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ABSTRACT

The present disclosure provides an apparatus for forming

an underground tunnel. The apparatus comprises a cutting

head for removing material from a wall portion of the

tunnel and thereby forming a portion of the tunnel.

P

Further, the apparatus comprises a support structure for

supporting a previously formed portion of the tunnel. The

support structure is arranged to provide a supporting

F

force against a surface of the tunnel when stationary and

when being moved along the tunnel. Further, the apparatus

comprises a conveyor for conveying removed material from

the cutting head to a location remote from the cutting

head during formation of the portion of the tunnel.
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AN APPARATUS FOR FORMING AN UNDERGROUND TUNNEL

FIELD OF THE INVENTION

The present invention relates to an apparatus for forming

an underground tunnel.

BACKGROUND OF THE INVENTION

W —

vvw -

Structures for supporting the inner surface of a mining

tunnel, particularly the roof, have been used for some

time. These structures prevent tunnels from caving-in due

to forces exerted on the tunnel by the surrounding

environment .

A section of the tunnel is cut by a cutting head, which is
then stopped and the support structure 1s erected.
Consequently, typilcal machinery for cutting mining tunnels

operates 1n a “start-stop” fashion.

The start-stop procedure of driving a tunnel continues as

the tunnel 1s being progressed. Positioning and adjusting

of exlsting support structures is also required and can be

very time consuming.

Further, the accumulation of'cut material in the tunneil
also slows down the cutting of the tunnel. Once a section

OL the tunnel 1s cut, the cutting machinery is stopped and

Che accumulated cut material is moved away.

There 1s a need for technological advancement.
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SUMMARY OF THE INVENTION

r— VAT GV N PP

The present invention provides in a first aspect an

apparatus for forming an underground tunnel, the apparatus

comprising:

a cutting head for removing material from an

end-face of the tunnel and thereby forming a further

portion of the tunnel, the cutting head comprising an

electric or hydraulic motor;

machinery for operating the cutting head belng at

least partially positioned at a location remote from the

-

cutting head;
a member coupled to the cutting head and arranged

to push the cutting head against the end-face of the

tunnel during removal of the material;

a support structure for supporting a previously

formed portion of the tunnel by providing a supporting

force against a surface of the tunnel, the support

structure being arranged to move along the tunnel while

maintaining the supporting force during formation of the

further portion of the tunnel; and

a conveyor for conveying removed material to a

location remote from the cutting head during formation of

the further portion of the tunnel;

wherein the cutting head is arranged, and at
least a portion of the machinery 1s positioned, so that a
space 1s provided at or immediately behind the cutting

head so that the support structure, or a portion thereotf,

during removal of the material by the cutting head, is

movakble to a position immediately behind the cutting head,
wilithout restricting movement of the cutting head 1n a
direction that is transversal to a direction of movement

of the support structure or the portion thereof, and
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wherein the cutting head is movable independently form the
support structure and during removal of the material 1in a
direction into the tunnel and the support structure 1s

arranged to move into the tunnel in response to and during

progression of the tunnel.

Throughout this specification the term “cutting head” 1is

used to refer broadly to a head that 1s arranged for

removing the material by drilling, grinding, cutting, oxr

any other suiltable technique.

Throughout this specification the term “tunnel” 1s used

[ -

for any type of tunnel also including a branch tunnel,

such a tunnel that branches off ancther tunnel.

The underground tunnel typically is not in an open pit
environment however the tunnel may commence in an open pit
environment and may be located many tens, a nundred oOr

even more metres below a ground plane. The tunnel may for

example be a roadway. The tunnel may be formed in hard

earth, rock, coal or an ore.

The apparatus typically 1s arranged to form a tunnel

having a cross-sectional area of the ordexr of 10 to 25m°.

The member may comprise a hydraulic arrangement and

typically is provided in the form of a “push beam”. The

member typilcally comprises an anchoring structure that in

use provides a basis for pushing the cutting head against

the end-face of the tunnel. Alternatively, the support

structure may comprise a mount for mounting the member.

The member typically 1s arranged so that the cutting head

18 movable independently from the support structure in a
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direction along the underground tunnel.

Further, the cutting head typically is arranged, and at
least a portion of the machinery 1is positioned, so that a
space 1s provided at or immediately behind the cutting
head in a manner such that the probability that

accumulated cut material requires interruption of tunnel

formation 1s reduced.

