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A DRILL BIT
- This invention relates to a drill bit.
Geological formations do not necessarily have a homogenous
structure. In some formations, particularly iron ore for’mations, it is more

- common for there to be bands of hard and soft material. This variation in

structure and formation hardness creates a risk of damage for drill bits used in
drilling the formation. A hammer including a conventional drill bit will power

“through the soft ground. However, the momentum achieved whilst powering

through the soft ground provides energy which can cause failure of the drill bit
when it encounters hard bands in the formation. Damage, usually
catastrophic, often results to the cutter elements, especially the gauge cutter
elements or gauge buttons, of the drill bit. Such gauge cutter elements are
located about a periphery of the cutting face located at the working end of the
drill bit. The cutter elements are called gauge cutter elements because they
define the working diameter or gauge of the drill bit. So, for a 9” drill bit, the
gauge cutter elements will be located about the periphery of the cutting face of
the drill bit at a distance of about 4 12 “ from the centre of the drill bit.

The drill bit failure mode may be caused by hammer rotation stal'ling
when hitting hard bands in the formation when down-feeding rapidly through
the soft ground. Even where upward feed is applied to the hammer, the

| wihdup in the drill rods caused by the rotational forces applied through normal

drilling parameters and the sudden release of the drill bit jammed on the hard
band causes the fixed gauge cutter elements or buttons, of high hardness
material 'such as tungsten carbide, to shear. Even the control available
through use of remote controlled autonomous drilling rigs cannot address this
issue which severely affects the'average drill bit life and increases drilling
costs. While experienced drillers may — in some cases — have the skills to
avoid such problems, less experiencéd drillers will experience these problems
on a regular basis. | o

It is ah object of the present invention to provide a drill bit having a
cutter element arrangement Ieés susceptible to such shear failure of cutter
elements.

With this object in view, the present invention prbvides a drill bit
comprising:
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a working end having a cutting face;, and ‘ ,

a plurality of cutter elements located at said working end of said drill bit
for cutting a formation, said cutter elements including face cutter elements
arranged on said cutting face of said drill bit and gauge cutter elements
arranged on a plurality of correspondent wing pads located about a periphery
of said cutting face of said drill bit wherein said gauge cutter elements are
arranged in groups on their correspondent wing pad.

Cutter elements typically comprise a high hardness material, of higher
hardness than the formation, to facilitate cutting. Buttons and other fixed
ihserts may conveniently be used as cutter elements with the drill bit of the
invention. _

The gauge cutter elements’ are preferably arranged or grouped in
groups of two or are paired on a wing pad, typically of semi-annular shape
when viewed in plan. However, ‘the gauge cutter elements could be grouped
in larger numbers on each wing pad, if required and practicable. These gaugev
cutter elements and wing pads advantageousiy face radially outward the wing
pads further advantageously having surface(s) extendmg at a substantial
acute angle to a longitudinal axis of the drill bit.

The gauge cutter elements may have lesser dimension than face cutter
elements. Gauge cutter elements are so-called because they define the
working diameter or gauge of the drill bit.

Therefore, in ‘a further embodiment of the invention, the present
invention provides a drill bit comprising:

a working end having a cutting face; and

a plurality of cutter elements located at said working end of said drill bit
for cutting a formation, said cutter elements including face cutter elements
arranged on said cutting face of said drill bit and gauge cutter elements

- defining a gauge of the drill bit wherein the gauge cutter elements have lesser

dimension than face cutter elements. , |
The dimension referred to is, typically, a diameter of the cutter element
when viewed in plan. Cutter elements, such as buttons, ‘often havev
hemispherical or near hemispherical head portions. In such case, the
diameter of the head portions of the gauge cutter elements is deliberately set . -
less than the diameter of the face cutter elements. It may be understood,
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also, that each of the grouped gauge cutter elements have lesser dimension
than conventional cutter elements, the increased surface area of the grouped
cutter elements reducing the tendency to shear failure under the variable
hardness formation drilling conditions outlined above. At the same time,
greater surface area - presented by the smaller dimension gauge cutter
elements - increases cutting effect over conventional drill bits. As a result,
more efficient and less costly drilling may be achieved in variable hardness
formations even where less experienced drillers are employed.

