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(54) Title: A DRILL BIT, A DRILL ROD AND A SELF DRILLING ROOF BOLT

(57) Abstract: A drill bit (11) for attachment to an elongate drill rod (10),
the drill bit (11) including means for attachment to an end of the drill rod,
and a leading end which defines a pair of diametrically opposed slots (
16, 17) which open axially for receipt of a portion of a drill tip (18) which
projects axially from the slots (16, 17). The drill tip (18) being fixedly
secured within each of the slots (16, 17). Further, a drill rod or a self
drilling roof bolt comprising the above drill bit (11).
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A drill bit, a drill rod and a self drilling roof bolt
The present invention relates to a drill bit, in particular for the drilling of

rock. The invention has particular relevance to drill rods and to bolts of the type
known as rock or roof bolts (hereinafter called “roof bolts”) and to such bolis of

the self drilling kind.

Roof bolts are commonly employed in the underground mining industry to
support the walls and/or the roof of excavated tunnels and openings against
fragmentation and collapse. Roof bolts typically are applied by first drilling a pilot
hole in the rock wall and thereafter inserting the roof bolt therein. The boit is
fixed within the hole normally by a settable giue, such as a resin or a mottar
cement. Otherwise, the roof bolt can be arranged to interlock with the internal
wall of the pilot opening, such as by a thread or an expanding sleeve and
typically a combination of settable glue and an interlocking arrangement is
employed.

Self drilling roof bolts have a drilling capacity that a simple roof bolt does
not have. If a self drilling roof bolt is employed, the bolt itself can be driven to
drill into the rock wall and when the bolt has sufficiently penetrated the wall,
suitable fixing means, such as a settable resin may be'employed. A self driliing
roof bolt therefore increases the speed at which roof bolts can be installed,
because it eliminates the need to remove the drill from the pilot hole to insert the
roof bolt. Effectively the drilling operation and the insertion are completed at the
same time. This advantageously means that the drill operator is next to the
unsupported wall, or is under the unsupported roof, for a significantly reduced
amount of time, thereby reducing the risk of injury to such operators.

US Patent No. 6,309,159 discloses a self drilling roof bolt which has an
elongate bolt body and a drill tip attached to the leading end thereof. The drili tip
extends across the end of the bolt and is supported against a pair of radially
spaced, axially extending abutment elements, which engage the drill tip on
opposite sides thereof. In practice the tip is secured to the abutment elements
by welding, soldering or brazing.

In the self drilling roof bolt of US 6,309,159 the type of mechanism used
to secure the tip to the abutment elements adds significant cost io the roof bolt,
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as the welding, soldering or brazing operation must be carefully performed so as
to ensure the integrity of the connection under the highly aggressive conditions
of drilling. ‘ '

A further disadvantage resides in the most common form of connection
which is brazing, because brazing réquires expensive induction equipment for
production line manufacture. Also, a brazed connection often suffers from
concentricity problems between the "tip and the bolt body or shank, because
during brazing, it is difficult to maintain proper concentric alignment.

It is an object of the invention to provide a drill bit for a drill rod and/or a
self drilling roof bolt which provides an alternative connection arrangement
between the drill tip and the leading end of the rod or bolt to improve the
connection therebetween and/or to facilitate connection by different means to
those discussed above.

According to the present invention there is provided a drill bit for
attachment to an elongate drill rod, said drill bit including means for attachment
to an end of said drill rod, a leading end which defines a pair of diametrically
opposed slots, which open axially for receipt of a portion of a drill tip which
projects axially from said slots, said drill tip being fixedly secured within each of
said slots.

The present invention further provides a drill rod to which a drill bit as
described above, is attached.

The present invention still further provides a drill rod which is formed as a
self drilling roof bolt to which a drill bit as described above, is attached. In the
alternative, the invention provides a self drilling roof bolt in which the drill bit is
integrally formed with the bolt at one end thereof.

