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(54) PERCUSSIVE DRILL BIT WITH RADIALLY EXTENDED FRONT FACE

(57) A percussive rock drill bit comprising a head pro-
vided at one end of an elongate shank, a plurality of a
peripheral gauge support segments supporting a set of
gauge buttons. The forward facing front face of the bit

head comprises respective extension portions that
project radially outward at a perimeter of the front face
that overlap radially with an inner part of the gauge but-
tons.
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Description

Field of invention

[0001] The present invention relates to a rock drill bit
and in particular, although not exclusively, to a percus-
sion rock drill bit having a head with a plurality of forward
facing front cutting inserts mounted on an axially forward
front face that is radially extended to assist a set of pe-
ripheral gauge cutting inserts abrade rock during cutting.

Background art

[0002] Percussion drill bits are widely used both for
drilling relatively shallow bores in hard rock and for cre-
ating deep boreholes. For the latter application, a drill
string is typically used in which a plurality of rods are
coupled end-to-end via threaded joints as the depth of
the bore increases. A terrestrial machine is operative to
transfer a combined impact and rotary drive motion to an
upper end of the drill string whilst a drill bit positioned at
the lower end is operative to abrade the rock and form
the boreholes. WO 2006/033606 discloses a typical drill
bit comprising a drill head that mounts a plurality of hard
cutting inserts, commonly referred to as buttons. Such
buttons typically comprise a carbide based material to
enhance the lifetime of the drill bit.
[0003] Conventionally, drill bits comprises a plurality
of gauge buttons distributed circumferentially at an outer
perimeter of the head that are configured to engage the
rock and determine the diameter of the borehole. The
head also mounts a plurality of front cutting buttons dis-
tributed over the front face to assist forward drilling. Fur-
ther example drill bits having front and gauge cutting but-
tons are described in WO 2008/066445; US
2002/0153174; WO 2012/174607 and US
2007/0039761.
[0004] Drill bit lifetimes are typically dictated by the ex-
tend of wear of the gauge buttons as it is these buttons
that provide the primary cutting action and have the high-
est wear rate at the cutting head. Accordingly, what is
required is a drill bit configured to extend the operational
lifetime of the gauge buttons to increase the service life
of the drill bit.

Summary of the Invention

[0005] It is a primary objective of the present invention
to provide a percussive drill bit that is configured for max-
imised forward penetration rate into the rock whilst max-
imising the service lifetime of the bit as far as possible.
[0006] It is a specific objective to provide a drill bit head
that minimises accelerated wear of the gauge buttons. It
is a further specific objective to provide a front cutting
face and a set of front cutting buttons that are configured
to assist the gauge buttons and facilitate cutting at a pe-
rimeter region of the drill bit head.
[0007] Reference within this specification to cutting

