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(54) Cone Cutter for Rotary Cutting Bit

(57) A cone cutter (103) for mounting at a rotary cut-
ting bit (100) having a plurality of vent passageways (304)
extending through the wall (401) between an inward
(301) and an outward (302) facing surface of the cutter.

The passageways allow an exhaust flow of fluid from
within the cavity and are optimised to direct the exhaust
fluid flow stream radially outward and axially rearward of
the cone cutter.
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Description

Field of invention

[0001] The present invention relates to a cone cutter
for mounting at a rotary cutting bit and in particular, al-
though not exclusively, to a cone cutter having a main
body and a plurality of vent passageways extending
through the wall of the body to be capable of directing a
flow of a fluid outwardly from an internal cavity of the
cutter.

Background art

[0002] Rotary drills have emerged as an effective tool
for specific drilling operations such as the creation of blast
holes and geothermal wells. The drill typically comprises
a rotary drill bit having three journal arms that mount re-
spective cone-shaped rolling cutters via bearing assem-
blies that includes rollers and balls to minimise friction
during use.
[0003] Typically, the drill bit is attached to one end of
a drill string that is driven into the borehole via a rig. The
cutting action is achieved by generating axial feed and
rotational drive forces that are transmitted to the drill bit
via the drill rods couple end-to-end. Each of the cone-
shaped cutters comprise hardened cutting elements typ-
ically referred to as buttons, inserts, chisels and the like
being commonly formed from a cemented carbide mate-
rial. The cutting buttons are positioned at discreet exter-
nal annular rows on the cone cutter with different buttons
at different axial regions being optimised to achieve the
desired cutting action as the drill string and drill bit rotate.
[0004] So as to cool the antifriction bearings, air is typ-
ically supplied down the drill string through the journal
arms and into the bearing assemblies. The air circulates
around the bearings within each cavity of each cone cut-
ter and is vented via the cavity mouth. Example rotating
bits and cutters are described in US 3,193,028; US
3,921,735; US 4,688,651 and US 4,421,184.
[0005] However, existing cone cutters and rotary drill
bits are disadvantageous for a number of reasons. Prin-
cipally, the air is vented through the mouth region of the
cone cutter cavity and this introduces problems and com-
plexity with attempting to seal or partition the cavity and
hence the bearing assembly from the dust laden envi-
ronment within which the cutting bit is operational. It is
not uncommon for dust and particles to pass into the
cavity and cause premature wear of the bearings. Addi-
tionally, exhausting through the cavity mouth and around
the spindle that mounts the bearing assembly at the jour-
nal arm causes undesirable agitation of the dust partic-
ulates around the region of the cone cutter that can lead
to accumulation of dust and debris at undesirable loca-
tions that may be detrimental to the drilling rate and cause
premature wear of the drill bit components. Accordingly,
what is required is a cone cutter and a drill bit that ad-
dresses the above problem.