Gauge cutter elements, and a portion (which may be a major portion) of
the face cutter elements are conveniently doncentrically arranged in rows or
rings fofming circles about a circular centre portion of the drill bit cutting face.
Two, three or possibly more of such concentric rings of cutter elements may
be provided. These rings may be further divided, preferably by exhaust
grooves extending across the cutting face, into a plurality of annular sectors,
each comprising a plurality of face cutter elements. Outward from the centre
portion, face cutter elements may be equi-spaced within each annular sector
of each ring. Cutter elements in adjacent rows or rings may be offset with

‘respect to one another. A remaining portion of the face cutter elements may
~be arranged randomly in the centre portion of the face of the cutting face of

the drill bit.

Each wing pad may have circumferential dimension or extent
approximately equal to the spacing between two neighbouring face cutter
elements located in a first ring adjacent to the pads. Inward of, and/or
adjacent to, this first ring, a secondary ring may have spacing between two
neighbouring face cutter elements greater than the circumferential dimension
of a pad.

The rings or rows of cutter elements may be oriented at differing angles
to the longitudinal axis of the drill bit, the angle for each row preferably being
less th_an' the acute angle at which wing pad surfaces extend to the
longitudinal axis of the drill bit.

The drill bit is provided with means for directing pressurized fluid
through its body to forcefully clear cuttings from the drill bit cutting face. The
pressurised fluid is conveniently exhaust fluid, typically compressed air, from
the pressurised working fluid used for operating a hammer comprising the drill'
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bit. This pressurized exhaust fluid may also be described as flushing fluid or
flushing air. If cuttings are not cleared from the drill bit face, wear rates of
cutter elements and the drill bit matrix are unacceptably high. To this end, the

presSurised exhaust fluid exhaust fluid directing means delivers pressurised i
exhaust fluid through a primary exhaust fluid passageway to be directed
through a plurality of flushing passageways conveniently diverging from the
primary exhaust fluid passageway. Each flushing passageway terminates in at
least one exhaust port located on the drill bit cutting face. The means for

'directing flushing fluid typically comprises a plurality of such exhaust ports.

The exhaust ports may direct flushing fluid at an angle diverging from a
longitudinal axis of the drill bit, the flow direction of exhaust fluid through an
exhaust port being convenientlyvdetermi‘ned by the angle at which a flushing
passageway diverges from the longitudinal axis of the drill bit. However, in a
particularly preferred and advantageous embodiment - which provides greater
coverage of drill bit face area and therefore flushing of cuttings -veach flushing

~passageway is configured to straighten the direction of exhaust fluid flow

exiting through its associated exhaust port(s). The geometry of the exhaust
port may be selected to take advantage of the Coanda effect, exhaust port

~ wall(s) being aligned to direct at least a major portion of exiting exhaust fiuid in

a direction approaching parallel to the longitudinal axis of the drill bit. A
portion of exhaust fluid flow may still be directed at an angle to the longitudinal
axis of the drill bit. This feature, of directing exhaust air parallel to the
longitudinal axis of the drill bit, may advantageously be included within a
range of drill bits, not limited to drill bits having cutter elements arranged in
groups, on wing pads, or having gauge cutter elements of lesser dimension

than remaining face cutter elements as above described.

Conveniently, and advaritageously, each flushing passagewéy of a drill
bit may be provided with an inward portion and a terminal portion comprising
at least one exhaust port through which exhaust fluid is directed, the inward
portion having an axis diverging from a longitudinal axis of the drill bit and
wherein the terminal portion has an axis intersecting with said axis of said
inward portion such that the terminal portion axis intersects the drill bit cutting
face inward of the intersection of the inward portion axis with said bit face.
Most advantageously, the terminal'portion axis approaches a direction parallel
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- to the longitudinal axis of the drill bit. This optimizes bit face coverage and

flushing of cuttings while increasing penetration rate.

