transfer point(s) do not (significantly) counteract the dust extraction.

The mobile unit, furthermore, can be repositioned in accordance with the respective need
of the mining process, e.g. can be forwarded so to follow the mining equipment in its
progress or can be removed so to make way for a removal (or replacement) of the mining

equipment.

The mobile unit has also a slim design, i.e. not requiring much space. It is also power

efficient, thus less power is consumed in comparison to conventional arrangements.
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According to a further aspect, in alternative to or in combination with the above, the object
is solved by a mobile unit as defined in claim 11, namely a mobile unit comprising a
conveying system having a first and a second transfer area and a dust extraction system,
wherein the conveying system is arranged to receive mined material in the first transfer
area, to convey the received mined material to the second transfer area and to dispense the
received and conveyed mined material at the second transfer area, wherein the dust
extraction system is arranged to receive dust-laden air, to extract dust from the dust-laden
air and to discharge air from which dust is extracted, wherein the dust extraction system

includes a dry filter unit for dust extraction.

In some conventional moveable or mobile mining equipment, wet filter systems are
provided as parts of the equipment itself. It was realized by the inventors that in the context
of the invention, i.e. in an arrangement of a conveying system and a dust extraction system
provided in combination, advantageously a dry filter unit may be used instead of known

wet filters in other mining equipment.

In a preferred embodiment, the mobile unit further comprises a heat exchanger arranged
for being connected to an external unit, the external unit being external to the mobile unit,
wherein the heat exchanger is arranged to receive a fluid having a first temperature from
the external unit, to cause a heat transfer from the fluid to air flowing inside the dust
extraction system and to return the fluid having a second temperature lower than the first

temperature to the external unit.

The flow of either dust-laden air or air from which dust is extracted in or around the dust
extraction system allows for a transport also of heat, so that a heat exchanger can transfer
heat received from the external unit (e.g. via a cooling liquid like water or oil) to the
flowing air, such that the transferred heat is transported away by the air. The heat
exchanger is preferably arranged such that heat is transferred to the air from which dust is
(at least partially) already extracted, allowing for a higher efficiency and avoiding
interacting between the dust and the heat exchanger (e.g. avoiding or at least reducing
clogged ducting, abrasion, or other potential damage). Known heat exchangers, which are,

for example, used in mining environments in an air stream generated by an axial ventilator,
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may be used without need for much modification, other than placing the heat exchanger in

the air flow of the dust extraction system instead of that of the ventilator.

According to a further preferred embodiment, the dust extraction system includes a fan

unit, a filter unit and a diffuser unit.

The fan unit may suck air through the filter unit and/or push air into the filter unit, while
the diffuser unit directs the air into a desired direction, together with forming a desired

flow profile, for example to allow for an exchange with fresh air supplied by the mine.

The diffuser unit is preferably on the downstream side of the arrangement, providing a
direction to the discharged air so not to disturb the overall mining operation. A way to
preserve and extend the lifetime of the fan unit is to locate the filter unit upstream to the
fan unit, so that the fan unit operates with a clean(er) air ambience. Provided that, however,
the fan unit is resistant to the dust in the dust-laden air, the order of fan unit and filter unit
may also be reversed. It is additionally possible to provide multiple instances of either of

the units in series.

According to a preferred variant of the above embodiment, the fan unit includes at least

one of a radial fan, an axial fan and a silencer.

The details of the fan may be selected in accordance with the particulars of the
environment in which the mobile unit is used, while the silencer contributes to a noise
reduction, thereby allowing for a reduced stress on any personnel in the vicinity of the

mobile unit.

According to a preferred variant of the above embodiment, the filter unit is a dry filter unit.

While in some conventional moveable or mobile mining equipment, wet filter units are
provided in "on board" mobile applications, this does not apply to dry filters, as dry filters
are conventionally considered as demanding to much space, so that dry filter are provided

only in stationary applications.
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A significant advantage of dry filters, however, lies in the potentially higher efficiency of
dust removal (almost 99,999%), having capacity that is higher than the wet filter dust
removal capacity. Another aspect are limitations to wet filters in terms of dust
concentration levels and the need for a liquid (typically water) in the dust extraction
process, which, however, can typically not be completely removed from the discharged air.
In other words, there are environments where the use of a wet filter is not even possible

due to process or environmental conditions.

