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Method for Boring a Vertical Shaft and a Shaft Boring Machine

[0001] The invention relates to a method for boring a vertical shaft underground and a

shaft boring machine.

[0002] A method of this type for introducing a vertical shaft underground as well as a
shaft boring machine is taught in JP 2006249793 A. In the prior art method and the prior art
shaft boring machine, a rotatable cutterwheel is rotated continuously about a horizontal axis and
a central vertical axis such that a shaft floor is excavated in a substantially even manner over the

entire area of the walls.

[0003] Another method for introducing a vertical shaft and a shaft boring machine is
taught in US-A-4,646,853. The prior art method for introducing a vertical shaft underground
provides a shaft boring machine having a rotatable cutterwheel which can be rotated about a
horizontal axis and about a vertical axis at a distance from a central longitudinal axis of the shaft
boring machine. By this means, the cutterwheel follows a vertical spiral path such that it

continuously excavates a shaft floor wider than the diameter of the cutterwheel.

[0004] The discussion of documents, acts, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any or all of these matters formed part of the
prior art base or were common general knowledge in the field relevant to the present invention as

it existed before the priority date of each claim of this application.

[0005] Throughout the description and claims of this specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not intended to exclude

other additives, components, integers or steps.

[0006] According to the present invention, there is provided a method for boring a
vertical shaft underground, the shaft having a shaft floor, said method comprising the following
steps: providing a shaft boring machine having a cutterwheel rotatable about a horizontal axis
and about a vertical axis intersecting the horizontal axis, wherein the vertical axis is a central
vertical axis with respect to the circumferential wall of the shaft and rotation of the cutterwheel

about the horizontal axis and about the vertical axis is configured to deepen the shaft; executing
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a first excavating cycle by the following steps: bracing the shaft boring machine against a
circumferential wall of the shaft; rotating the cutterwheel solely about the horizontal axis to form
a penetration trough extending over the total diameter of the shaft having a penetration depth
deeper than the shaft floor; subsequently, rotating the cutterwheel concurrently about the
horizontal axis and in a first direction about the vertical axis approximately 180° with the
cutterwheel excavating material to extend the circumferential wall of the shaft and to form a first
new shaft floor; and following the first excavating cycle, executing a second excavating cycle by
the following steps: rotating the cutterwheel solely about the horizontal axis to form a
penetration trough extending over the total diameter of the shaft having a penetration depth
deeper than the first new shaft floor; subsequently, rotating the cutterwheel concurrently about
the horizontal axis and in a second direction, opposite the first direction, about the vertical axis
approximately 180° with the cutterwheel excavating material to extend the circumferential wall

of the shaft and to form a second new shaft floor.

[0007] The invention further provides a shaft boring machine for use in boring a vertical
shaft, comprising: a circular cutterwheel having a radial edge and a pair of opposite flanks; a
vertical bearing configuration supporting said cutterwheel for rotation about a horizontal axis; a
horizontal bearing configuration supporting said cutterwheel for rotation about a vertical axis; a
first plurality of excavation tools extending outwardly from said radial edge of said cutterwheel,
said excavation tools of said first plurality having a first functional direction and operable for
excavation when said cutterwheel is rotated about the horizontal axis; and a second plurality of
excavation tools extending from each of said flanks of said cutterwheel, said excavation tools of
said second plurality having a second functional direction substantially perpendicular to said first

functional direction and operable when said cutterwheel is rotated about the vertical axis.

[0008] Preferably, the shaft boring machine includes a machine frame; a retainer ring
fixedly attached to said machine frame; and a bracing unit, comprising: a bracing carriage
vertically slidable with respect to said machine frame; a plurality of drive cylinders linking said
bracing carriage with said retainer ring; and a plurality of bracing cylinders each attached at one
end thereof to said bracing carriage, said bracing cylinders further including plates at opposite

ends thereof which are engageable with the circumferential wall of the shaft.
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[0009] Because, with the method and the shaft boring machine according to an
embodiment of the invention, the sinking is carried out in two steps with the introduction of a
penetration solely by the rotation of the cutterwheel about the horizontal axis and the
subsequent rotation of the cutterwheel about the central vertical axis as well, while keeping the
cutterwheel in the penetration depth, due to the equipping of the cutterwheel with excavation

tools fitted for a method of this type, a relatively high sinking rate may be obtained.

[0010] Further functional embodiments and advantages of the invention may be derived
from the following description of an embodiment example of the invention with reference to the

figures of the illustrations. They show:

[0011] Fig. 1 An embodiment of a shaft boring machine according to the invention in a

side view which is located in a vertical shaft with a view of a radial outer face of a cutterwheel.