The exhaust ports are advantageously connected with associeted
exhaust grooves or channels extending radially outwardly (and through_the
rings of cutter elements) towards the periphery of the drill bit cutting face.
This optimizes coverage of the drill bit cutting face optimizing flushing of
cuttings away from the bit face. These exhaust grooves are generally provided
as the primary exhaust or air grooves with which have the largest surface area
of grooves for directing exhaust fluid about the drill bit head and cutting face.

A plurality of exhaust or air grooves may also be spaced about the
periphery of the. drill bit head. These, typically secondary, air grooves may be
comprised in sets each having different dimension in terms of area. One set
of secondary air grooves may be provided at each wing pad, each secondary
air groove extending between the gauge cutter elements. Each of these.
grooves may have thevsmallest area, of the exhaust gooves, but serve an
important function in clearing cuttings lodging between the paired gauge cutter
elements, the primary region for wear. Clearing of such cuttings through air .
flow through these secondary air grooves reduces cutting regrinding and
excessive wear on gauge cutter elements. A further set of exhaust grooves
could include air grooves separating the paired gauge cutter elements and
wing pads to reduce wear in this region. ,

Alternatively, or additionally to air grooves, flat headed wear buttons
could be located in the side of the drill bit head conveniently proximate the
paired gauge cutter elements to assist in reducing gauge cutter element and
drill bit matrix wear. o

The drill bit may be used in normal circulation, down-the-hole and
reverse circulation hammers or othér drilling apparatus. Therefore, a drilling
apparatus comprising the above described drill bit forms a still further aspect
of the present invention. The drill bit may be used in various drilling rigs and
is particularly advantageous for use in autonomous drilling rigs, for example
used for drilling iron ore bodies or geologice| formations of the type which
have bands of hard and soft material present within them. In such case, the
gauge cutter elements, being of lesser dimension than con\)entional, are less
prone to the shear problem mentioned above.
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The drill bit of the present invention will be more fully understood frem_
the following description of a preferred embodiment thereof made with
reference to the drawrngs in which: |

Fig. 1 is a bottom or face view of a drill bit as used in the prior art.

Fig. 2 is a perspective view of the drill bit of Fig. 1.

: Fig 3 is a side view of a drill bit in accordance with one embodiment of
the present invention. |

- Fig. 4 is an isometric view of the drill bit of Flg 3.

Fig. 5 is a detail isometric view taken from Fig. 4. _

Fig. 6 is a bottom or face view of the drill bit as illustrated in Figs. 3to

Fig. 7 is a side section view of the drill bit as illustrated in Figs. 3 to 6.

Fig. 8 is a side section view of a hammer inc'ltrding the drill bit as
ilustrated in Figs. 3 to 6. | | |

Fig. 9 is a second face view of the drill bit of Figs. 3to 8

Fig. 10 is a side section view of the drill bit of Figs. 3 to 8 taken along
section line A-A of Fig. 9.

Fig. 11 is a detalil section view of the drill blt of Fig.10 showmg exhaust
air passageway and exhaust air port geometry.

Fig. 12 is a second isometric view of the drill bit of Figs. 3 to 11.

Fig. 13 is a face view of a second embodiment of drill bit according to

-the invention.

Fig. 14 is a sude sectlon view of the drill bit of Fig. 13 taken along
sectron line B- B.

Fig. 15 is a detail section view of the drill bit of Fug 14 showing exhaust
air passageway and exhaust air port geometry. '

Fig. 1 6 is an isometric view of the drill bit of Figs. 13 to 15.