buttons encompasses alternative terms that include cut-
ting inserts including specifically front and gauge cutting
inserts. As will be appreciated, these and equivalent
terms encompass components formed from a high hard-
ness material having a hardness greater than a main
body of the drill bit. Typically, such cutting buttons com-
prise carbide based materials.
[0008] The objectives are achieved by providing a drill
bit having a cutting head with a forward facing cutting
face that is extended radially outward and configured to
positionally and mountably support at least one radially
outermost front cutting insert at a close or overlapping
radial position with a set of outermost, peripheral gauge
cutting inserts. Advantageously, such radially outermost
front cutting inserts via respective front face radial exten-
sion portions provide a contribution to the gauge cutting
inserts when cutting the perimeter region of the borehole.
This ’sharing of’ or contribution to the peripheral cutting
action by at least one or a plurality of the front cutting
inserts is beneficial to minimise with the rate of wear of
the gauge cutting inserts and accordingly to extend the
operational lifetime of the drill bit.
[0009] According to a first aspect of the present inven-
tion there is provided a percussive rock drill bit compris-
ing: a head provided at one end of an elongate shank,
the head having a forward facing front face; a plurality of
front cutting inserts distributed at the front face; a plurality
of peripheral gauge support segments positioned at a
perimeter of the front face and each having a forward
facing gauge mount face being declined to extend axially
rearward from the perimeter of the front face and having
an angular orientation different to the front face; at least
one gauge cutting insert provided at each respective
gauge mount face; characterised in that: between the
gauge mount faces in a circumferential direction, an ex-
tension portion of the front face extends radially outward
beyond an imaginary first circle centred on a longitudinal
axis of the drill bit, the circle touching a radially innermost
edge of each gauge mount face.
[0010] Preferably, each gauge mount face is planar.
Optionally, each gauge mount face may be concave. Im-
portantly, each gauge mount face is not convex so as to
be bowed axially forward and is not accordingly rounded
in a circumferential direction such that an inner edge of
each gauge mount face is arcuate to follow a circular
pathway around the central longitudinal axis. By provid-
ing a gauge mount face that is planar or concave, the
gauge mount face and indeed the gauge support seg-
ments at the region of the front face are adapted to ac-
commodate the extension portion of the front face that
may be considered to project radially outward between
the forwardmost region of the circumferentially separated
gauge support segments. Preferably, the radially inner-
most edge of each gauge mount face is linear/straight.
Accordingly, the radially innermost edges of each gauge
mount face is separated in a circumferential direction by
a radially outermost edge portion that together define the
collective perimeter of the front face. Preferably the pe-
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rimeter of the front face is non-circular. Preferably the
perimeter of the front face is at least partially polygonal
and defined by linear/straight edges. Optionally, at least
a part of the perimeter is defined by concave edges that
represent axially forwardmost regions/edges of the flush-
ing channels.
[0011] The extension portion of the front face is advan-
tageous to provide material at the head to securely mount
and support a radially outermost front cutting insert at a
peripheral region of the head. The radially outermost front
cutting inserts are adapted to assist the gauge cutting
inserts during cutting of the rock strata. The radially out-
ermost front cutting inserts (mounted exclusively on the
front face) may be positioned radially close to the gauge
cutting inserts or may be positioned to overlap radially at
least an inner part of the gauge cutting inserts. However,
with all embodiments, the radially outermost front cutting
inserts are effective to either cut or destabilise the rock
strata at the region immediately inboard of the gauge
buttons so as to increase the cutting efficiency and re-
duce the wear rate of the gauge buttons.
[0012] Optionally, the front face may comprise at least
one angular orientation relative to an imaginary plane
perpendicular to the longitudinal axis and each gauge
mount face is declined relative to the imaginary plane by
an angle greater than a maximum angle by which the
front face is declined relative to the imaginary plane. Op-
tionally, at least a part of the front face is declined to
extend axially rearward such that an annular radially out-
er region is positioned axially rearward relative to a radi-
ally inner region of the front face. Optionally, the radially
inner region has at least one first angular orientation and
the annular radially outer region has at least one second
angular orientation different to the first angular orienta-
tion. Such configurations are effective to provide a gen-
erally dome-shaped front face in which a central region
is raised axially relative to a peripheral region for max-
imised cutting efficiency and forward penetration rate.
However, the present invention is suitable for use with a
generally planar front face or a front face configuration
having a central concave section with such profiles being
known within the art. Preferably, a radially inner part of
each gauge cutting insert is positioned radially within a
second imaginary circle that touches a radially outermost
edge of each extension portion. Each of the gauge but-
tons therefore overlap radially with the extension portion
of the front face to facilitate the combined cutting action
of the front cutting buttons and the gauge buttons.
[0013] Optionally, each extension portion is positioned
between neighbouring gauge mount faces in a circum-
ferential direction around the longitudinal axis to radially
overlap a radially inner region of the gauge mount faces.
Optionally, a radially outermost exposed part of at least
one radially outermost front cutting insert is mounted on
the extension portion. As such, the radially outermost
exposed part provides a direct contribution to the cutting
action of the gauge buttons as at least a radially outer-
most part of the radially outermost front buttons overlap