[0012] Fig. 2 A side view of the shaft boring machine according to fig. 1, enlarged and

rotated 90° in relation to fig. 1.

[0013] Fig. 3 A cross-section of the shaft boring machine according to fig. 1 in an

alignment unit region.

[0014] Fig. 4 A cross-section of the shaft boring machine according to fig. 1 in a bracing

unit region.

[0015] Fig. 5 A cross-section of the shaft boring machine according to fig. 1 in a dust

shield region.

[0016] Fig. 6 A longitudinal section of the shaft boring machine according to fig. 1.

[0017] Fig. 7 The shaft boring machine according to fig. 1 in a side view while

executing an embodiment of the method according to the invention in an alignment step.

[0018] Fig. 8 The shaft boring machine according to fig. 1 in a side view while
executing the embodiment of the method according to the invention directly before starting the

cutting of a penetration.
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[0019] Fig. 9 The shaft boring machine according to fig. 1 in a side view while
executing the embodiment of the method according to the invention after finishing the step of
cutting a penetration.

[0020] Fig. 10 The shaft boring machine according to fig. 1 in a side view while
executing the embodiment of the method according to the invention during the rotation of the
cutterwheel about the central vertical axis as well, to deepen a floor to the depth of the

penetration.

[0021] Fig. 11 The shaft boring machine according to fig. 1 in a side view while
executing the embodiment of the method according to the invention after completing the step of

deepening the floor to the depth of the penetration.

[0022] Fig. 1 show a side view of an embodiment of a shaft boring machine 1 according
to the invention, which is placed in shaft 4 extending underground 2 vertically from the surface
of the earth to a shaft floor 3. The shaft boring machine 1 has a machine frame 5, to which a
retainer ring 6 of a retainer device is attached firmly to the end region of the back as seen from
the perspective of the boring direction. There are alignment cylinders 7 of an alignment unit 8
functioning radially outwards fastened on the retainer ring 6, having an alignment foot 9 in each

case on the ends away from the retainer ring 6.

[0023] Furthermore, a number of driving cylinders 10 are attached to the retainer ring 6,
extending diagonally outwards from the machine frame 5 away from the retainer ring 6, the ends
of which away from the retainer ring 6 are attached to bracing plates 11 functioning as the
bracing means of a bracing unit 12. The bracing unit 12 furthermore has a number of bracing
cylinders 13 functioning radially outwards as an additional bracing means, which are attached at
one end to the bracing plates 11 and the other end to bracing carriages 14 surrounding the

machine frame 5.

[0024] On the side of the bracing carriage 14 away from the retainer ring 6 is a dust
shield 16 having a number of dust shield segments 15, on the side of which away from the
bracing carriage 16 is a cutterwheel 17 which is in a vertical position when in operation. The
cutterwheel 17 is rotatable on a horizontal axis and on an axis extending perpendicularly to the

horizontal axis as well as said cutting central vertical axis. There are a number of excavating
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tools 18 arranged on the cutterwheel 17 in the form of rotatable cutting wheels as well as a

number of shovel-like scrapers 19.

[0025] The cutterwheel 17 is connected to the machine frame 5 with bearing shanks 20
on both sides of the cutterwheel 17 attached in a rotating manner to the machine frame 5. On
both sides of the cutterwheel 17 the shaft boring machine 1 has a number of stabilizing feet 21
which can slide in the longitudinal direction of the shaft boring machine 1 between an extended

stabilizing position and a retracted, disengaged position.

[0026] Furthermore, auxiliary equipment is located on the side of the dust shield 16
facing the shaft floor 3 next to the cutterwheel 17, such as a concrete spraying nozzle 22 for
coating the wall of the shaft 4 with spray concrete, an anchor boring rig 23 for placing rock
anchors and an advance boring device 24 for placing special borings extending beyond the scope
of the shaft floor 3, preferably rotatable over 360° about a vertical axis and preferably rotatable

180° about a horizontal axis.

[0027] Finally, it may be derived from fig. 1 that on the side of the shaft boring machine
1 facing the shaft floor 3 there is a vertical conveyor belt 25 extending in a vertical direction,
from which the material excavated from the shaft floor 3 can be unloaded, at an unloading
station 26, after passing a number of working platforms 27 located on the side of the shaft boring

machine 1 facing away from the shaft floor 3 for the final removal from the shaft.