The apparatus typically 1s arranged so that 1in use the

support structure, or a portion thereof, during removal of

the material by the cutting head, is movable to a position

immediately behind a coupling of the cutting head within
0.5 - 5 m of the cutting head, without restricting
movement of the cutting head in a direction that 1is
transversal to a direction of movement of the support

structure oxr the portion thereof.

In one specific embodiment the conveyor 1s arranged to

enable conveying of the removed material along the tunnel

to a sultable location in a manner such that inhibiting of

formation of the portion of the tunnel, or the entire

tunnel, due to accumulated removed material i1is avoided.

The support gstructure typically comprises a void area
through which 1n use the removed material ig transported.

In one example, a portion of the member and/or a portion

-

of the conveyor are positioned within the void area.

The apparatus typically 1s arranged so that in use removed

materlial is continuously conveyed away from the cutting

head.
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The support structure may comprise a plurality ot

supporting parts, such as a series of the supporting

parts. Each supporting part typically 1s arranged to

exert a supporting force and move along the surface 1in a
manner such that the supporting force is maintained during

movement relative to the surface of the tunnel.

Each supporting part typically comprises a drive and

typically is drivable, either automatically controlled by

a distance measurement device or manually controlled by a

driver.

The apparatus may comprise a device for placing support

bolts. Further, the apparatus may be arranged so that the

formation of the tunnel does not have to be interrupted

for the placement of the bolts. Each support part
typically is arranged so that support bolts may be placed

at or near the location of the support part and during

movement of the support part.

The supporting parts typically are spaced apart from each

other at a distance which permits support bolts to pass

there between.,

Throughout this specification, the term “bolt” {and

varlations therxreof) is used to refer to a member, such as

a steel member, that 1s put 1n place to provide a

permanent support for the surface of the tunnel.

The apparatus according to embodiments of the present

1nvention provides a supporting force, conveys material

away from the cutting head and 1s arranged for placing

support polts during formation of the tunnel and during
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movement of the apparatus along the tunnel. Consequently,
time delay associated with the “start-stop” progression

technique of known apparatus can be avoided or reduced and

the apparatus according to embodiments of the present

invention enables formation of the tunnel at relatively

high average speed.

The apparatus may comprise a coupling that couples the

cutting head to a portion of the apparatus, typically the

member, and that comprises an arrangement, such as a

hydraulic arrangement, that enables pivoting the cutting

head relative to the portion of the apparatus.

The apparatus may be arranged for pivoting the cutting

head 1n a horizontal plane. In addition, the apparatus may

be arranged for pivoting the cutting head in a vertical
plane or 1in any other plane. Consequently, the apparatus
according to an embodiment of the present invention
provides the advantage that non-straight sections of the

tunnel can be formed.

The conveyor typically comprises conveyor elements that

are movable relative to each other and typically are
pivotable relative to each other. For example, a first

conveyor element may comprise a portion that overlaps a

portion of an adjacent second convevor element and that is
1n use positioned behind the first conveyor element during
forming of the tunnel. In one specific embodiment the
conveyor comprises a series of conveyor elements and each
conveyor element has a portion that is overlapped with a

portion of an adjacent conveyor element.

In one specific embodiment of the present invention at
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least a portion of the machinery for operating the cutting

head is in use positioned at a location remote to the

cutting head, for example at a distance of up to 5m, 10m,

S0m, 100m or more along the tunnel behind the cutting

head.

In one example, the cutting head is driven by a hydraulic

motor or an electric motor that may be positioned in oOr
adjacent the cutting head. A device for generating the
hydraulic pressure for operating the hydraulic motor
and/or the hydraulic arrangement for pushing the cutting
head typically 1s in use positioned at the position remote
from the cutting head, such as 5m, 10m, 50m, 100m OrX more
along the tunnel behind the cutting head. Consequently,

the apparatus according to embodiments of the present

invention provides the advantage of increased space alt the

cutting head or immediately behind the cutting head, which

further reduces the probability that accumulated cut

material requires a “stop” during formation of the tunnel

thus increasing space to facilitate use of higher

efficiency driving eguipment including automatic bolters.

Each of the supporting parts may comprise spaced apart

wheelg, a belt mounted on the wheels and guides arranged
to retain the belt on the wheels. The support structure

may be arranged to exert the supporting force against a

roof and/or a side of the tunnel.

The member may comprise an interior that 1is enclosed at

side and top portions and may also comprise a closed

——ly

bottom portion. The member may be arranged for conveying
cut material away from the cutting head through the

interior of the member.
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The apparatus may comprise a ventilation system that uses

the member as a duct for sucking or blowing gases and dust

from a workplace or cutting face and wherein the apparatus

5 may be arranged for ventilating a workplace using the

ventilation system.