The present invention advantageously provides for extremely secure
location of the drill tip in the drill bit. The drill tip may be a single piece or
“spade” tip, which extends radially across the leading end of the drill bit, or it may
be formed by a pair of tips or “wing tip”, each of which is received within one of
the pair of slots. In the latter arrangement, the pair of tips are separate and
when fixed in the respective slots, the tips are separated by a central or axial

gap. If the drill tip is a single piece, it is secured on opposite sides thereof and at
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each of the opposite ends thereof. Each of these arrangement facilitates the
preferred use of adhesive glue to fix the drill tip (whether a sinéle or two-piece
tip) in place, rather than the prior art arrangements which utilise welding,
soldering or brazing, although the invention includes within its scope fixing by
such means. The preferred use of glue is facilitated by the increased surface
area provided for bonding between the drill tip and the slot surfaces. That
increased surface area means an adequate adhesive bond can be formed
between the slots and the drill tip, which is not possible, or which is not reliable,
when the drill tip is securable only against a single surface, or abutment face as
in the prior art. In such prior art arrangements, the use of adhesive glue is not
appropriate.

The benefit of securing the drill tip in place by adhesive glue, is that the
glue is far more easily handled and applied and does not require induction
equipment of the kind which is presently employed in some non-glue
applications. Also, the provision of slots is such as to more securely hold the
drill tip in place when it is being fitted to the drill bit.

The drill bit preferably includes a pair of axially extending abutment
elements which define the slots that receive the drill tip (hereinafter the
expression “drill tip” will include both single piece and two-piece tips). The
abutment elements can be formed in any suitable manner, such as by
machining, or investment casting, or other suitable process. Preferably the
abutment elements have leading and trailing ends and each slot is formed
toward the leading end rather than the trailing end. This facilitates minimising
the bulk or mass of the abutment elements, because the majority of load the dril
tip experiences during drilling is transmitted to the trailing end of the abutment
elements, whereas the leading ends experience relatively little load.
Accordingly, the leading end can be of a relatively reduced thickness compared
to the trailing end.

The slot formed in each abutment element preferably is generally
rectangular in cross-section and is of a depth sufficient to accept almost the full
height of the drill tip, although the depth of the slots may vary radially with
variation in the height of the drill tip. . If necessary one of the leading or trailing
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ends can have a reduced height compared to the other of those ends. In
particular, the leading end may be of reduced height given that it has relatively
low exposure to load during drilling compared to the trailing end. The cross-
sectional width of each slot preferably is about equal to, although slightly greater
than the cross-sectional width of the drill tip, so that the drill tip is snugly received
within each slot. The radial length of each slot can be equal to the wall thickness
of the drill bit about the through bore, so that the slots can be formed through the
full wall thickness, and do not need to be formed lesser or greater than that
thickness. The base of each slot typically will be flat and will extend generally
perpendicular to the lengthwise axis of the rod or bolt to which the drill bit is
attached, while the upper ends of each slot can be angled, or inclined at the
same, or a similar angle to the cutting edge of the drill tip. Such drill tips often
will be inclined on opposite sides thereof towards a centre apex and for proper
support, the upper slot edges can have the same or similar inclined
configuration.

The drill bit preferably includes a central bore which in use, preferably is
aligned coaxially with the bore formed in the drill rod. The arrangement
preferably is such that the central bore of the drill bit is open at the leading end,
so that flushing medium which is used to flush drilled debris out of the hole being
drilled and, in the case of self drilling roof bolts, glue which is used to secure the
bolt in place in the rock, can be pumped through the central bore of both the drill
rod or bolt and the drill bit, and egress out thereof through the leading end. The
abutment elements must be arranged so as to permit the egress of the flushing
medium and the glue from the central bore. This can be achieved by placement
of the abutment elements on diametrically opposite sides of the central bore, so
that the bore is open on either side of the drill tip which extends across the open
end of the bore.

In a preferred arrangement, the drill tip extends diametrically on either
side thereof beyond the external periphery of the bolt at the leading end. In
other words, the radial extent of the drill tip is greater that the diameter of the bolt

at the leading end.
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If glue is employed to secure the drill tip to the leading end any suitable
glue may be employed. For example, an epoxy resin may be employed.
Advantageously, the use of the glue simplifies the manufacture of the roof bolt,
because the drill tip can be glued to the leading end and the glue left to cure
(possibly at an elevated temperature) without additional processing required.

The attached drawings show an example embodiment of the invention of
the foregoing kind. The particularity of those drawings and the associated
description does not supersede the generality of the preceding broad description
of the invention.

Figure 1 shows the leading end of a roof bolt according to one
embodiment of the present invention.

Figure 2 is a plan view of the roof bolt of Figure 1.

Figure 3 is a radial view of the roof bolt of Figure 1.

Figure 4 is a further side view of the roof bolt of Figure 1 rotated at about
90° from the Figure 3 view.