In a further preferred embodiment, the first and second dust collectors each include a

channel for at least partially enclosing the first and second transfer area, respectively.

Such channel defines an area around the transfer area, from which the respective dust
collector, e.g. by means of negative pressure, collect the dust-laden air, while the channels
furthermore ensure that dust-laden air reaches the dust collector. The channel is a partially
enclosed passage. The walls, i.e. the limitations to create the channel may be rigid or
flexible, e.g. a box shaped enclosure made of steel or a curtain made of rubber hung on a

cable.

A possible form for the dust collectors (possibly including the curtains, steel boxes or

similar elements) may be an inverted U-form or gate form.

The skilled person will appreciate that designing the forms (the first and second dust
collector may be designed differently), in particular with the aim of an improved air
velocity and good dust absorption capacity, may be done using computerized fluid
dynamics simulations, i.e. by adapting the design to the particular needs of each

implementation.

According to a further preferred embodiment, the dust extraction system is arranged for

being connected to an exhaust channel for receiving dust-laden air.
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While the dust extraction system, in principle, may collect dust-laden air from a general
area (e.g. in front of the mobile unit), it is beneficial to provide a forced transfer of dust-
laden air from its point of origin (i.e. the working face or the head of the mining
equipment) to the dust extraction system, while the means for such forced transfer may
already be provided in conventional mining equipment in case such equipment is arranged
to connect to a tubing for transporting the dust-laden air to a conventionally known

stationary dust extraction system.

In a further preferred embodiment, the second transfer area is arranged for a dispensing of

mined material to a truck.

The present invention is not limited to dispensing material to a truck, as, for example, also
a further conventional conveying system may be provided for further transporting the

mined material. Transport by truck, however, gives the benefit that there is no or only little
need for further equipment to be removed, for example, in case the mining equipment is to

be removed from the working face.

In a preferred embodiment, the mobile unit further comprises an undercarriage allowing a

movement of the mobile unit.

The undercarriage may be self-propelled or passive (i.e. not provided with a drive of its
own) and allows for an easy and convenient mobility of the mobile unit. Alternatively, the
mobile unit may be arranged for being picked-up (e.g. raised up by a jack and moved
away) or may include other means for movement, e.g. a slide, a skid or the like. Even
though, in particular in terms of ease of handling, a mobility of the mobile unit by itself is
preferred, the term “mobile unit” is to be understood as also including units without an
undercarriage or a slide or a skid, as long as such unit can be handled and moved in the

confines of a mining tunnel without need for major dissembling.

According to a further preferred embodiment, the dust extraction system is arranged in

parallel to the conveying system and arranged to receive dust-laden air from an area
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forward to the first transfer area and to discharge air from which dust is extracted to an

area rearward of the second transfer area.

Preferably, the general direction of the flow of air through the dust extraction system and
the direction of the transport of mined material in or on the conveying system coincide (i.e.
are parallel), so that the conveying system and the dust extraction system are arranged next

to each other and thus share the cross section of the available space.

According to a further aspect, the object is solved by a method of conveying material and
removing dust in a mine tunnel as defined in claim 12, namely a method comprising the
steps of moving a mobile unit having a conveying system and a dust extraction system in
the mine tunnel such that a first transfer area of the conveying system is located to receive
mined material from a mining machine, receiving, by the conveying system, mined
material in the first transfer area, conveying, by the conveying system, the received mined
material to a second transfer area of the conveying system, dispensing the received and
conveyed mined material at the second transfer area, receiving, by the dust extraction
system, dust-laden air from an area of the mining machine, extracting dust from the dust-
laden air, and discharging air from which dust is extracted, wherein the method further
comprises collecting dust-laden air from the first and/or second transfer area, respectively,

and supplying the collected dust-laden air to the dust extraction system for dust extraction.
As to the advantages, preferred embodiments and details of the method and its preferred
embodiments, reference is made to the corresponding aspects and embodiments described

above with respect to the cutter assembly.