Summary of the Invention

[0006] It is an objective of the present invention to pro-
vide a cone cutter for a drill bit having an exhaust pathway
for a fluid supplied to a bearing assembly that mounts
the cone cutter at the drill bit that is effective to avoid
contamination of the bearing assembly with rock parti-
cles, dust and fines whilst optimising the flow path to
achieve maximum cooling of the bearings for a given
volume of cooling fluid supplied to the drill bit.
[0007] It is a further specific objective to provide a fluid
coolant exhaust at the cone cutter that is effective to dis-
sipate cut rock fragments and dust away from the region
of the journal arm and the base of the cone cutter. Ac-
cordingly, it is a further specific objective to provide an
exhaust fluid flow passageway that is effective to direct
the exhausted fluid axially rearward so as to entrain cut
particles for axially rearward transport away from the
cone cutter.
[0008] According to a first aspect of the present inven-
tion there is provided a cone cutter for mounting at a
rotary cutting bit, the cone cutter comprising: a generally
cone-shaped main body having an annular wall extend-
ing around a longitudinal axis of the cutter, the wall de-
fined by a radially outward facing surface and a radially
inward facing surface, an internal cavity defined by the
inward facing surface suitable for mounting on a bearing
assembly of a rotary cutting bit; a plurality of cutting but-
tons mounted at the outward facing surface; character-
ised by: a plurality of vent passageways extending
through the wall between the outward and inward facing
surfaces to allow a flow of a fluid from within the cavity
to exit the main body through the wall.
[0009] The cone cutter may be further defined as com-
prising an apex region and a base region wherein the
walls extend axially between the apex region and the
base region. The cavity is open at the base region by
way of a generally circular mouth. Preferably, the pas-
sageways extend transverse and optionally perpendicu-
lar to the axis within the wall at an axial position between
the apex region and the base region. Optionally, the
shape, configuration and size of the mouth is configured
for positioning over and about an axel or spindle that
supports the bearing assembly at the journal arm such
that the mouth comprises a diameter being slightly great-
er than a diameter of the spindle.
[0010] Optionally, the cone cutter and in particular the
outward facing surface may be considered to be divided
into axial sections extending between the apex region
and base region. The relative angular alignment of the
outward facing surface at the different axel regions is
different so as to create the cone-shaped profile. In par-
ticular, the cutter comprises a plurality of sections ar-
ranged axially at the outward facing surface, the sections
comprising: a heel row provided towards a base of the
cone having heel buttons; a drive row provided towards
an apex of the cone having drive buttons; and a gauge
row provided axially intermediate the heel and drive rows,
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the gauge row comprising gauge buttons. Optionally, the
heel row represents an ’under-cut’ region of the cutter
such that the outward facing surface is inclined at an
opposite angle to the outward facing surface towards the
dome region relative to the axis.
[0011] Preferably, the passageways emerge at the
outward facing surface within the heel row. Directing the
exhaust fluid flow through the axially rearward facing heel
row of the cutter is advantageous to provide an exhaust
fluid stream that projects axially rearward and radially
outward from the cutter. This has the effect of transporting
rearwardly and axially dust and debris particles away
from the journal arm and in particular the region between
the cutter and the journal. Such an arrangement is ad-
vantageous over conventional bit assemblies that ex-
haust the fluid through the cavity mouth as such arrange-
ments can lead to dust particles being forced into the
cavity. The axially rearward and radially outward flow
path from the current passageways is effective to con-
tinuously clean the region of the journal arm immediately
behind the cutter. Additionally, due to the transverse
alignment of the passageways relative to the axis, air
turbulence at an axially forward position of the cutter is
minimise as the majority of the air stream is specifically
directed axially rearward from the cutting buttons and is
not deflected or reflected by the journal arm as with con-
ventional cutting bit arrangements.
[0012] Preferably, the passageways continue through
and emerge at respective heel buttons. Accordingly, the
cutter comprises a plurality of specifically configured cut-
ting buttons that have a central bore having a diameter
corresponding to a diameter of each passageway so as
to mate in co-alignment as a seamless continuous pas-
sageway extending through the wall and the respective
cutting button. Exiting the passageways at cutting but-
tons is advantageous to protect the exit aperture of each
passageway from damage caused by frictional contact
with the rock and debris material within the borehole.
However, according to further specific implementations,
the passageways may exit the wall at the region of the
outward facing surface between cutting buttons. In such
arrangements, the exit aperture of the passageways may
be protected by suitable annular shields or guards that
surround the immediate vicinity of the edge that defines
the exit aperture at the outward facing surface.
[0013] Preferably, the passageways comprise an elon-
gate length extending between the outward and inward
facing surfaces that is aligned at a declined angle through
the wall relative to the axis such that the passageways
emerge at the inward facing surface at an axial position
closer to the apex of the cone than a region where the
passageways emerge at the outward facing surface.
Such an arrangement is advantageous to avoid debris
particles and dust traveling radially inward through the
passageways from the dust laden environment surround-
ing the cone cutter. Additionally, the transverse orienta-
tion of the passageways relative to the axis is effective
to create a desired flow path of the coolant fluid within