radially with a radially innermost part of each of the gauge
buttons. Optionally, the radially outermost exposed part
is positioned between two neighbouring gauge cutting
inserts in a circumferential direction around the longitu-
dinal axis.
[0014] Optionally, the drill bit comprises a single gauge
cutting insert provided respectively at each gauge mount
face. Optionally, each gauge mount face may comprise
two, three, four or five gauge buttons as required.
[0015] Preferably, the drill bit comprises an internal
bore and at least one passageway extending axially from
a forward end of the bore to emerge as at least one open-
ing at the front face. Optionally, the front face comprises
three, four, five or six openings provided in fluid commu-
nication with the internal bore for the delivery of a flushing
fluid to the front face.
[0016] Optionally, the front cutting inserts are grouped
into sets with each set positioned at a different radial
distance from the longitudinal axis and each insert of
each respective set is positioned at the same radial dis-
tance. Such an arrangement is advantageous to provide
a distribution of cutting buttons at the head that is opti-
mised to withstand frictional wear consistently at varying
radial positions from the axial centre of the bit. Such an
arrangement also enhances the drilling rate and reduces
the wear rate of the various buttons at the front face and
gauge mount faces. As will be appreciated, arranging the
inserts into groups is beneficial to extend the service life-
time of the drill bit having consideration of the different
numbers and angular velocities of the inserts within the
different sets.
[0017] Preferably, the drill bit comprises a first radially
inner set and a second radially outer set, the radially outer
set including a radially outermost front cutting insert. The
radially inner set may comprise one, two, three, four or
five cutting inserts and the radially outer set may com-
prise three, four, five, six, seven, eight, nine or ten cutting
inserts. Optionally, the front face may comprise two,
three, four or five sets of cutting inserts with the inserts
of each set positioned at the same radial separation dis-
tance from the longitudinal axis. Optionally, the bit may
comprise four, five, six, seven, eight, nine or ten gauge
buttons. The drill bit may further comprise four, five, six,
seven, eight, nine or ten of gauge support segments and
gauge mount faces.
[0018] According to a further aspect of the present in-
vention there is provided a percussive rock drill bit com-
prising: a head provided at one end of an elongate shank,
the head having a forward facing front face; a plurality of
front cutting inserts distributed at the front face; a plurality
of peripheral gauge support segments positioned at a
perimeter of the front face and each having a forward
facing gauge mount face being declined to extend axially
rearward from the perimeter of the front face and having
an angular orientation different to the front face; at least
one gauge cutting insert provided at each respective
gauge mount face; characterised in that: between the
gauge mount faces in a circumferential direction, an ex-
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tension portion of the front face extends radially outward
beyond a radially innermost exposed region or part of
each gauge cutting insert.

Brief description of drawings

[0019] A specific implementation of the present inven-
tion will now be described, by way of example only, and
with reference to the accompanying drawings in which:

Figure 1 is a perspective view of a percussive rock
drill bit having a head and a shank according to a
specific implementation of the present invention;

Figure 2 is a plan view of the head of the rock drill
bit of figure 1 including an imaginary circle provided
at a perimeter of a front face;

Figure 3 is a perspective view of a perimeter region
of the head of drill bit of figure 2 including the first
and a second imaginary circle;

Figure 4 is a perspective view of a peripheral region
of the head of the drill bit of figure 3 with selected
components removed for illustrative purposes;

Figure 5 is a perspective view of a further embodi-
ment of a percussive rock drill bit according to one
aspect of the present invention;

Figure 6 is a plan view of the head of the drill bit of
figure 5 including a first and a second imaginary circle
at a peripheral region of the head;

Figure 7 is a perspective view of a peripheral region
of the head of the drill bit of figure 6 with selected
components removed for illustrative purposes.