Brief description of the drawings

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 unit according to an embodiment of the

invention;
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Fig. 2: shows a side elevation of the mobile unit illustrated in Fig. 1;

Fig. 3: shows a perspective view of the mobile unit shown in Fig. 1 and 2 together with a
mining machine and a truck;

Fig. 4: shows a schematic illustration of a mobile unit according to another embodiment
of the invention and

Fig. 5: shows a flow diagram of a method of conveying material and removing dust in a

mine tunnel in accordance with another embodiment of the invention.

Description of the invention

Fig. 1 shows a perspective view of a mobile unit 10 according to an embodiment of the

invention.

The mobile unit 10 includes a dust extraction system 25, which is arranged in parallel to a
conveying system (not shown in this perspective view, see Fig. 4). The dust extraction
system 25 includes a connector 65 to an exhaust channel of a mining machine (see Fig. 3),
a fan unit 40, a filter unit 45 and a diffuser unit 50, arranged in this order along a

longitudinal axis of the mobile unit 10.

The mobile unit 10 is further provided with an undercarriage 70, which allows independent
movement of the mobile unit 10. The conveying system has a first transfer area 15, located
in the forward direction of the mobile unit 10, i.e. close to the mining machine (see Fig. 3)
and a second transfer area 20, arranged on a rearward side of the mobile unit 10. The first
and second transfer area 15, 20 are, respectively, housed in a first dust collector 30 and a
second dust collector 35, which enclose the areas 15, 20 by means of channels 55, 60. The
first and second dust collector 30, 35, respectively, are provided such that they, by means
of negative pressure, collect dust in the first and second transfer area 15, 20, wherein the
resulting dust-laden air is forwarded by the first and second dust collector 30, 35 to the

dust extraction system 25.

Fig. 2 shows a side elevation of the mobile unit 10 illustrated in Fig. 1.
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As it can be seen, for example, from Fig. 2, the mobile unit 10 rests on the undercarriage
70, which allows a movement of the mobile unit 10 by means of wheels provided on the

undercarriage.

In the arrangement of Fig. 2, the mining machine (see Fig. 3) is provided on the left side
and provides mined material to the first transfer area 15, while furthermore providing dust-
laden air to the connector 65 of the dust extraction system 25. It is not necessarily the case
that the channels 55, 60 extend all the way down to the ground level on which the wheels
of the undercarriage 70 rest, as long as the channels 55, 60 or more generally the dust
collectors 30, 35 sufficiently collect dust generated at the first and second transfer area 15,

20.

The second transfer area 20 is provided on the right side of the arrangement shown in Fig.
2 and is arranged to receive any kind of container such as a truck, into which the mined

material is dispensed from the conveying system (see Fig. 3 or Fig. 4).

Fig. 3 shows a schematic illustration of a mobile unit 10 as shown in Figs. 1 and 2 together

with a mining machine 75 and a truck 80.

As illustrated in Fig. 3, the mobile unit 25 is provided between the mining machine 75 and

the truck §0.

The mining machine 75 provides mined material to the first transfer area 15, where the
mined material is received by the conveying system and forwarded to the second transfer

area 20, where the mined material is dispensed by the conveying system to the truck 80.

In parallel, dust-laden air is collected by the mining machine 75 in a conventional manner
and is forwarded via an exhaust channel 115 of the mining machine 75 and the connector

65 to the dust extraction system 25.

In the dust extraction system 25, dust is extracted or removed from the air and air, from

which dust is extracted, is discharged through the diffuser unit 50.
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By means of tubing 85 and/or channels 90, fresh air is provided by the mine to the area of

the vicinity of the mobile unit 10.

Fig. 4 shows a schematic illustration of a mobile unit 10 according to another embodiment

of the invention.

As it can be seen from Fig. 4, in the mobile unit 10, a fan unit 40, a filter unit 45 and a
diffuser unit 50 of a dust extraction system are provided in parallel to a conveying system

95 having a first and a second transfer area 15, 20.

The conveying system 95 receives mined material at the first transfer area and dispenses
the mined material received at the second transfer area 20, as it is illustrated by the dotted
arrows in Fig. 4. In Fig. 4, only the second transfer area 20 is provided with a dust collector

35, wherein channels 60 enclose the transfer area 20.

The dust collector 35 is arranged to forward dust-laden air collected and the second
transfer area 20 to the dust extraction system, more specifically to a connector 65 of the

dust extraction system.