the cavity and around the bearings. The under-cut region
of the heel row is advantageous for the exhaust apertures
of the passageways as this region is effectively shielded
from the dust particles by the majority of the cone main
body.
[0014] Optionally, an orientation of the passageways
is substantially perpendicular to the outward facing sur-
face at the heel row. The transverse alignment of the
passageways is advantageous to provide a smooth air
flow path from within the cavity and to assist with cooling
of the bearing assembly by creating a desired air flow
circuit within the cavity. Preferably, the passageways
emerge at the inward facing surface at substantially the
same axial position corresponding to the position of the
gauge row. This relative axial position of the entry aper-
tures of the respective passageways does not compro-
mise the structural integrity of the cutter and is effective
to optimise the air flow path and cooling of the bearing
assembly.
[0015] Optionally, the outward facing surface at the
heel row is inclined relative to the axis at an angle in the
range 50 to 70° or 55 to 65° This relative inclined orien-
tation of the heel row surface enables the heel buttons
to assist the cutting action of the gauge buttons and to
exhaust the coolant fluid in a desired orientation as rel-
atively focussed streams of fluid as the cone cutter ro-
tates.
[0016] Optionally, at least some of the passageways
emerge at the outward facing surface within the gauge
row. Accordingly, the cone cutter may comprise a first
set of passageways emerging at the heel row and a sec-
ond set of passageways emerging at the gauge row. Ac-
cording to further specific embodiments, the cutter may
comprise a further set of passageways emerging at the
drive row. Optionally, any such further passageway may
emerge at the outward facing surface within respective
cutting buttons so as to protect the exit aperture of the
passageways from frictional wear.
[0017] Preferably, the passageways comprise a length
having a substantially uniform cross-sectional area be-
tween the inward and outward facing surfaces. A gener-
ally unchanging cross sectional area of the passageway
is effective to provide a smooth and unrestricted exhaust
of coolant fluid from within the cavity. Such an arrange-
ment is also convenient for manufacturing. Optionally,
the cross sectional area of each passageway decreases
from the inward to the outward facing surface to reduce
the likelihood of debris rock particles penetrating into the
cavity and in contact with the bearings via the passage-
ways. Optionally, a diameter of the passageways is sub-
stantially half a diameter of a base of each of the cutting
buttons. Accordingly, the integrity of the cutting buttons
that comprise a central bore is not unduly compromised.
Such specifically configured buttons are therefore still
capable of assisting with the cutting action of adjacent
’unmodified’ buttons.
[0018] Preferably, the passageways are uniformly dis-
tributed around the axis. The even-spacing of the pas-

3 4 



EP 2 907 964 A1

4

5

10

15

20

25

30

35

40

45

50

55

sageways around the axis in a circumferential direction
provides a balanced fluid flow that does not compromise
the rotational stability of the cutter mounted at the bearing
assembly. Optionally, the entry and exit apertures of each
of the set of passageway are positioned at the same axial
location/height at the wall of the cutter. Again, such an
arrangement provides a smooth exit fluid flow from the
cutter and a controlled flow of fluid around the bearing
assembly.
[0019] According to a second aspect of the present
invention there is provided a rotary cutting bit for cutting
rock comprising: at least one journal arm; a bearing as-
sembly mounted at the journal arm; a cutter as claimed
herein mounted at the bearing assembly via the cavity
so as to be capable of rotation relative to the journal arm.
[0020] Optionally, the cutting bit may comprise three
arms and three respective bearing assemblies and cut-
ters. Such an arrangement is advantageous to optimise
the cutting or drill rate with respect to the rotational force
imparted to the drill string from the drill rig.

Brief description of drawings

[0021] 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 an external perspective view of a rotary
cutting bit for mounting at one of a drill string accord-
ing to a specific implementation of the present inven-
tion;

Figure 2 is a further perspective view of a cutting
head end of the cutting bit of figure 1 with one of the
rotary cone cutters removed for illustrative purposes;

Figure 3 is an underside perspective view of one of
the rotary cone cutters of figure 1;

Figure 4 is a cross sectional view of the cone cutter
of figure 3;

Figure 5 is a further underside perspective cross sec-
tional view of the cone cutter of figure 4;

Figure 6 is a magnified cross sectional view the cone
cutter of figure 4 to illustrate the relative alignment
of an internal fluid flow passageway extending
through the main body of the cone cutter of figure 4
according to a specific implementation of the present
invention.