[0028] Fig. 2 shows a side view of the shaft boring machine in accordance with fig. 1,
enlarged and rotated 90° in relation to the illustration in fig. 1 with a view of the flat side of the
cutterwheel 17. From fig. 2 it is apparent that a first group 28 of excavation tools 18 is arranged
on a face 29 of the cutterwheel 17 extending radially outwards, such that their main functional
direction is vertically downwards towards the shaft floor 3. A second group 30 of excavation
tools 18 is arranged on both sides of the face 29 at the sides 31 of the cutterwheel 17 having a
diagonal to vertical alignment to the main functional direction, preferably of 45°. A third group
32 of excavation tools 18 on the side 31 away from the face 29 are arranged with a substantially

horizontally oriented main functional direction.
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[0029] Furthermore, it may be derived from fig. 2 that the cutterwheel 17 which is
rotatable about a horizontal axis in a vertical plane can be driven by a number of horizontal

rotation motors 33 distributed over an internal surface for said rotation about the horizontal axis.

[0030] Fig. 3 shows a cross-section of the shaft boring machine 1 according to fig. 1 in
the region of the alignment unit 8 along the line III-III in accordance with fig. 2. From fig. 3 it is
apparent that the alignment unit 8 has four alignment shoes 9, which are arranged at 90° to each
other. It is thereby possible to align the machine frame 5, and thereby the shaft boring machine 1
with a precise vertical position of the central vertical axis, controlled by the means of altering the

extension of the alignment cylinders 7 through a central control unit not shown in fig. 3.

[0031] Fig. 4 shows a cross-section of the shaft boring machine 1 according to fig. 1 in
the region of the bracing unit 12 along the line [V-IV of fig. 2. From fig. 4 it may be derived that
the bracing unit 12 has four relatively massive bracing plates 11, which, corresponding to the
alignment shoes 9 of the alignment unit 8, are arranged at 90° to each other. Each bracing plate
11 is connected externally to two bracing cylinders 13, whereby the driving cylinders are also
attached at the ends. In this manner, a mechanically very stable construction of the retainer

device, comprising the retainer ring 6 and the bracing unit 12, is obtained.

[0032] Fig. 5 shows a cross-section of the dust shield 16 of the shaft boring machine 1
according to fig. 1 cut along the line V-V of fig. 2. From fig. 2 it is apparent that a number of
active dust shield segments 15 are attached to displacement cylinders 34 which function radially
outwards. A passive dust shield segment 15 is attached to each active dust shield segment 15 by
a segment joint 35 by means of an interlocking nosepiece configuration 36 with a neighboring
active dust shield segment 15. Through the extensive, substantially closed, configuration of the
active dust shield segments 15 and the active mobility of the dust shield segments 15 as well as
the passive mobility of the passive dust shield segments 15 the dust shield 16 can be relatively

flexibly adjusted to circular diameters of the shaft 4 which are not sufficiently precise, as well.

[0033] Furthermore, it may be seen from fig. 5 that a horizontal bearing configuration 37
exists with which the cutterwheel 17 may be rotated about a horizontal plane by means of a

number of horizontal rotation motors 38.
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[0034] Fig. 6 shows a longitudinal section of the shaft boring machine 1 according to
fig. 1 along the line VI-VI from fig. 2. It may be seen from fig. 6 that a scraping channel 39 is
meets the scrapers 19 at the radial inner side, through which, in a certain position of the scraper
19 in question, above the horizontal rotating axis, the excavated material collected by said
scraper 19 is fed through a filler hole in the face of the cutterwheel 17 to the scraping channel 39
by means of a loading hopper 40 in approximately the middle of the cutterwheel 17 and onto the
vertical conveyor belt 25 which runs horizontally at this point over two rollers 41, and by means
of said vertical conveyor belt 25 is transported vertically upwards. Furthermore, it may be
derived from the illustration of fig. 6 that the cutterwheel 17 can be rotated about a horizontal

axis by means of a vertical bearing configuration 42 driven by the horizontal rotation motors 33.

[0035] Fig. 7 shows the embodiment of a shaft boring machine 1 in a step for executing
an embodiment of the method according to the invention, specifically the preparation of said
shaft boring machine 1 and in said step, the vertical alignment of the central vertical axis of the
shaft boring machine 1. In the alignment step the alignment shoes 9 of the alignment unit 8 are
placed against the wall of the shaft and the stabilizing feet 21 are in an extended stabilizing
position on the shaft floor 3. By controlling the alignment cylinder 7 of the alignment unit 8,
when the cutterwheel 17 is not engaged, it is possible to align the shaft boring machine 1 in a

vertical position, whereby for this the bracing plates 11 are not lying against the wall of the shaft.