At the connector 65, the dust extraction system receives dust-laden air, not only from the
dust collector 35 but also from the mining machine (see Fig. 3). The air passes through the
fan unit 40, which includes an axial fan 105 and a silencer 110. Further, the dust-laden air
reaches the filter unit 45, where dust is removed and extracted from the air. The filter unit
45 is furthermore provided with a heat exchanger 100, which is used for cooling parts of
the mining machine, as illustrated by the double headed arrow in Fig. 4. Eventually, the air,
from which dust is extracted, reaches the diffuser 50, where the air is discharged from the
dust extraction system, while the combination of diffuser unit 50 and channel 60 provides a

direction of the discharged air as illustrated in Fig. 4.

Fig. 5 shows a flow diagram of a method of conveying material and removing dust in a

mine tunnel in accordance with another embodiment of the invention.
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In a first step 200 of the method of conveying material and removing dust, a mobile unit
according to the invention, i.e. having a conveying system and a dust extraction system, is
moved in the mine tunnel to a location such that a first transfer area of the conveying

system can receive mined material from a mining machine.

In a first “branch” of the method, by the conveying system, mined material is received
(step 205) in the first transfer area, followed by a conveying step 210 of conveying the
received mined material to a second transfer area of the conveying system, where, in step

215, the received and conveyed mined material is dispensed.

In parallel, i.e. a second “branch” of the method, the dust extraction system receives, in
step 220 dust-laden air from an area of the mining machine. In an extraction step 225, dust
is extracted from the dust-laden air, wherein air, from which dust is extracted, is

discharged in step 230.

Further, the method includes a step of collecting (step 235) dust-laden air from the first
and/or second transfer area, respectively, and a step of supplying (step 240) the collected

dust-laden air to the dust extraction system for dust extraction (step 225).

It is to be noted that the processes illustrated here are typically continuous processes, so

that in an actual implementation basically all of steps 205 to 240 occurs simultaneously.

In small cross sections, where a cutting machine could not tram back underneath
conventional rigid exhaust tubing, an embodiment of the invention allows for an
alternative approach in that, for example, a mobile dust extraction unit is positioned
directly behind the cutting machine which can tram out of the heading in case of the need
for a place change of the cutting machine. The mobile unit in this example includes a
mobile dust extractor unit, an axial or radial fan unit, an air discharge diffuser, an
integrated conveyor to transfer the cut material from the machine to a truck, integrated dust

collection boxes to extract the dust from the conveyor discharge to the truck, and an
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undercarriage for independent tramming, wherein there is provided an integration of

cooling units for the mining machine into the air discharge diffuser of the dust extractor.

Further, in the example, the dust extractor (including the fan and a diffuser for discharging
the clean(ed) air) is equipped with an undercarriage for tramming to be able to move out of
a heading together with the mining machine. The diffuser for discharging the clean(ed) air
is directed towards a sidewall of the heading in order to allow an exchange with the fresh
air supply which is provided by the mine at the opposite side of the heading by a flexible

ventilation tubing or via an air channel.

In this mobile unit a conveyor is integrated in order to transfer the cut material from the

mining machine in front of the dust extractor to a truck which is positioned behind the unit.

In the discharging part of this transfer-conveyor, a dust collection box to extract the dust
from the conveyor discharge to the truck is integrated. Suction devices create an under

pressure in this area to collect the dust which is directly fed into the dust extractor unit.

Although in the figures, the above discussed aspects are shown in combination, the

different aspects described herein also can be applied separately.
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List of Reference Signs
10 mobile unit
15 first transfer area
20 second transfer area
25 dust extraction system
30 first dust collector
35 second dust collector
40 fan unit
45 filter unit
50 diffuser unit
55 channel
60 channel
65 connector to exhaust channel
70 undercarriage
75 external unit / mining machine
80 truck
85 fresh air pipe
90 fresh air channel
95 conveying system
100 heat exchanger
105 axial fan
110 silencer
115 exhaust channel
200 moving
205 receiving mined material
210 conveying mined material
215 dispensing mined material
220 receiving dust-laden air
225 extracting dust
230 discharging air
235 collecting dust-laden air