Detailed description of preferred embodiment of the in-
vention

[0022] Referring to figure 1, a cutting head 100 is
formed as a cutting bit intended for rotatory crushing drill-
ing of rock. The cutting bit 100 comprises a cutting end

101 and an axially rearward attachment end 102 config-
ured for attachment to one end of a drill string (not shown)
forming part of a drill assembly operated via a drilling
machine or rig (not shown) configured to provide axial
and rotational drive to the cutting bit 100 via the drill string.
Cutting bit 100 comprises three journal arms 105 project-
ing axially forward from attachment end 102 and being
aligned slightly radially outward such that cutting end 101
comprises a generally larger diameter than attachment
end 102. A generally conical shaped cone cutter 103 is
mounted at one end of each journal arm 105 so as to be
capable of rotation relative to arm 105 and independent
rotation about a separate axis relative to the general ro-
tation of cutting bit 100 and the drill string (not shown).
Referring to figure 2, a bearing assembly indicated gen-
erally by reference 200 is provided at an end 207 of each
journal arm 105. Bearing assembly 200 may be mounted
at journal arm end 207 via a suitable spindle or axel (not
shown) and comprises a first raceways 201 located at a
base region of bearing assembly 200 and a second race-
way 203 positioned at a tip region of assembly 200. A
third raceway 202 is positioned between the first and sec-
ond raceways 201, 203. A first set of roller bearings 204
is mounted at first raceway 201 and a second set of roller
bearings 206 is mounted at second raceway 203. A plu-
rality of ball bearings 205 are mounted at third raceway
202 so as to provide a minimum-friction bearing assem-
bly 200 upon which is mounted cone cutter 103.
[0023] Referring to figures 1 to 3, each cone cutter 103
comprises a generally cone or dome shaped configura-
tion having a hollow structure. In particular, the annular
cone cutter 103 comprises an internal cavity 300 defined
by a radially internal facing surface 301. An opposed ra-
dially outward facing surface is indicated generally by
reference 302 and represents a cutting face region of
cutter 103. In the axial direction, cone cutter 103 may be
divided into axial sections at the outer facing surface 302
and comprises a heel row 106, a gauge row 107, a drive
row 108 and an inner or apex region 109. A plurality of
sets of cutting buttons (indicated generally by reference
104) are provided at each respective axial section includ-
ing in particular heel row buttons 110, gauge buttons 111
(and 112), drive buttons 113 and inner buttons 114. Each
of the cutting buttons 104 comprises a working tip having
a generally pointed configuration. However, as will be
appreciated, each cutting button 104 or specific set of
buttons 104 may be semi-spherical, conical, ballistic,
semi-ballistic or chisel shaped. Each button 104 is formed
from a wear resistant cemented carbide based material.
Referring to figures 3 and 4 a wall 401 of the cone cutter
103 is defined generally between the inward facing sur-
face 301 and the outward facing surface 302. A plurality
of generally cylindrical recesses are formed within wall
401 at each axial section to extend radially inward from
outward facing surface 301. Each recess 307 accommo-
dates a corresponding cutting button 104 via convention-
al welding and/or press/shrink fitting.
[0024] In order to cool the bearing assembly 200 and
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in particular the roller bearings 204, 206 and ball bearings
205, air is supplied through a conduit (not shown) within
the journal arms 105 to exit onto the region of assembly
200 via an exit port (not shown). Cone cutter 103 is
mounted at bearing assembly 200 via the positioning of
assembly 200 within cavity 300 such that the inward fac-
ing surface 301 is orientated around bearings 204, 205,
206. The air is configured to penetrate and circulate be-
tween the region of bearing assembly 200 and the inward
facing surface 301. As illustrated in figure 3, a base region
of cavity 300 is defined by an annular edge 306 formed
as a mouth in the underside of cone cutter 103. Mouth
306 is configured for positioning in close proximity to an
annular shoulder 208 provided at a base region of as-
sembly 200 and formed at journal arm end 207. Each
cone cutter 103 comprises a plurality of vents that extend
through the cone wall 401 to exhaust the cooling air cir-
culating around bearing assembly 200. In particular, a
plurality of passageways 304 extend through wall 401
between inward facing surface 301 and outward facing
surface 302. Each passageway 304 is aligned transverse
to a central longitudinal axis 400 extending through cone
cutter 103 with each passageway comprising an entry
aperture 303 provided at inward facing surface 301 and
an exit aperture 305 provided at a trough region 406 of
selected recesses 307. In particular, and according to
the specific implementation of the present invention, pas-
sageways 304 are positioned to extend through cutter
wall 401 in the axial vicinity of mouth 306. That is, each
passageway entrance 303 is aligned axially approxi-
mately at the gauge row 107 whilst the passageway exit
aperture 305 is positioned approximately at heel row 106.
According to the specific implementation, six passage-
ways 304 are provided through wall 401 and accordingly
six respective heel row buttons 110 are modified so as
to comprise a corresponding internal bore (or passage-
way) 402 extending between a base end 404 and an exit
or cutting end 403. Passageways 304 and 402 are
aligned coaxially so as to provide a single passageway
extending from entry aperture 303 at internal cavity 300
and exiting at an aperture 405 provided at the button exit
end 403. According to the specific implementation, a
cross sectional area of passageway 304, 402 is approx-
imately half of a cross sectional area of button 110 at
base end 404.
[0025] Referring to figure 6, the air flow vent passage-
ways 304, 402 are aligned transverse to axis 400 so as
to be declined downwardly from axis 400. As such, entry
aperture 303 is positioned axially closer to apex region
109 relative to exit aperture 405 that is positioned at an
axially similar position to mouth 306. Such an arrange-
ment is advantageous to avoid penetration of particles
and debris via a reverse direction through passageways
304, 402 into the cavity 300 that would otherwise con-
taminate and accelerate wear of bearing assembly 200.
Additionally, and according to the specific implementa-
tion, a cross sectional area of passageways 304, 402 is
tapered so as to decrease from entry aperture 303 at