Detailed description of preferred embodiment of the in-
vention

[0020] Referring to figure 1, a drill bit 10 comprises a
head 11 formed at one end of a generally elongate shank
12. Head 11 and shank 12 are centred on a longitudinal
axis 13 extending through bit 10. The head 11 comprises
an axially forward facing front face indicated generally
by reference 15. According to the specific implementa-
tion, front face 15 is divided into a radially innermost part
16 and an annular radially outer part 17 that surrounds
part 16. Gauge support segments 14 project radially out-
ward at a peripheral region of head 11 and are divided
in a circumferential direction around axis 13 by flushing
channels 21 extending axially from front face 15 towards
the rearward elongate shank 12. Channels 21 effectively
divide head 11 at its perimeter into the gauge support
segments 14.
[0021] Each gauge support segment 14 comprises an
axially forward facing gauge mount face 22. Each gauge

mount face 22 is declined rearwardly from front face 15
and in particular radially outer part 17. Each gauge mount
face 22 is planar between a respective radially inner edge
24, a radially outer perimeter edge 26 and first and sec-
ond edges 27, 28 that define respective ends of gauge
mount face 22 in the circumferential direction around axis
13. The inner edge 24 corresponds to a radially outermost
perimeter edge 23a of the front face 15. A part 23b of
perimeter edge 23a is positioned in a circumferential di-
rection between neighbouring segments 14 and in par-
ticular gauge mount faces 22 and represents a radially
outermost edge of each extension portion 17a.
[0022] The angle by which each gauge mount face 22
is declined to extend axially rearward from perimeter
edge 23a is greater than an angular orientation of front
face 15 at both the radially inner and outer parts 16, 17.
According to the specific implementation, each inner and
outer part 16, 17 is facetted to comprise an angular ori-
entation relative to a plane perpendicular to axis 13. In
particular, front face 15 may be considered to be at least
partially dome shaped with the dome centred on axis 13
in that inner part 16 is raised axially relative to outer part
17 which is in turn positioned axially forward of each of
the planar declined gauge mount faces 22.
[0023] Three flushing fluid openings 20 are provided
at front face 15 and represent exit ends of passageways
that extend internally within head 11 to communicate with
an internal bore (not shown) extending axially within
shank 12. Accordingly, a flushing fluid, according to con-
ventional configurations is capable of being delivered to
front face 15 via openings 20. As with conventional con-
figurations, flushing channels 21 are adapted to provide
axial rearward transport of the flushing fluid together with
rock fragments and fines to facilitate forward cutting.
[0024] A plurality of front cutting buttons are distributed
at front face 15 and include a set of radially inner front
cutting buttons 30 and a set of radially outer front cutting
buttons 19. Inner buttons 30 are provided within front
face inner part 16 whilst outer buttons 19 are provided
at front face outer part 17. All buttons 30, 19 are provided
exclusively within each respective part 16, 17 and do not
overlap onto/into the respective neighbouring part 17,
16. Additionally, front buttons 19 are positioned and
mounted exclusively within front face 15 and no part of
buttons 19 are mounted and positioned so as to extend
from any one of the gauge mount faces 22. A respective
gauge button 18 is provided at each segment 14 so as
to project axially forward from each respective gauge
mount face 22. Referring to figures 2, due to the angular
orientation of each gauge mount face 22, an axis 25 of
each gauge button 18 is orientated radially outward at
an acute angle from bit axis 13 such that each gauge
button 18 comprises an axis 25 that is deflected radially
outward.
[0025] Referring to figures 2 and 3, the present inven-
tion may be defined relative to an imaginary circle indi-
cated generally by reference 29 centred on axis 13. Circle
29 comprises a diameter (radius) corresponding to a min-
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imum separation distance 32 between axis 13 and the
radially innermost edge 24 of each gauge mount face 22
(corresponding to the minimum separation distance of
perimeter edge 23a of front face 15 from axis 13). In
particular, front face 15 at outer part 17 comprises an
extension portion indicated generally by reference 17a
that extends radially outward from imaginary circle 29.
Extension portion 17a accordingly extends in a circum-
ferential direction between neighbouring gauge mount
faces 22. As such, extension portion 17a overlaps radially
with an inner portion of each gauge mount face 22.
[0026] According to the specific implementation of fig-
ure 1 to 4, a portion of each radially outermost front cutting
button 19 is positioned at front face 15 to extend from
front face extension portion 17a. That is, an exposed part
19a of button 19 (that is visible and projects axially for-
ward from front face 15) extends from front face extension
portion 17a whilst a further part 19b is mounted within
and extends from a radially inner portion of front face 15
(within part 17).
[0027] Aspects of the invention may also be illustrated
with reference to a second imaginary circle 31 also cen-
tred on axis 13. Second circle 31 comprises a diameter
(radius) corresponding to a separation distance 33 be-
tween axis 13 and front face perimeter edge 23b that
extends in a circumferential direction between the re-
spective ends of the innermost edge 24 of gauge mount
faces 22. Accordingly, second imaginary circle 31 is po-
sitioned radially outside the first imaginary circle 29. An
exposed radially inner part 18a of each gauge button 18
(that is visible and projects axially forward from gauge
mount face 22) is positioned so as to extend from gauge
mount face 22 radially within second imaginary circle 31.
A second radially outer portion 18b of each gauge button
18 extends from a radially outer part of each gauge mount
face 22. Accordingly, the region radially between the first
and second imaginary circles 29, 31 includes the front
face extension portions 17a, the radially outer part 19a
of the radially outermost front cutting buttons 19, a radially
inner portion of each gauge mount face 22 and inner part
18a of each gauge button 18. As such, part 19a of the
radially outermost front cutting buttons 19 overlaps radi-
ally with part 18a of each of the gauge buttons 18. This
radial overlap is provided by front face extension portion
17a that extends radially outward beyond first imaginary
circle 29. Such an arrangement is advantageous to en-
able the radially outermost front buttons 19 to be posi-
tioned radially outward towards gauge buttons 18 and
optionally to overlap radially according to the embodi-
ment of figures 1 to 4. The front face extension portion
17a provides structural support at the peripheral region
of head 11 immediately inboard of segments 14 so as to
provide sufficient material at head 11 to support buttons
19 at this peripheral region. Positioning the radially outer
front buttons 19 radially as close as possible to gauge
buttons 18 has been found to facilitate the cutting action
undertaken by gauge buttons 18 which in turn reduces
the gauge button wear rate and accordingly extends the