The apparatus may be arranged for introducing explosion

prevention materials into the interior of the member
10 during conveying of the cut material through the interior

Oof the member.

The apparatus may comprise a steering unit for steering at

least one of the cutting head, the member and a pushing

15 unit for pushing the member.

The present invention provides in a second aspect a method

of forming an underground tunnel, the method comprising:

pushing a‘cutting head against an end-face of the

20 underground tunnel;

removing material from the end-face of the

underground tunnel using the cutting head and thereby ;

moving the cutting head into the tunnel as

formation of the tunnel progresses;
25 supporting a previously formed portion of the
underground tunnel using a support structure, the support

structure being arranged to provide a supporting force

during movement of the support structure along the tunnel

including a position immediately behind the cutting head

3¢  without restricting movement of the cutting head in a

direction that i1s transversal to direction of movement of

the support structure or the portion thereof;

moving the support structure along the tunnel
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during removal of the material by the cutting head; and

conveying removed material to a location remote

from the cutting head during formation of the underground

tunnel.,

The movement of the cutting head typically is independent

from the movement of the support structure.

The step of supporting the previously formed portion of
10 the underground tunnel using a support structure,

typically comprises providing the supporting force during

movement of the support structure along the tunnel

including a position within 0.5 - 5 m behind the cutting
head.

15

The method typically comprises pushing the cutting head

against the end-face of the underground tunnel using a

member, such a as a push beam, that may be anchored at the

tunnel. The method typically comprises moving the cutting
20 head relative to an anchoring of the member using a

hydraulic arrangement.

The step of moving the support structure, or a portion
thereof, typically comprises checking a location of the

25 cutting head relative to the support structure, or a part

Chereof, and driving at least a portion of the support

structure during removal of the material by the cutting

head so that the support structure is positioned

immediately behind the cutting head without restricting
30 movement of the cutting head in a direction that is

Cransversal to direction of movement of the support

structure.
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Checking the location of the cutting head may be performed

visually or with the aid of a distance measurement device.

The method typically comprises placing support bolts
during movement of at least a portion of the support

structure and during removal of the material by the

cutting head in a manner such that formation of the tunnel

does not have to be interrupted for the placement of the

bolts.

The method may also comprise the step of extending the

conveyor during advancement of the portion of the tunnel.

The method typically comprises the additional step of
extending an effective length of a conveyor during

conveyling of removed material by that conveyor. This

additional step typically is conducted so that formation
of the tunnel 1s possible without interruption and during

extension of the length of the conveyor.

[ Y

Extending the effective length of the conveyor typically

comprises extending the path-length of a conveyor belt

along a portion of a conveyor belt loop at which the

conveyor belt 1n use does not convey removed material.

For example, the step of extending the effective length of

the conveyor may comprise tilting guiding idlers at a top

conveyor strand at an end-portion of the conveyor so that

the conveyor belt has a trough-like cross-sectional shape

at the end-portion and a reduced width, which facilitates
access and positioning of additional guiding elements

required for the extension of the effective length of the

cConveyor.
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In one embodiment the method comprises ventilating a

workplace, such as a workplace

using a ventilation system that

positioned on the member,

uses the member as a duct

for sucking or blowing gases and dust from the workplace.

The method may also comprise introducing an explosion

preventing medium into the 1inte

rior of the member.

The member may have an interiocr that is enclosed at side

—

16 and top portions and the method

material from the cutting head

1

nefiioer .

The method may comprise using t

15 platform.

The method may also comprise st

cutting head, the member and a

20 The 1invention will be more full
following description of specif
invention. The description is p

the accompanying drawings.

25 Brief Descrigtionvof the Drawin

may comprise conveying

through the interior of the

he member as a working

NPty

eering at least one of the

pushing unit.
v understood from the

1¢ embodiments of the

rovided with reference to

gs

Figures 1 1llustrates
underground tunnel according to

the present invention;

an apparatus for forming an

a specific embodiment of

30 Figure 2 1llustrates an apparatus for forming an

underground tunnel according to

the present i1nvention; and

a further embodiment of

Figures 3 to 5 i1llustrate components of the
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apparatus for forming an underground tunnel according to a

specific embodiment of the present invention.

Detailed Description of Specific Embodiments

Referring initially to Figure 1, an apparatus and a method

for forming an underground tunnel according a specific
embodiment of the present invention are now described. In

this embodiment the tunnel is formed 1n an underground

environment and may form a part of a mine.