inward facing surface 301 to exit aperture 405 at the outer
cutting exit end 403 of heel row button 110. However,
according to further specific implementations, the cross
sectional area of passageways 304, 402 may be sub-
stantially uniform between apertures 303 and 405.
[0026] Referring to figure 6, cutter external surface 302
at heel row region 106 is inclined relative to axis 400 and
is orientated at transverse angle b. In particular, accord-
ing to the specific implementation b is substantially 50 to
55°. Passageways 304, 402 are aligned perpendicular
to the orientation of outward facing surface 302 at heel
row 106 and are aligned at a declined angle a relative to
axis 400. According to the specific implementation, angle
a is substantially in the range 140 to 150° relative to axis
400. Accordingly, entry aperture 303 comprises a gen-
erally oval shape profile at inward facing surface 301.
Each entry aperture 303 is aligned at the same axial po-
sition corresponding generally to the same axial position
as gauge buttons 111. Positioning passageways 304,
402 to exit at the region of heel row section 106 is ad-
vantageous for a number of reasons. In particular, the
exit airflow stream from each button exit aperture 405 is
directed axially rearward and radially outward relative to
axis 400. Accordingly, any dust or debris is prevented
from accumulation at the region of journal arm shoulder
208 and in particular the interface region between cone
cutter mouth 306 and journal arm 105. Such an arrange-
ment prevents ingress of dust or particulates into cavity
300 and also eliminates accelerated frictional wear of
arm 105 and cutter 103 due to the accumulation of debris
at the junction between these two components 103, 105.
[0027] According to further specific implementations,
additional or alternative fluid flow exit passageways 304,
402 may be provided at different axial positions through
cone cutter wall 401. In particular, the fluid flow exit pas-
sageways 304, 402 may extend in the gauge row 107,
the drive row 108 and/or the inner row 109. In such ar-
rangements, specifically modified buttons 104 would ac-
cordingly be provided in the same manner as described
referring to figures 1 to 6 and with reference to the heel
row buttons 110.