Fig. 17A is a face view of a further embodiment of the drill bit in
accordance with a further embodiment of the present invention.

Fig. 17Bis a detail face view of the drill bit of Fig. 17A.

Fig. 18A is an isometric view of the drill bit of Figs. 17A and 17B.

Fig. 18B is a detail isometric view of the drill bit of Fig. 18A.

Referring first to Figs. 1 and 2, there is shown a drill bit 1 for a down the

hole (DTH) hammer (not shown) used in autonomous drilling of an ore body- |
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containing iron. Drill bit 1 has, viewed rearwardly along its length, a head
portion 8 and a shank 7. The surface of a portion of shank 7 is formed with
spline portions 7a correspondent with, and interlocked with, driving spline
portions of a drive sub (not shown) forming part of DTH hammer 10. |

Drill bit head portion 8 has a cutting face 211 provided with round
headed cutter elements or buttons 2, 4 of tungsten carbide or like hard
material, distributed over the surface of the cutting face 211. As drill bit 1

- impacts the bottom of a hole during operation of the DTH hammer, cuttings

are formed and returned to the surface. Cutting face 211 also includes the
openings or exhaust ports io three passageways 137 which direct
compressed air to assist drilling during operation of the DTH hammer.

Cutter elements include face cutter elements 4 arranged on cutting
face 211 of drill bit 1; and gauge cutter elements. 2 arranged about the
periphery of cutter face 211 of drill bit 1. The cutter elements 2, 4 are bUttons
of tungsten carbide. Each cutter element 2, 4 has a head of hemispherical
shape, the hemisphere having the same dimension, measured as diameter,
for both gauge cutter elements 2 and face cutter elements 4.

Each gauge cutter element 2 is arranged,' individually, on a
corresponding radially outwardly facing wing pad 3 arranged about the

periphery of the drill bit head portion 8. Such v{ring pads 3 may, alternatively,

be considered to form chamfered or beveled portions of the drill bit head
portion 8. Wing'pad 3 surfaces extend at an acute angle to a longitudinal

“axis, L, of drill bit 1.

The ore body contains bands of soft and hard material. Such
formations are challenging to drill without a strategy directed to controlling
forces acting on the drill bit 1 during a drilling operation. A failure mode is
caused by hammer rotation stalling when hitting hard bands in the formation

| “when down-feeding rapidly through the soft ground. Even where upw_ard feed

is applied to the DTH hammer, the'windup in the drill rods caused by the
rotational forces applied through normal drilling parameters and the sudden
release of the drill bit 1 jammed on the hard band causes the gauge cutter
elements 2 (at least) to fail under the shear forces applying in such
circumstances. Even the control available through use of remote cbntro!led
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autonomous drilling rigs cannot usually address this issue which severely
affects the average drill bit life and increases drilling costs.

Referring now to Figs. 3 to 8, there is shown a first embodiment of drill -
bit 30 for a down the hole (DTH) hammer 10 used in autonomous drilling of an’
ore body containing iron. | |

Drill bit 30 has, viewed rearwardly along its length, a head portion 30a
and a shank 30c with an intermediate pdrtion 30b and a cylindrical portion
30d. Cylindrical portion 30d is relatively short in length in comparison to the
Iength of the intermediate portion 30b of shank 30c. Head portion 30a
includes a CUtting face 311. The surface of intermediate portion 30b of drill bit
30 is formed with spline portions 31 correspondent with, and interlocked with,
driving spline portions 28 of a drive sub 20 forming part of DTH hammer 10.
The surface of cylindrical portion 30d is generaily smooth, ac':tingb as a bearing’
surface for spline portions 27 of first drive sub portion 21. As drill bit head
portion 30a, provided with round headed cutter elements or buttons 35a, 36,
36a of tungsten carbide or like material, distributed over the surface of the
cutting face 311, impacts the bottom of a hole (not shown), cuttings are .
formed and returned to the surface. | _

Cutter elements include face cutter elements 36 and 36a arranged on

cutting face 311 of drill bit 30; and gauge cutter elements 35a arranged about

the periphery or circumference of cutter face 311 of drill bit 30. Each cutter
element 35a, 36, 36a has a head of hemispherical shape.