Figure 1 shows the apparatus 100 comprising a cutting head

102 for removing material from an end-face of the tunnel

and thereby advancing the tunnel. The end-face may

comprise hard earth, rock or an ore. In this embodiment
the cutting head 102 is arranged for removing the material

by grinding. Alternatively, the cutting head 102 may be

arranged for removing the material by cutting, drilling or

any other suitable technigue.

The apparatus 100 also comprises a push-beam 104 with

coupling 105 and a support structure 106. The cutting head

102 1s coupled to the push beam 104 by the coupling 105 so
that the cutting head 102 can be moved in horizontal and

vertical directions. Consequently, the apparatus 100 1is

arranged for forming tunnels having bent portions. When
the apparatus i1s positioned in a tunnel portion for

advancement of the tunnel, mechanisms and controls for the

steering of the apparatus can be added along the length of

the push beams, at a pushing station or at the cutting

head at the face.
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An end-portion of the push beam 104 1s anchored into a

wall portion of the tunnel to provide a basis for pushing

the cutting head 102 against the end-face of the tunnel

during removal of

the material. The push beam 104

comprises a hydraulic arrangement that allows movement of

cutting head into the tunnel while the tunnel advances.

When the tunnel is advanced to a predetermined depth, the

push beam is removed from the anchoring and re-anchored at

a position deeper in the tunnel. The hydraulic arrangement

1s 1nitially retrec

cted so that a further tunnel portion

may be formed without interruption using the hydraulic

arrangement and moving the support structure 106

accordingly.

In a variation of the described embodiment the push beam

104 may also be anchored at one of the support structure

106. However, in any case the push beam typically 1is

arranged so that the cutting head 102 and the support

structures 106 are movable 1ndependently.

electric motoxr. Al

In this embodiment the cutting head 102 comprises an

ternatively, the cutting head may

comprise a hydraulic motor. A device for generating the

hydraulilic pressure

for operating the hydraulic motor

and/or the hydraulic arrangement of the push beam 104 1s

located at a position remote from the cutting head 102,

such as at a suitable location behind the support

structure 106.

The push beam 104 1s positioned within the support

structure 106 and comprises an outer housing within which

two augers or other conveying devices such as a belt or

chain conveyor are

positioned. The a;

ratus 100 also

PPe
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comprises a conveyer (not shown in Figure 1) that 1s
arranged to convey material that was removed by the

cutting head 102. The removed material 1s collected from

an end-portion of the push beam 104.

The push beam 104 provides a rigid structure that
transfers a force reguired to push the cutting head
against an uncut face of the tunnel and thereby, with the
rotation of the cutting head, excavate at the uncut face
area. The push beam 104 also acts as a dead weight to pull
a pushing mechanism and the overlap structure at the end
of the belt conveyor forward to allow 1t to be reset.
Further, the push beam 104 1s arranged to provide a safe

enclosure for enclosing a mineral conveying system

positioned in the push beam 104 to prevent harm to persons

working in the area. The push beam 104 also provides a

sturdy base for the addition ¢f a potential dedicated
robust ventilation duct within the push beam 104 with
means to allow the periodical or continuous addition of
explosion suppressant material such as stone dust.

Further, the push beam 104 1s arranged for mounting of

ventilation fans (where necessary), adapters and scrubbing

equilipment to create a safe work environment.

The support structure 106 comprises support parts 108.

Facn support part 108 1s arranged to support a roof and

side portions of the formed tunnel and for moving behind
the cutting head 102 in a manner such that a supported
force 1s maintained during the movement. The support parts
108 will be described in further detail below with

reference to Figure 4.
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Further, the apparatus 100 comprises a device for placing

bolts (not shown in Figure 1). The bolts are placed in

wall portions of the formed tunnel and are arranged Lo

provide sufficient support if the support parts 108 have

moved past a formed portion of the tunnel and consequently

no longer provide the supporting force. Each support part

104 is arranged so that support bolts may be placed during

novement of the support part 104.