[0036] Fig. 8 shows the shaft boring machine 1 in a later step of the embodiment of the
method according to the invention, specifically the bracing of the shaft boring machine 1 against
the wall of the shaft 4 in that the bracing plates 11 are placed against the wall of the shaft 4 with
a very high pressure obtained through the relatively large sized bracing cylinder 13. In this
braced configuration of the shaft boring machine 1 the alignment shoes 9 of the alignment unit 8
are placed at a distance to the wall of the shaft 4 and the stabilizing feet 21 are withdrawn and

disengaged from the floor of the shaft 3.

[0037] In this braced position the cutterwheel 17 is ready for operation for a deepening
cycle, and as desired, spray concrete nozzles 22, the anchor device 23 or, as illustrated in fig. 8,

the advance boring device 24 may be put into operation.
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[0038] Fig. 9 shows the shaft boring machine 1 after executing another step of the
embodiment of the method according to the invention, specifically the rotation of the cutterwheel
17 solely about the horizontal axis until it has reached a predetermined excavation depth lying
deeper than the current shaft floor 3 through the design of one of the outer contours of the
cutterwheel 17 in the region of the face 29 and the penetration trough 43 following the
neighboring side 31 of the face 29. In order to cut the penetration trough to the predetermined
penetration depth, the driving cylinder 10 passing through the machine frame 5 by means of the
bracing carriage 14 is continuously shortened such that the cutterwheel 17, rotating in this step
solely about the horizontal axis, due to the effect in particular of the excavation tools 18 of the
first group 28 and the excavation tools 18 of the second group 30, is continuously digging below
the current level of the shaft floor 3 to the predetermined penetration depth while conveying the

excavated material from the penetration trough 43.

[0039] Fig. 10 shows the shaft boring machine 1 in a later step of the embodiment of the
method according to the invention, specifically the rotation of the cutterwheel 17 about the
central vertical axis as well as the horizontal axis and stopping the cutterwheel 17 at the
penetration depth. In this step, the driving cylinders 10 are at the retracted length upon reaching
the predetermined penetration depth such that in rotating the cutterwheel 17 about the central
vertical axis as well, the excavation tools 18 of the third group 32 functioning substantially in the
horizontal direction and the excavation tools 18 of the second group 30 which, due to the
diagonal configuration function to a degree on the horizontal plane, based on the position of the
cutterwheel 17 illustrated in fig. 9, deepen the shaft floor 3 to the sides of the penetration trough
43 while continually removing excavated material, while the excavation tools 18 of the first

group 28 are substantially unengaged.

[0040] Fig. 11 shows the shaft boring machine 1 after completion of the step for
deepening the shaft floor 3 by an amount corresponding to the predetermined penetration depth
and thereby a deepening cycle in which the cutterwheel 17 is basically rotated 90° from the
position according fig. 8 and fig. 9. In this position of the cutterwheel 17 about half of the shaft
floor 3 is deepened in two angle segments of 90° each to a depth corresponding to the
predetermined penetration depths of the penetration troughs 43. In continuing to rotate the
cutterwheel 17 about the horizontal axis as well as about the central vertical axis approx. 90°
more, or at least until a complete circumferential coverage has been obtained with full

accessibility to the wall of the shaft 4 during the rotation, then the shaft floor 3 has been
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deepened to the new depth corresponding to the predetermined penetration depth of the

penetration troughs 43.

[0041] At this point a subsequent deepening cycle is started in the positioning of the
cutterwheel 17 according to fig. 11 with the cutting of a new penetration trough 43 to a
predetermined penetration depth and subsequently rotating the cutterwheel 17 about the central
vertical axis, preferably against the rotational direction applied in the previous deepening cycle,
until again the location of the cutterwheel 17 in accordance to fig. 7, or respectively, fig. 8 has

been reached.

[0042] Preferably, after completion of a deepening cycle, the vertical position of the
shaft boring machine 1 is checked and if necessary, the previously mentioned alignment step is

carried out to accommodate deviations



2008359880 04 Dec 2014

The claims defining the invention are as follows:

1. A method for boring a vertical shaft underground, the shaft having a shaft floor, said
method comprising the following steps:
providing a shaft boring machine having a cutterwheel rotatable about a horizontal axis
and about a vertical axis intersecting the horizontal axis, wherein the vertical axis is a central
vertical axis with respect to the circumferential wall of the shaft and rotation of the cutterwheel
about the horizontal axis and about the vertical axis is configured to deepen the shaft;
executing a first excavating cycle by the following steps:
bracing the shaft boring machine against a circumferential wall of the shaft;
rotating the cutterwheel solely about the horizontal axis to form a penetration
trough extending over the total diameter of the shaft having a penetration depth deeper
than the shaft floor;
subsequently, rotating the cutterwheel concurrently about the horizontal axis and
in a first direction about the vertical axis approximately 180° with the cutterwheel
excavating material to extend the circumferential wall of the shaft and to form a first new
shaft floor; and
following the first excavating cycle, executing a second excavating cycle by the
following steps:
rotating the cutterwheel solely about the horizontal axis to form a penetration
trough extending over the total diameter of the shaft having a penetration depth deeper
than the first new shaft floor;
subsequently, rotating the cutterwheel concurrently about the horizontal axis and
in a second direction, opposite the first direction, about the vertical axis approximately
180° with the cutterwheel excavating material to extend the circumferential wall of the

shaft and to form a second new shaft floor.

2. The method of claim 1, wherein said steps of rotating the cutterwheel concurrently about
the horizontal axis and about the vertical axis each further comprise continuously removing

excavated material from the shaft.

3. The method of claim 1, wherein said steps of rotating the cutterwheel concurrently about
the horizontal axis and about the vertical axis are each conducted without deepening the shaft

beyond the penetration depth.

10
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4. A shaft boring machine for use in boring a vertical shaft, comprising:

a circular cutterwheel having a radial edge and a pair of opposite flanks;

a vertical bearing configuration supporting said cutterwheel for rotation about a
horizontal axis;

a horizontal bearing configuration supporting said cutterwheel for rotation about a
vertical axis;

a first plurality of excavation tools extending outwardly from said radial edge of said
cutterwheel, said excavation tools of said first plurality having a first functional direction and
operable for excavation when said cutterwheel is rotated about the horizontal axis; and

a second plurality of excavation tools extending from each of said flanks of said
cutterwheel, said excavation tools of said second plurality having a second functional direction
substantially perpendicular to said first functional direction and operable when said cutterwheel

1s rotated about the vertical axis.

5. The shaft boring machine of claim 4, wherein the vertical axis is a central vertical axis

with respect to the shaft.

6. The shaft boring machine of claim 4 or claim 5, wherein the vertical axis intertects the

horizontal axis.

7. The method according to any one of claims 4 to 6, further comprising a third plurality of
excavation tools extending from said cutterwheel and respectively disposed between said first
and second pluralities of excavation tools, said third plurality of excavation tools having a third
functional direction disposed at an angle with respect to each of said first and second functional
directions and operable both when said cutterwheel is rotated about the horizontal axis and when

said cutterwheel is rotated about the vertical axis.

8. A shaft boring machine of any one of claims 4 to 7, further comprising a bracing unit
operable to brace said machine against a circumferential wall of the shaft, and wherein said
cutter wheel is dimensioned to excavate material with extension of the circumferential wall of

the shaft upon rotation of said cutterwheel about the vertical axis.

11
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9. A shaft boring machine of any one of claims 4 to 8, further comprising a retainer device
including an alignment unit operable to interface with a circumferential wall of the shaft to align

said horizontal bearing configuration and cutterwheel along the vertical axis.

10. A shaft boring machine of claim 9, wherein said retainer device includes a plurality of
stabilizing feet arranged on respective opposite sides of said cutterwheel, said stabilizing feet
displaceable in a longitudinal plane between an extended stabilizing position and a retracted

disengagement position.

11. The shaft boring machine of claim 4, further comprising:
a machine frame;
a retainer ring fixedly attached to said machine frame; and
a bracing unit, comprising:
a bracing carriage vertically slidable with respect to said machine frame;
a plurality of drive cylinders linking said bracing carriage with said retainer ring;
and
a plurality of bracing cylinders each attached at one end thereof to said bracing
carriage, said bracing cylinders further including plates at opposite ends thereof which

are engageable with the circumferential wall of the shaft.

12. The shaft boring machine of claim 11, further comprising a dust shield located between

said cutterwheel and said bracing carriage.

13. The shaft boring machine of any one of claims 4 to 12, wherein said cutterwheel further
comprises a plurality of scrapers, said scrapers operable to transport material excavated by said

excavation tools to a central region of said cutterwheel.
14. The shaft boring machine of claim 13, further comprising a vertical conveyor device
including a shaft floor end located in said central region of said cutterwheel and operable to

remove excavated material.

15. A shaft boring machine substantially as hereinbefore described with reference to the

accompanying drawings.

12
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16. A method for boring a vertical shaft underground substantially as hereinbefore described

with reference to the accompanying drawings.

13
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