Gauge cutter elements 35a are arranged on radially outwardly facing
and semi-annular shaped wing pads 34 of the drill bit 30. Each wing pad 34
has the same surface area as wing pads 3 of drill bit 1 (as shown in Figs. 2
and 2). Such wing pads 34 may, alternatively, be considered to form
chamfered or beveled portions of the head portion 30a of the drill bit 30. Wing
pad 34 surfaces extend at a substantial acute angle to a longitudinal axis, L,
of drill bit 30, |

It will be observed that the gauge cutter elements 35a have lesser
dimension than the face cutter elements 36, 36a and the gauge cutter
elements 2, of drill bit 1 shown in Figs. 1 and 2. The dimension here referred
to is the diameter of the hemi-spherically shaped head of the cutter element.

"~ The diameter, D, of such hemispherical head portion of a gauge cutter
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| element 35a is less than the diameter, E”, of the head portion of a face cutter

element 35. This diameter, D, is deliberately selected for all gauge cutter
elements 35a and diameter, E, is deliberately selected for all face cutter

“elements 36, 36a illustrated in the drawings.

-The gauge cutter elements 35a are arranged in groups of two or are
paired on each wing pad 34. Each gauge cutter element 35a, as with each
wing pad 34, faces radially outward. The gauge cutter elements 35a form a
circular ring or row located about, though located radially outward from, the
circular centre portion 313 of the drill bit face 311. The greater numbers of
gauge cutter elements 35a present a greater surface area (and cuﬂirig éffect)

~ than for conventional drill bits. However, their sma|ler dimension — at the

individua! level — makes them less susceptible to shear failure during
autonomous drilling of the formation. | |

A major portion of the face cutter elements 36 are located in two
circular and concentric (with longitudinal axis,‘ L, of drill bit 30) rows or rings
312a and 312b located about a circular and dome shaped centre portion 313
of drill bit face 311.  Rings 312a and 312b of cutter elements 36 may be
further divided by exhaust grooves or channels 137A into a plurality of annular

“sectors also indicated 312a and 312b. Here, there are three annular sectors -

per ring 312a, 312b. Within each annular sector 312a and 312b neighbouring
face cutter elements 36 ar'e‘ equi-spaced at a greater dimension than spacihg
between gauge cutter elements 35a on pads 34.

Each wing pad 34 has circumferential dimension or extent
approximately equal to the‘ spacing between two' neighbouring face cutter
elements 36 in any annular sector located within first ring 312a adjacent to the
pads 34. ”

Inward of, and adjacent to, first ring 312a, a secondary ring 312b has
spacing between two neighbouring face cutter elements 36 greater than the

“circumferential dimension of a wing pad 34. It will be noted that face cutter

elements 36 located in adjacent rings 31 2a and 312b are arranged offset to
each other. Rings 312a and 312b are oriented at differing acute angles to
longitudinal axis, L, of drill bit 30, these angles being less than that at which
wing pads 34 extend to longitudinal axis L. | '



10

15

20

25

30

WO 2012/174607 PCT/AU2012/000728
10

The remaining face cutter elements 36a are arranged randomly in the
circular centre portion 313 of drill bit face 311.