240 supplying dust-laden air

PCT/EP2016/070481



10

15

20

25

30

WO 2018/041348 PCT/EP2016/070481
15

Claims

1. A mobile unit (10) for a mine tunnel, comprising:

a conveying system (95) having a first and a second transfer area (15, 20), and

a dust extraction system (25),

wherein the conveying system (95) is arranged to receive mined material in the
first transfer area (15), to convey the received mined material to the second transfer area
(20) and to dispense the received and conveyed mined material at the second transfer area
(20),

wherein the dust extraction system (25) is arranged to receive dust-laden air, to
extract dust from the dust-laden air and to discharge air from which dust is extracted,

wherein the mobile unit (10) further comprises a first and/or a second dust
collector (30, 35) for collecting dust-laden air from the first and/or second transfer area
(15, 20), respectively, with the first and/or second dust collector (30, 35) being arranged to

supply the collected dust-laden air to the dust extraction system (25) for dust extraction.

2. The mobile unit (10) according to claim 1, further comprising

a heat exchanger (100) arranged for being connected to an external unit (75), the
external unit(75) being external to the mobile unit (10),

wherein the heat exchanger (100) is arranged to receive a fluid having a first
temperature from the external unit, to cause a heat transfer from the fluid to air flowing
inside the dust extraction system and to return the fluid having a second temperature lower

than the first temperature to the external unit.

3. The mobile unit (10) according to claim 1 or 2, wherein the dust extraction system

(25) includes a fan unit (40), a filter unit (45) and a diffuser unit (50).

4, The mobile unit (10) according to claim 3, wherein the fan unit (40) includes at

least one of a radial fan, an axial fan (105) and a silencer (110).

5. The mobile unit (10) according to claim 3 or 4, wherein the filter unit (45) is a dry

filter unit.
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6. The mobile unit (10) according to any one of the preceding claims, wherein the
first and second dust collectors (30, 25) each include a channel (55, 60) for at least partially

enclosing the first and second transfer area (15, 20), respectively.

7. The mobile unit (10) according to any one of the preceding claims, wherein the
dust extraction system (25) is arranged for being connected to an exhaust channel (115) for

receiving dust-laden air.

8. The mobile unit (10) according to any one of the preceding claims, wherein the

second transfer area (20) is arranged for dispensing of mined material to a truck (80).

9. The mobile unit (10) according to any one of the preceding claims, further

comprising an undercarriage (70) allowing a movement of the mobile unit (10).

10. The mobile unit (10) according to any one of the preceding claims, wherein the
dust extraction system (25) is arranged in parallel to the conveying system (95) and
arranged to receive dust-laden air from an area forward of the first transfer area (15) and to
discharge air from which dust is extracted to an area rearward of the second transfer area

(20).

11. A mobile unit (10) for a mine tunnel, comprising:

a conveying system (95) having a first and a second transfer area (15, 20), and

a dust extraction system (25),

wherein the conveying system (95) is arranged to receive mined material in the
first transfer area (15), to convey the received mined material to the second transfer area
(20) and to dispense the received and conveyed mined material at the second transfer area
(20),

wherein the dust extraction system (25) is arranged to receive dust-laden air, to
extract dust from the dust-laden air and to discharge air from which dust is extracted,

wherein the dust extraction system (25) includes a dry filter unit (45) for dust

extraction.
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12. A method of conveying material and removing dust in a mine tunnel, comprising
the steps of:

moving (200) a mobile unit (10) having a conveying system (95) and a dust
extraction system (25) in the mine tunnel such that a first transfer area (15) of the
conveying system (95) is located to receive mined material from a mining machine (75),

receiving (205), by the conveying system (95), mined material in the first transfer
area (15),

conveying (200), by the conveying system (95), the received mined material to a
second transfer area (20) of the conveying system (95),

dispensing (215) the received and conveyed mined material at the second transfer
area (20),

receiving (220), by the dust extraction system (25), dust-laden air from an area of
the mining machine (75),

extracting (225) dust from the dust-laden air, and

discharging (230) air from which dust is extracted,

wherein the method further comprises collecting (235) dust-laden air from the
first and/or second transfer area (15, 20), respectively, and

supplying (240) the collected dust-laden air to the dust extraction system (25) for

dust extraction (225).
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