Figure 1 shows the leading end of a self drilling roof bolt (10) according to
one aspect of the present invention. Typically the bolt (10) would have a length
of about 1800-2400mm and would include an arrangement for driving it to rotate
for drilling purposes. Such an arrangement is usually provided at the trailing end
of the bolt and can comprise the end being formed square or hexagonal for
gripping in a chuck, or can be formed as a nut. Drill rods generaily are driven by
engaging the end in a chuck, whereas roof bolts normally are driven by the nut,
which is later used for tightening the bolt in place.

The bolt (10) is normally formed as a cylinder, having a circular outer
surface and a central circular bore. The outer surface can be formed with ribs
that enhance the secure location of the bolt in a wall and the ribs may be formed
as a thread. Often the thread is formed to be discontinuous to create a
lengthwise flat portion (unthreaded) preferably on each of opposite sides of the
bolt. This facilitates transport of drilled rock debris to the rear end of the bolt for
removal. That removal can be assisted by flushing medium which can be
pumped to the leading end through the central bore for discharge therefrom. It

is possible however to have a continuous thread which extends substantially the
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length of the bolt and in such a bolt, the thread may be deeper to facilitate
clearance of debris. -

As the novel characteristics of the bolt reside in the construction of the
leading end thereof, no further discussion of other parts of the bolt (10) will be
made.

The bolt (10) has a leading end (11) which defines a drill bit for drilling into
rock. The drill bit includes a pair of abutment elements (12, 13) which extend
axially from the leading end (11). The abutment elements (12, 13) are provided
on diametrically opposite sides of the leading end (11). The abutment elements
(12, 13) each have a trailing portion (14) and a leading portion (15), which define
between them slots (16, 17). The slots (16, 17) accommodate a drill tip (18)
which in the illustrated embodiment, extends diametrically across the leading

‘end (11).

The drill tip (18) has a pair of inclined cutting edges (19, 20) (see Figure 3)
which incline towards a central apex (21). The drill tip (18) defines a pair of
axially extending radial edges (22, 23) which extend outside the outer cylindrical
periphery (24) of the leading end (11). The edges (22, 23) are formed as cutting
edges, so than the drill tip (18) drills a hole of greater diameter than the diameter
of the leading end (11) and the remaining bolt body which depends from the
leading end.

Between the trailing portion (14) of one of the abutment elements (12, 13)
and the leading portion (15) of the other of those abutment elements, on each
side of the drill bit (18), the leading end is inclined to form scalloped faces (25).
By this arrangement, frontal clearance is provided for the drill bit (18) to facilitate
drilling action thereof.

The bolt (10) includes a central bore (26) and it can be seen from Figure 2
that the bore (26) is open at the leading end (11), on either side of the drill bit
(18) which extends diametrically across the bore and the leading end. The bore
(26) is used to transport flushing medium to the leading end (11) for flushing
drilled material from the leading end (11) rearwardly and out of the drilled hole,
and for introducing setting adhesive for fixing the bolt (10) within the drilled hole.

The bore (26) can take a variety of different forms and can include branching
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conduits, which extend from the bore (26), to achieve different distribution of
flushing medium or adhesive.

As shown in the figures, the drill tip (18) is accommodated by, or received
within the slots (16, 17). The slots (16, 17) support the drill tip (18) along the
base thereof and along the front and rear faces (27, 28) thereof. By that
support, adhesive glue may be employed to fix the drill tip (18) to the leading
ends. A suitable adhesive glue is Permabond ESP110. By forming the
abutment elements (12, 13) so that the frailing portions (14) thereof, have a
greater bulk or mass than the leading portions (15) thereof, the trailing portions
have a greater load bearing capacity than the leading portions, which is
appropriate, because it is the trailing portions which facilitate the transmission of
drive to the drill tip (18) and it is the trailing portions which accept the major
portion of the load the drill tip experiences during drilling. The leading portions
(15) are exposed to much less load and therefore it is appropriate that they have
much less bulk than the trailing portions. The leading portions in effect act only
to facilitate the secure location of the drill tip (18) to the leading end (11) by
increasing the bond area for adhesive bonding. Accordingly, the absence of the
leading portions (15) would mean that the drill tip (18) would have to be secured
to the leading end (11) by other arrangements, such as by welding, soldering or
brazing. However, because the leading portions (15) increase the bond area,
adhesive glues become appropriate for use providing the advantages set out
earlier.