Referring further to Fig. 8, further description of a rotary DTH hammer
10 is provided. Hammer 10 'operates with a compressed air supply,
compressed air exhausted from hammer 10 working chamber portions (as
described below with reference to -Fig. 8) being forced through primary
exhaust air passageway 20 and further flushing passageways 137, diverging
from passageway 20, to assist the drilling operation through flushing of
cuttings away from cutﬁng face 311. Three further exhaust passageways 137
and associated channels 137A are provided to direct air to the cutting face

311, Exhaust air flowing through flushing passageways 137 and channels

137A is directed across the drill bit face 311 to clear cuttings away from the
cutter elements 35a, 36 and 36a to be swept upward, through secondary

- primary exhaust grooves 37 and secondary exhaust grooves 37a located

about the periphery of the drill bit head, past the drill bit 30 and hammer 10 to
be recovered at the surface located dill rig. Without such flushing of cuttings,
hammer 10 could beéome bogged and wear rates for the cutter élemehts 35a,
36 and 36a would reach unacceptable levels. . o
In the embodiment of drill bit 30 shown in Flgs 3 to 12, exhaust air

flow, through exhaust ports 137 and channels 137A, is directed divergently at
" an angle, q, to the longitudinal axis L of the drill bit 30. This exhaust air flow
 direction is shown by arrows F in Figs. 10 and 11. Arrows F extend in the

same direction as axis G of each exhaust passageway 137. The Applicant
has found that such exhaust air flow direction, F, while being that
conventionally selected, may not deliver the desired flushing of cuttings. An
angular outward exhaust flow may also create borehole scouring issues if the
angle, a, is too high.

A second embodiment of drill bit 730, which optimizes flushing of
cuttings, is shown in Figs. 13 to 16. The drill bit 730, like drill bit 30, has a
head portion 730a, shank 730c and intermediate portion 730b. Head portion
730a, at the working end of drill bit 730, is provided with face cutter elements
736, 736a - - cutter elements 736a bemg randomly arranged in circular centre

- portion 711. Cutter elements 736 are arranged in two concentric rings as with

the above described embodiment. Gauge cutter elements 735a are paired on
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wing pads 735. The drill bit 730 includes three exhaust or flushing
passageways and associated exhaust ports 739a (the same number as
included in drill bit 30) in cutting face 731, the flushing passageways of drill bit
730 have different geometry to exhaust passageways/ports 137. This
geometry is adopted to straighten exhaust air flow direction and optimize bit

- face coverage and flushing of cuttings.

Each flushing passageway is provided with an inward portion 740 and
a terminal portion 739 comprising an exhaust port 739a through which
exhaust air is directed. The inward portion or passageway 740 diverges from
longitudinal axis, L, of the drill bit 730 at an acute angle along axis, G. The
terminal portion 739 has an axis, P, extending parallel to longitudinal axis L
and which intersects axis G of inward portion 740. This has maximum effect
in terms of straightening exhaust air flow to achieve the flushing benefits
described above. Axis P of terminal portion 739 also extends parallel to a
substantially right cylindrical wall 739aa defining exhaust port 739a. The

~ terminal portion axis P clearly intersects the drill bit cutting face 731 inward of

the intersection of the inward portion axis G with drill bit cutting face 731. .

In side section, exhaust port wall 739aa extends substantially paraliel
to longitudinal axis L of drill bit 730. Wall 739aa therefore defines a cylindrical
volume with the exhaust port 739a opening along a plane perpendicular to
longitudinal axis, L of drill bit 730.

The direction of exhaust air flow from exhaust passageways 740 and
exhaust ports 739, as shown by flow arrows S and SA, is influenced by the
geometry of both the exhaust passageway 740 and exhaust port 739a,

especially noting the cylindrical exhaust port wall 739aa. Exhaust air flow -

therefore includes a vector directed outwardly from axis L along axis G as
shown by flow arrows SA. However, this represents only a minor portion of
exhaust air flow. The dominant exhaust air flow vector, shown by flow arrows
S, is in- straight outward direction from drill, in direction of axis P, with a
Coanda effect causing flushing air flow to be directed by wall 739aa in a
direction paralle! to the longitudinal axis of the drill bit 730. This. results in
better coVerage of drill bit cutting face 731 and clearance of cuttings,