The apparatus 100 has the advantage that the support

structure 106 provides a supporting force during movement

of the support structure 106. Bolts can be positioned

during advancement of the tunnel and the material that 1is
removed by the cutting head 102 1s continuously conveyed
away from the cutting head 102. Furthex, the apparatus 100
is arranged so that at least a portion of the machinery

for operation of the cutting head 102, such as the drive

that provides the hydraulic pressure for the hydraulic

arrangement of the push beam 104, 1s located remote from

the cutting head 102 so that the available space at the

cutting head 102 1s increased. Consequently, the apparatus
100 according to an embodiment of the present invention

has the significant commercial advantage that at least for

the formation of a straight section “start-stop” operation

or reduced and the

oA

of the apparatus 100 can be avoided

tunnel can be formed at a relatively high average speed.

1

bent tunnel portions the advancement of

For formation of

the tunnel may be interrupted for a short period of time

until the support part are moved along a bent portion of

the tunnel. Alternatively, the support parts 108 may also

be arranged to move around the bent during operation of
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force to support the rcof. For example, the elements 108

may be arranged so that, if they also support for side-

portions of the tunnel, momentarily the side supporting

elements are retracted to reduce the width of the support
parts 108 and enable movement of the support parts 108

around the bend.

Figure 2 shows a schematic illustration of the components

of the apparatus for forming an underground tunnel. The

shown apparatus 200 comprises a cutting head 202 for

removing the material and a push beam 204 for supporting
the cutting head 202 and moving material away from the

cutting head 202. Further, the apparatus 200 comprises a

means for steering the push beam (not shown) and pushing
the push beam 204 in a forward direction. A conveyer

element 208 1s arranged to collect the removed material
form the push beam 204 and to covey the collected removed

material to another conveyer element 210. In this

embodiment, a portion of the push beam 204 penetrates
through a support structure (not shown), such as the

support structure 106 1llustrated in Filigure 1.

The support 206 1s arranged for anchoring in the tunnel to
provide a basis for pushing the cutting head 202 against

the end-face of the tunnel. The support 206 comprises

g~
p—

anchoring means, for example provided in the form of

sultable hydraulic jacks, which secure the support 206

relative to wall portion of the tunnel. Once the cutting

head 202 and push beam 204 have advanced as far as

possible, then an arrangement for releasing the anchoring
means and moving the support structure 206 with the
ancnoring means along the tunnel 1s used. The arrangement

for releasing the anchoring means and moving support
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structure 206 may comprise alternately operable pairs of

hydraulic rams clamping to the wall, floor or roof

portions of the tunnel.

The arrangement for releasing the anchoring means and

moving the support structure 206 may also comprise a means

for the prevention of push beam lifting during times of

excessive force being supplied from the pushing unit.

The convever elements 208 and 210 are movable relative to

the push beam 204 and comprise overlapping portions. For

example, the conveyor element 208 may be a chaln conveyor

and the conveyor element 210 may be a belt conveyor that

may have a length much longer than the chain conveyor 208.
The conveyor elements 208 and 210 are movable relative to
cach other about a vertical axis that this located at the
overlappiling region. In this case the conveyor elements 208

and 210 are arranged so that the removed material may be

conveyed along a bent portion of the tunnel.

It 1s to be appreciated that in variations of the

-

described embodiments the apparatus 200 may alternatively
comprise only one conveyor element. Further, the apparatus
200 may comprise any number of conveyor elements that may

or may not be movable relative to the push-beam 204.

The conveyor 1s arranged so that the conveyor can be

extended during advancement of the tunnel by extending the

length of the conveyor element 210.

The conveyor element 210 typically is arranged to provide
sufficient space to enable operators to extend the

conveyor element 210 during operation. For example, the
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conveyor element 210 may comprise idlers that guide a
conveyor belt and that are adjustable. Such adjustable
1dlers may be positioned at the “outbye” tail ends of the
conveyor element 210. The idlers may be adjusted so that
at the outbye end the conveyor belt is directed over
angled i1dlers so that the conveyor belt has a trough-like

cross-sectional shape and a narrower footprint in the area

where conveyor belt frames are to be installed. The

narrowex footprint provides space for placing additional
support brackets and guiding members required for guiding

an extended length of the conveyor belt.

As the and cutting head 202 and the push beam 204
advance forward, the effective length of the conveyor belt

1s extended. For example, the effective length of the

conveyor pelt may be extended by releasing additional
conveyor belt from a loop of conveyor belt of a device
that 1s arranged to keep the tension of the conveyor belt
largely constant. The deeper “troughing” idlers move
forward with the conveyor belt tail end and the conveyor
belt ramps down to run on the now installed conveyor belt
rrames. This set-up enables the extension of the effective
conveyor belt length without interrupting the cutting

process and during conveying of removed material.