It will be appreciated that the self drilling roof bolt illustrated in the
drawings has the drill bit arrangement of the invention integrally formed with the
elongate bolt body of the bolt. However, it is equally permissible that the drill bit
be formed separately from the bolt body and fixed thereto by any suitable
attachment arrangement. For example, the drill bit may be formed for threaded
connection to the bolt body. Moreover, in relation to drill rods, it is generally
necessary for the drill bit to be replaceable, so that when the drill tip has worn,
the drill bit can be removed and replaced. Self drilling roof bolts do not have this
requirement, because the bolt only experiences a single drilling operation, at the

completion of which the bolt is fixed within the drilled hole.
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The construction of the drill bit of the present invention and of drill rods
and self drilling roof bolts which employ the present invention, advantageously
facilitates the preferred use of adhesive glue for securing a drill tip to a bolt, and
consequently simplifies the manufacture of drill rods and self drilling roof bolts,
and reduces their overall cost, as well as the cost of associated machinery used
in their manufacture.

The invention described herein is susceptible to variations, modifications
and/or additions other than those specifically described and it is to be
understood that the invention includes all such variations, modifications and/or

additions which fall within the spirit and scope of the above description.
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Claims:

1. A drill bit for attachment to an elongate drill rod, said drill bit including means
for attachment to an end of said drill rod, and a leading end which defines a pair
of diametrically opposed slots which open axially for receipt of a portion of a drill
tip which projects axially from said slots, said drill tip being fixedly secured within

each of said slots.

2. A drill bit according to claim 1, including a pair of axially extending abutment

elements which each define one of said slots.

3. A drill bit according to claim 2, said abutment elements each having leading
and trailing ends relative to the direction of rotation for drilling, each said slot
being formed toward said leading ends of said abutment elements.

4. A drill bit according to claim 3, said leading end being of reduced height

relative to said trailing end.

5. A drill bit according to any one of claims 2 to 4, wherein said drill bit includes a
central through bore and the radial length of each said slot is equal to the length

of said drill bit between said through bore and an outer surface of said drill bit.

6. A drill bit according to any one of claims 1 to 5, each said slot being generally
rectangular in cross-section and of a depth to accept substantially the full height

of said drill tip.

7. A drill bit according to claim 6, said height of said slots varying through the
radial length thereof to accommodate height variation in said drill tip, so that the

axial projection of said drill tip from each said slot is substantially constant.
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8. A drill bit according to any one of claims 1 to 7, said slots having a cross-
sectional width slightly greater than the thickness of said drill tip, for snug receipt

of said drill tip within each said slot.

9. A drill bit according to any one of claims 1 to 8, said drill tip being of single

piece construction and extending radially across said leading end of said drill bit.

10. A drill bit according to any one of claims 1 to 8, said drill tip being of two-
piece construction, each piece being received within a respective slot and the

pieces being separated centrally by a gap.

11. A drill bit according to any one of claims 1 to 10, said drill tip being secured

within said slots by adhesive glue.

12. A drill bit according to any one of claims 1 to 10, said drill tip being secured

within said slots by welding or soldering or brazing.

13. A drill bit according to claim 1, said drill bit including a central through bore

for alignment with a central bore of said drill rod.

14. A drill rod for drilling into rock, including an elongate body and a drill bit at
one end thereof, a central bore extending through said elongate body and
communicating with a bore in said drill bit for transport of flushing medium
through said drill rod to egress through said drill bit, said drill bit having a leading
end which defines a pair of diametrically opposed slots which open axially for
receipt of a drill tip which projects axially from said slots, said drill tip being

fixedly secured within each of said slots.

15. A drill rod according to claim 14, said drill tip being secured within said slots

by adhesive glue.
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16. A drill rod according to claim 14 or 15, said drill bit being separately

attachable to said elongate body.

17. A self drilling roof bolt for drilling and bolting into rock, including an elongate
body and a drill bit at one end thereof, a central bore extending through said
elongate body and communicating with a bore in said drill bit for transport of
medium through said bolt to egress through said drill bit during drilling and during
fixing of said bolt when drilling is completed, said drill bit having a leading end
which defines a pair of diametrically opposed slots which open axially for receipt
of a drill tip which projects axially from said slots, said drill tip being fixedly

secured within each of said slots.

18. A drill rod according to claim 17, said drill tip being secured within said slots

by adhesive glue.

19. A self drilling roof bolt according to claim 17 or 18, said drill bit being

separately attachable to said elongate body.
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