Claims

1. A cone cutter (103) for mounting at a rotary cutting
bit (100), the cone cutter (103) comprising:

a generally cone-shaped main body having an
annular wall (401) extending around a longitu-
dinal axis (400) of the cutter (103), the wall (401)
defined by a radially outward facing surface
(302) and a radially inward facing surface (301),
an internal cavity (300) defined by the inward
facing surface (301) suitable for mounting on a
bearing assembly (200) of a rotary cutting bit
(100);
a plurality of cutting buttons (104) mounted at
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the outward facing surface (302);

characterised by:

a plurality of vent passageways (304) extending
through the wall (401) between the outward
(302) and inward (301) facing surfaces to allow
a flow of a fluid from within the cavity (300) to
exit the main body through the wall (401).

2. The cutter as claimed in claim 1 comprising a plurality
of sections arranged axially at the outward facing
surface (302), the sections comprising:

a heel row (106) provided towards a base of the
cone cutter (103) having heel buttons (110);
a drive row (108) provided towards an apex
(109) of the cone cutter (103) having drive but-
tons (113); and
a gauge row (107) provided axially intermediate
the heel (106) and drive (108) rows, the gauge
row (107) comprising gauge buttons (111).

3. The cutter as claimed in claim 2 wherein the pas-
sageways (304) emerge at the outward facing sur-
face (302) within the heel row (106).

4. The cutter as claimed in claim 3 wherein the pas-
sageways (304) continue through and emerge at re-
spective heel buttons (110).

5. The cutter as claimed in claims 3 or 4 wherein the
passageways (304) comprise an elongate length ex-
tending between the outward (302) and inward (301)
facing surfaces that is aligned at a declined angle
through the wall (401) relative to the axis (400) such
that the passageways (304) emerge at the inward
facing surface (301) at an axial position closer to the
apex (109) of the cone cutter (103) than a region
where the passageways (304) emerge at the out-
ward facing surface (302).

6. The cutter as claimed in any one of claims 3 to 5
wherein an orientation of the passageways (304) is
substantially perpendicular to the outward facing
surface (302) at the heel row (106).

7. The cutter as claimed in any one of claims 3 to 6
wherein the passageways (304) emerge at the in-
ward facing surface (301) at substantially the same
axial position corresponding to the position of the
gauge row (107).

8. The cutter as claimed in any one of claims 2 to 7
wherein the outward facing surface (302) at the heel
row (106) is inclined relative to the axis (400) at an
angle in the range 50 to 70°.

9. The cutter as claimed in any one of claims 2 to 8
wherein at least some of the passageways (304)
emerge at the outward facing surface (302) within
the gauge row (107).

10. The cutter as claimed in claim 9 wherein at least
some of the passageways (304) continue through
and emerge at respective gauge buttons (111).

11. The cutter as claimed in any preceding claim wherein
the passageways (304) comprise a length having a
substantially uniform cross-sectional area between
the inward (301) and outward (302) facing surfaces.

12. The cutter as claimed in any preceding claim wherein
a diameter of the passageways (304) is substantially
half a diameter of a base (404) of each of the cutting
buttons (104).

13. The cutter as claimed in any preceding claim wherein
the passageways (304) are uniformly distributed
around the axis (400).

14. A rotary cutting bit (100) for cutting rock comprising:

at least one journal arm (105);
a bearing assembly (200) mounted at the journal
arm (105);
a cutter (103) as claimed in any preceding claim
mounted at the bearing assembly (200) via the
cavity (300) so as to be capable of rotation rel-
ative to the journal arm (105).

15. The bit as claimed in claim 14 comprising three jour-
nal arms (105) and three respective bearing assem-
blies (200) and cutters (103).
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