- especially as discharged flushing air is directed through exhaust ports 739a

into the associated primary exhaust grooves 737 extending radially across
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cutting face 731 outward toward the periphery of the drill bit face 731. These
primary exhaust grooves 737 connect with exhaust ports 739a to form an
exhaust air circuit. This exhaust air entrains cuttings which are transported
through a hole drilled by a hammer, having the sarhe design as hammer 10,
including drill bit 30, past the hammer and recovered at the surface. |

‘ Exhaust passageway and exhaust port geometry as above described
may be employed in a range of drill bits having different design and
arrangements of cutter elements than described in this specification. A drill bit

"~ having one or more exhaust ports configured, as above described, to

straighten exhaust air flow through exhaust passageways and exhaust ports
forms another inventive aspect. |

Flushing air is also d‘irected through Secondary exhaust air grooves 738
formed and spaced around the periphery of the head 730a of drill bit 730
between the wing pads 734 carrying the paired gaUQe cutter elements 735a. -

The drill bit may include a plurality of sets of. sUch secondary air
grooves, each air groove within a set having different dimension in terms of
area than an air groove within another set. In Figs. 17A to 18B is shown a drill
bit 830 with many of the same features of the drill bits 30 and 730 described
above. This drill bit 830 has a cutting face 831 with cutter elements including
face cutter elements 840 arranged in concentric rings about. circular centre
portion 811 of drill bit 830; face cutter elements 840 a randomly arranged in
centre portion 811; and gauge cutter elements 835a arranged in pairs on wing
pads 836. This drill bit 830 is provided with primary exhaust air grooves 837a
extending radially outwardly from each exhaust port 837, secondary air
grooves 838 provided at each wing,pad'836 and extending between the
gauge cutter elements 835a, as well as further air grooves 839 separating the
paired gauge cutter elements wing pads 836. Primary exhaust grooves 837a
have the largest dimension (in terms of area). Secondary air grooves 838 are
smaller in dimension (in terms of area) but serve an important function in
clearing cuttings lodging between the paired gaugé cutter elements 835a.
Clearing of such cuttings through air flow through secondary air grooves 838
reduces regrinding of cuttings and excessive wear on gauge cutter elements
835a. Alternatively, or additionally, flat headed wear buttons could be located
in the side of the drill bit 830 head proximate the paired gaugé cutter elements
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835a to assist in reducing gauge cutter element 835a and drill bit 30 matrix
wear. . }

Drill bit 30 cyclically impacts the formation in response to variations in
compresséd air pressure in variable volume chambers 63 and 66 located
above and below the piston 32. This pressure variation causes reciprocation
of piston 32 with piston strike face 35 impacting corresponding sirike face 38

~ of drill bit 30 during a working stroke of the piston 32. More efficient drilling by

optimizing compreésed air pres‘sure during operation of the hammer is
achieved by use of sealing tubes 14 and 41 (sealing tube or foot valve 841 in
the case of the drill bit 830 of Fig's. 17A to 18B). Sealing tube 14 acts as a
foot valve and is located between drill bit 30 and piston 32. Sealing tube 41
serves a similar role and is located between piston 32 and top sub 60.

The hammer 10 may have construction as further described in
Australian Provisional Patent Application No. 2010904679, the contents of
which are hereby incorporated herein by reference. '

A hammer 10 incorporating drill bit 30 is useful for autonomous drilling
of geological formations having hard and soft bands as the arrangement of |
cutter elements, particularly noting the smaller dimension .(though greater
surface area) of the gauge cutter elements 35a, reduces tendency to shear
failure. | ',

Modifications and variations to the drill bit of the present invention may
be apparent to the skilled reader of this disclosure. Such modificatiohs and
variations are deemed v'vi‘thin the scope of the present invention.
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Claims:

1. A drill bit comprising: .

| a working end having a cutting face; and

a plurality of cutter elements located at said working end of said drill bit
for cutting a formation, said cutter elements including face cutter elements
arranged on said cutting face of said drill bit and gauge cutter elements
defining a gauge of the drill bit arranged on a plurality of correspondent wing
pads located about a periphery of said cutting face of said drill bit wherein said
gauge cutter elements are arranged in groups on their correspondent wing
pad. _ . .