A formed tunnel may have a length of a few hundred meters

or even a few kilometers. The apparatus 200 may comprise a

support structure, such as the support structure 106,
which may comprise any number of support parts. The
apparatus 200 may comprise any number of conveyer
elements, such as conveyor elements 208 and 210, which are
arranged so that each conveyer element overlaps the

portion of an adjacent conveyer element whereby transport
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of removed material from one conveyer element to an

adjacent conveyer element 1s facilitated.

The cutting of through-cuts between parallel tunnels
(roadways) can be conducted using the apparatus 100 or 200
in the described manner. Alternatively, the apparatus 100
or 200 may also comprise an additional, usually shorter,
push-beam and normally wider cutting head for cutting such
through-cuts. For example, the additional push-beam and
cutting head assembly may be mounted on the push beam 104.

Hydraulic bolters or other types of bolters may be mounted

on this unit to permanently support the roof and side-

portions of the tunnel.

211 ventilation and electrical and mechanical service

devices can also be mounted on the push beam 104 or 204.
Supply of consumables and any material that 1s used during

operation of the apparatus 100 or 200 can be provided by

monorayrl.

Guidance of the cutting head 102 head may for example Dbe

provided using a gamma-ray monitor to detect the roof and

floor of the tunnel or using any other from of guidance

iy

system, for example a guidance system that 1s arranged for

inertial guidance.

It is to be appreciated by a person skilled 1n the art

that alternatively the conveyor may take any other

sultable form.

Figure 3 shows schematically a coupling 300 for coupling
the cutting head, such as the cutting head 102 shown 1in

Figure 1, to the push-beam, such as the push-beam 104 also
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shown in Figure 1. The coupling 300 comprises a plurality

of sections 304 that are coupled by hydraulic elements 302

having a length that 1s controllable by a hydraulic
pressure applied to the elements 302. By controlling the
nydraulic pressure 1t 1is possible to bend the coupling 300
in a horizontal plane so that tunnels with left hand or

right hand bends may be formed. The sections 304 have

~—

overlapplng portions along which the removed material

moves towards the push-beam. The coupling 300 also

comprises a similar hydraulic arrangement that allows

pending of the coupling 300 in a vertical direction (not

shown in Figure 3) .

Referring now to Figure 4, a support structure 400 is now
described 1in further detail. For example, the support
structure 400 may replace the support structure 106 shown

1n Figure 1. The support structure 400 comprises support

parts 402, which have frames that are made from a material

that 1s capable of carrying the load that is exerted by

the surface of the tunnel. The various parts of each

support part 402 are welded and/or bolted together. The

frames have two main spaced apart outer sections 403 and

405, which define a void 406 located therebetween. The
volid 406 1s such that it is capable of housing the push

peam a portion of the conveyor and other mining equipment.

The support structure 400 includes a bolting machine 408
for 1nstalling bolts into the tunnel surface as the

support structure 400 moves along the tunnel. The machine

408 1s arranged to install side and roof bolts
Lndependently. The machine 408 is mounted on rotary
actuators (not shown) so that the position of the bolts

can be varied as reqguired.
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The apparatus 400 has spaced apart portions 412 IoXx

placement on the floor of the tunnel, and which carry the

support structure 400. As can be seen in Figure 4, the
spaced apart portions 412 are attached to the support

parts 402 at the corners thereof. The apparatus 400 also

has parts 414 that are located on top of the support

structure 400 and which bear against the roof of the

tunnel so as to exert a supporting force.

The space between parallel parts 414 is such that 1t can
accommodate the end of bolts that have been installed into
the roof so as to avoid contact between the parts 414 and

the end of the bolts as the support structure 400 moves

along the tunnel.

The portions 412 and 414 each include a belt that 1is

-

mounted on spaced apart wheels. The belts and the wheels
effectively form what is generally referred to as a
‘caterpillar track’, which is commonly found on many
excavators and tanks. By using the belts mounted on the

wheels, the portions 412 and 414 are able to readily move

along the surface of the tunnel, thus permitting the
apparatus 400 to be moved whilst supporting the surface of

the tunnel.,

The portions 412 and 414 comprise drives that are

controllable by a driver. The support parts 412 and 414

are driven so that one of the portions 412 and 414 1s

positioned immediately behind a coupling of the cutting

head 102, typically within 0.5 - 5 m of the cutting head,

without regtricting movement of the cutting head 1in a

direction that 18 transversal to direction of movement of
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the support structure or the portion thereof. During
operation the driver frequently checks how far the cutting

head progresses and moves the portion 412 and 414

accordingly. One or more portions 4lZ2and 414 typically

follow. The support bolts are positioned during movement

of the parts 412 and 414 so that the tunnel can be formed

largely without 1nterruptions.