operations lifetime of the bit 10.
[0028] A further embodiment of the present invention
is described referring to figures 5 and 7. According to the
further embodiment, head 11 and in particular front face
15 also comprises front face extension portions 17a that
extend radially outward beyond imaginary circle 29 cen-
tred on axis 13 with circle 29 touching the radially inner-
most edges 24 of each gauge mount face 22 as described
with reference to the embodiment of figures 1 to 4. Whilst
nearly all the features, function and aspects of the two
embodiments are the same, according to the further em-
bodiment, the radially outermost front buttons 19 are
mounted exclusively within imaginary circle 29 and do
not extend into the extension portions 17a. However, re-
ferring to the second imaginary circle 31, a radially inner
part 18a of each of the gauge buttons 18 is positioned
radially between the first and second imaginary circles
29, 31 so as to overlap radially with front face extension
portions 17a. According to this embodiment, extension
portions 17a are advantageous to provide sufficient ma-
terial at head 11 to support positionally and structurally
each of the radially outermost front buttons 19. With the
embodiment of figures 5 to 7, the radially outermost front
buttons 19 still provide assistance to the cutting action
of the gauge buttons 18 as the circular cutting pathways
created by the respective buttons 19, 18 very nearly over-
lap radially. It is believed that the very close radial posi-
tioning of buttons 19 and 18 is sufficient to lead to unsta-
ble annular ridges within the rock strata (defined between
buttons 19 and 18) with such ridges being very suscep-
tible to fracture, cracking and accordingly disintegration
during the percussive drilling action. Accordingly, re-
duced wear rates of the gauge buttons 18 is provided to
accordingly extend the operational lifetime of bit 10.