2. A drill bit as claimed in claim 1 wherein said gauge cutter elements are
arranged in groups of two or are palred on a wing pad..

3. A drill bit as claimed in claim 1 or 2 wherein said gauge cutter elements
and wing pads face radially outward, said wing pads having surfaces
extending at a substantial acute angle to an axis of said drill bit.

4, A drill bit as claimed in any one of the preceding claims wherein said
gauge cutter elements grouped on said wing pads have lesser dimension than
said face cutter elements. -

-5, A drill bit as claimed in claim 4 wherein said dimension referred to is a

diameter of the cutter element when viewed in plan.

6. A drill bit as claimed in any one of th'e preceding claims wherein said

gauge cutter elements, and a portion of the face cutter elements are
concentrically arranged in rows or rings formmg circles about a circular centre,
portion of the drill bit face.

7. A drill bit as claimed in claim 6 wherein said rows or rings are divided
into' a plurality of annular sectors each comprising a plurality of face cutter
elements.
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8. A drill bit as claimed in claim 7 wherein said cutter elements are edui-

spaced within said annular sectors.

9. . A drill bit as claimed in claim 7 or 8 wherein said rows. or rihgs are
dividedd into said plurality of annular sectors by exhaust grooves extending
across said cutting face. '

10. A drill bit as claimed in any one of claims 6 to 9 wherein a remaining
portion of said face cutter elements is arranged randomly in said centre

~ portion of the drill bit.

11. A drill bit as claimed.in any one of claims 6 to 10 wherein said cutter
elements in adjacent rows or rings are offset with respect to each other.

12, Adrill bit as claimed in any one of the preceding claims provided with
means for directing pressurized exhaust fluid to clear cuttings from the driil bit
face. ‘

13. A drill bit as claimed in claim 13 wherein said pressurised exhaust fluid
directing means directs pressurised exhaust fluid, to clear cuttings, through a
primary exhaust fluid passageway and a plurality of flushing passageways
diverging from the primary exhaust fluid passagéway, each said flushing
passageway terminating in at least one exhaust port located on the drill bit
cutting face.

14. A drill bit as claimed in claim 13 wherein said exhaust ports direct

flushing fluid at an angle diverging from a longitudinal axis of the drill bit.

15. A drill bit as claimed in claim 13 or 14 wherein éxhaust port wall(s) are
aligned to direct at least a major portion of exiting exhaust fiuid in a direction
approaching paraliel to the longitudinal axis of the drill bit. |
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" '16. A drill bit as claimed in claim 15 wherein each flushing passageway is

provided with an inward portion and a terminal portion comprising at least one
exhaust port through which exhaust fluid is directed, the inward portion having
an axis diverging from a longitudinal axis of the drill bit and wherein the
terminal portion has an axis intersecting wi'th-said axis of said inward portion
such that the terminal portion axis intersects the bit face inward of the
intersection of the inward porﬁon axis with said bit face.

17. A drill bit as claimed in_claim 16 wherein said terminal port'ion axis
approaches a direction parallel to the longitudinal axis of the drill bit.

18. A drill bit as claimed in any one of claims 13 tov 17 wherein each said
exhaust,pori is connected with an exhaust groove extending radially outwardly :
across said cutting face and through the rings of cutter elements towards the
periphery: of said cutting face.

19. A drill bit as claimed in any one of the preceding' claims wherein a
plurality of air grooves is spaced about the periphery of the drill bit head.

20. A drilling apparatus comprising a drill bit as claimed in any one of the
preceding claims. '

21.- A drilling apparatus as claimed in claim 20 being an a_utohomous
drilling rig. |
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