The portions 414 also include accommodating means for
allowing unevennesses which may be present i1n the surfaces

of the tunnel to be accommodated. The accommodatling means

is provided by virtue of the belts being flexible.

Further details of the support structure are disclosed 1n

PCT publication number WO/2004/027215.

The reference that is being made to PCT publication number
WO/2004/027215 does not constitute an admission that PCT
publication number WO0/2004/027215 1s part of the common

general knowledge in Australia or any other country.

The scope of the claims should not be limlted by the

embodiments set forth in the examples, but should be given

the broadest interpretation consistent with the

description as a whole.

6783960 1 (GHMatters) P64494.CA
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The Claims:

1. An apparatus for forming an underground tunnel,

the apparatus comprising:

a cutting head for removing material from an end-

face of the tunnel and thereby forming a further portion

of the tunnel, the cutting head comprising an electric or

hydraulic motor;

machinery for operating the cutting head being at

least partially positioned at a location remote from the

cutting head;

a push beam providing a rigild structure and

B

arranged to push the cutting head against the end-face o:

I

the tunnel during removal of the material;

a coupling comprising a plurality of sections
that are coupled by hydraulic elements, the hydraulic
elements being positioned to enable bending of the
coupling between the cutting head and the push beam 1n a
horizontal plane, the sections of the coupling comprising
overlapping portions along which in use the removed
material moves towards the push beam;

a support structure for supporting a previously

formed portion of the tunnel by providing a supporting
force against a surface of the tunnel, the support
structure being arranged to move along the tunnel while
maintaining the supporting force during formation of the
further portion of the tunnel; and

a conveyor for conveyling removed materlal to a

location remote from the cutting head during formation of

the further portion of the tunnel;
wherein the cutting head, the support structure
and at least a portion of the machinery are positioned soO

that a space is provided at or immediately behind the
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cutting head so that the support structure, or a portion

thereof, during removal of the material by the cutting

head, i1s movable to a position i1mmediately behind the

cutting head, without restricting movement of the cutting
head in a direction that 1s transversal to a direction of
movement of the support structure or the portion thereof,
and wherein the cutting head 1s movable i1ndependently from
the support structure and during removal of the material
in a direction into the tunnel and the support structure
is arranged to move into the tunnel 1n response to and

during progression of the tunnel.

2. The apparatus of claim 1 wherein the cutting head
comprises a hydraulic motor and wherein at least a portion
of the machinery for operating the cutting head comprises

a device for generating the hydraulic pressure for the
hydraulic motor and i1s 1n use positioned at the position

remote from the cutting head.

3. The apparatus of claim 1 or 2 wherein at least a
portion of the machinery i1s positioned at a location at

least 10m behind the cutting head along the tunnel.

4 . The apparatus of any one of claims 1 to 3 wherein

the push beam comprises an anchoring structure that 1n use

provides a basis for pushing the cutting head against the

end-face of the tunnel.

J. The apparatus of any one of claims 1 to 4 whereiln
the apparatus 1s arranged so that 1in use the support

structure, or a portion thereof, during removal of the
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material by the cutting head, 1is movable to a position
within 0.5 - 5 m behind the cutting head without
restricting movement of the cutting head in a direction

that 1s transversal to a direction of movement of the

5 support structure or the portion thereof.

0. The apparatus of any one of claims 1 to 5 wherein
- the

the conveyor 1is arranged to enable conveyilng o:

removed material along the tunnel to a suitable location

H

10 in a manner such that inhibiting of formation of the

portion of the tunnel, or the entire tunnel, due to

accumulated removed material 1s avolided.

7. The apparatus of any one of claims 1 to 6 wherein

15 the apparatus is arranged so that in use removed materilal

is continuously conveyed away from the cutting head.

8 . The apparatus of any one of claims 1 to 7 whereiln

the support structure comprises a void area through which
20 in use the removed material 1s transported and wherein a

portion of the conveyor is positioned within the void

ared.

9. The apparatus of claim 8 wherein the support
25 structure is arranged so that support bolts may be placed
at or near the location of a support part of the support

structure and during movement of the support part.

10. The apparatus of claim 9 wherein the coupling

30 comprises an arrangement that enables pivoting of the

cutting head relative to a portion of the apparatus.