Claims

1. A percussive rock drill bit (10) comprising:

a head (11) provided at one end of an elongate
shank (12), the head (11) having a forward fac-
ing front face (15);
a plurality of front cutting inserts (19, 30) distrib-
uted at the front face (15);
a plurality of peripheral gauge support segments
(14) positioned at a perimeter of the front face
(15) and each having a forward facing gauge
mount face (22) being declined to extend axially
rearward from the perimeter of the front face (15)
and having an angular orientation different to
the front face (15);
at least one gauge cutting insert (18) provided
at each respective gauge mount face (22);
characterised in that:

between the gauge mount faces (22) in a
circumferential direction, an extension por-
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tion (17a) of the front face (15) extends ra-
dially outward beyond an imaginary first cir-
cle (29) centred on a longitudinal axis (13)
of the drill bit (10), the circle (29) touching
a radially innermost edge (24) of each
gauge mount face (22).

2. The drill bit as claimed in claim 1 wherein each gauge
mount face (22) is planar.

3. The drill bit as claimed in claim 2 wherein the radially
innermost edge (24) of each gauge mount face (22)
is linear.

4. The drill bit as claimed in any one of claims 1 to 3
wherein the front face (15) comprises at least one
angular orientation relative to an imaginary plane
perpendicular to the longitudinal axis (13) and each
gauge mount face (22) is declined relative to the im-
aginary plane by an angle greater than a maximum
angle by which the front face (15) is declined relative
to the imaginary plane.

5. The drill bit as claimed in any preceding claim where-
in at least a part of the front face (15) is declined to
extend axially rearward such that an annular radially
outer region (17) is positioned axially rearward rela-
tive to a radially inner region (16) of the front face
(15).

6. The drill bit as claimed in claim 5 wherein the radially
inner region (16) has at least one first angular orien-
tation and the annular radially outer region (17) has
at least one second angular orientation different to
the first angular orientation.

7. The drill bit as claimed in any preceding claim where-
in a radially inner part (18a) of each gauge cutting
insert (18) is positioned radially within a second im-
aginary circle (31) that touches a radially outermost
edge (23b) of each extension portion (17a).

8. The drill bit as claimed in any preceding claim where-
in each extension portion (17a) is positioned be-
tween neighbouring gauge mount faces (22) in a cir-
cumferential direction around the longitudinal axis
(13) to radially overlap a radially inner region of the
gauge mount faces (22).

9. The drill bit as claimed in any preceding claim where-
in a radially outermost exposed part (19a) of at least
one radially outermost front cutting insert (19) is
mounted on the extension portion (17a).

10. The drill bit as claimed in claim 9 wherein said radially
outermost exposed part 19a) is positioned radially
outward beyond a radially innermost exposed part
(18a) of at least one gauge cutting insert (18).

11. The drill bit as claimed in claim 9 or 10 wherein said
radially outermost exposed part (19a) is positioned
between two neighbouring gauge cutting inserts (18)
in a circumferential direction around the longitudinal
axis (13).

12. The drill bit as claimed in any preceding claim com-
prising a single gauge cutting insert (18) provided
respectively at each gauge mount face (22).

13. The drill bit as claimed in any preceding claim com-
prising an internal bore and at least one passageway
extending axially from a forward end of the bore to
emerge as at least one opening (20) at the front face
(15).

14. The drill bit as claimed in any preceding claim where-
in the front cutting inserts (19, 30) are grouped into
sets with each set positioned at a different radial dis-
tance from the longitudinal axis and each front cut-
ting insert (19, 30) of each respective set is posi-
tioned at the same radial distance.

15. The drill bit as claimed in claim 14 comprising a first
radially inner set (30) and a second radially outer set
(19), the radially outer set (19) including a radially
outermost front cutting insert.
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