11. The apparatus of any one of claims 1 to 10
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wherein the apparatus is arranged for formation of non-

straight sections of the tunnel.

12. The apparatus of any one of claims 1 to 11
wherein the conveyor comprises conveyor elements that are

movable relative to each other.

13. The apparatus of claim 12 wherein a first

conveyor element comprises a portion that overlaps a

portion of an adjacent second conveyor element and that 1is

in use positioned behind the first conveyor element during

forming of the tunnel.

14. The apparatus of any one of claims 1 to 13
wherein the conveyor comprises a serles of conveyor

elements and each conveyor element has a portion that 1s

overlapped with a portion of an adjacent conveyor element.

15. The apparatus of any one of claims 1 to 14
wherein the push beam comprises an interior that 1s
enclosed at side and top portions and whereiln the push
beam is arranged for conveying cut material away from the

cutting head through the interiocr portion.

16. The apparatus of claim 15 wherein the apparatus
comprises a ventilation system that uses the push beam as

a duct for sucking or blowing gases and dust from a

workplace and wherein the apparaﬁus is arranged for

ventilating the workplace using the ventilation system.

17. The apparatus of claim 15 or 16 wherein the
apparatus is arranged for introducing explosion prevention

materials into the interior of the push beam during
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conveying of the cut material through the interior of the

push beam.

| &

18. A method of forming an underground tunnel using
the apparatus as of any one of claims 1 to 17, the method
comprilising:

pushing a cutting head against an end-face of the
underground tunnel, the cutting head being coupled to a
push beam by a coupling comprising a plurality of sections
that are coupled by hydraulic elements, the hydraulic
elements being positioned to enable bending of the
coupling between the cutting head and the push beam 1n a
horizontal plane, the sections of the coupling comprising
overlapping portions along which in use the removed
material moves towards the push beam;

removing material from the end-face of the
underground tunnel using the cutting head and thereby
forming a further portion of the underground tunnel;

moving the cutting head into the tunnel as
formation of the tunnel progresses;

supporting a previously formed portion of the
underground tunnel using a support structure, the support

structure comprising a plurality of supporting parts
wherein each supporting part 1s arranged to exert a
supporting force and is drivable to mcve along a surtace
of the underground tunnel in a manner such that the

supporting force is maintained during movement relative to

the surface of the tunnel;

placing bolts at or near a location of a
supporting part using a bolting machine of the support
structure during movement of the support structure and

formation of the further position of the underground

tunnel;
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moving the support structure along the tunnel

during removal of the material by the cutting head; and

conveying removed material to a location remote

from the cutting head during formation of the underground

tunnel.

19. The method of claim 18 wherein the movement of

the cutting head is independent from the movement of the

support structure.

20. The method of claim 18 or 19 wherein the push
beam 1s anchored at the tunnel at the support structure
and wherein the method comprises moving the cutting head

relative to an anchoring of the push beam.

21. The method of any one of claims 18 to 20

comprising moving a portion of the support structure

fr—

during removal of the material by the cutting head so that

a portion of the support structure is positioned within

0.5 = 5 m behind the cutting head.

22 . The method of any one of claims 18 to 21 whereiln

the step of moving the support structure, or a portion

thereof, comprises checking a location of the cutting head
relative to the support structure, or a part thereof, and
driving at least a portion of the support structure during
removal of the material by the cutting head so that the
support structure is positioned i1mmediately behind the
cutting head without restricting movement of the cutting

head 1in a direction that i1s transversal to direction of

movement of the support structure.

23. The method of any one of claims 18 to 22
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comprising the step of extending the conveyor during

advancement of the portion of the tunnel.

24 . The method of anyone of claims 18 to 23

comprising the step of extending an effective length of a
conveyor during conveying of removed material by that

conveyor.

29 . The method of claim 24 wherein the step of
extending the cffective length of the conveyor 1is
conducted so that formation of the tunnel 1s possible

p—

without interruption and during extension of the length of

the conveyor.

26. The method of claim 24 or 25 wherein extending
the effective length of the conveyor comprises reducilng
the path-length of the conveyor belt along a portion of a
conveyor belt loop at which the conveyor belt 1n use does

not convey removed material.

27 . The method of claim 26 wherein extending the
effective length of the conveyor comprises tilting guiding

idlers of the conveyor at an end-portion of the conveyor

so that the conveyor belt has a through-like cross-

sectional shape at the end-portion and a reduced width,

which facilitates access and positioning of additional
guiding elements required for the extension of the

effective length of the conveyor.
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