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(54) A drag-type Rotary Drill Bit

(57)  There is provided a rotary drag-type drill bit
comprising a bit body (8) having a leading surface (10)
comprising a plurality of pads (11), at least some of the
pads (11) each having a wearable abrasive surface in-
cluding particles of superhard material and defining an
outer profile of the pad, at least a part of the outer profile
of at least one of the pads (11) being disposed inwardly
or outwardly of the outer profile of the other pads (11).
With this arrangement, during initial drilling through soft-
er formation, most of the removal of formation will be
effected by the outermost of the abrasive pads (11) and
little or no formation will be removed by the more inward
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pads (11). Accordingly, the bit will act as a lighter set bit
and good rates of penetration may be achieved. As drill-
ing proceeds and the bit wears, which may occur more
rapidly as the bit meets harder formations, the more out-
wardly disposed pads (11) will wear down more than the
inwardly disposed pads (11) so that the inwardly dis-
posed pads (11) will begin to contribute more to the cut-
ting action of the bit, so that the bit effectively becomes
heavier set. As drilling progresses to a point where all
of the pads (11) wear down to the same level, the bit will
then act as a conventional heavy set bit where all the
abrasive surfaces lie on the same profile.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to rotary drag-type drill
bits for drilling in subsurface formations. In particular,
the invention is a rotary drag-type drill bit with wearable
pads formed of an impregnated diamond/matrix materi-
al.

2. Description of Related Art

[0002] Diamond impreg bits may be generally de-
scribed as being of the kind comprising a bit body having
a leading surface comprising a plurality of pads sepa-
rated by channels for drilling fluid, at least some of the
pads each having an abrasive surface including parti-
cles of superhard material. The particles of superhard
material may be natural or synthetic diamonds, or small
bodies of polycrystalline diamond, set in the outer sur-
face of a pad, or the pad may include an outer layer im-
pregnated with superhard particles which, again, may
be natural or synthetic diamonds or particles of polycrys-
talline diamond. It is also possible to combine the two
arrangements. Such bits are particularly suitable for
drilling through harder subsurface formations.

[0003] Hitherto, it has been the usual practice for all
parts of the abrasive surfaces of the pads to lie on the
same profile. That is to say, at each longitudinal position
on the bit, all points on the surfaces of the pads are at
the same radius with respect to the central longitudinal
axis of the bit. Accordingly, during drilling all of the abra-
sive surfaces of the bit act on the formation being drilled
simultaneously.

[0004] In many applications, a lighter set bit (i.e. a bit
having fewer superhard particles disposed over the sur-
face of the bit) would be preferable when drilling the up-
per part of the formation, but a heavier set bit is actually
used since such a bit will be required in order to drill
through the harder formations likely to be met deeper in
the borehole. As a result of having to use the heavy set
bit in the softer formations near the surface, the rate of
penetration (ROP) of the bit may be lower than that
could be achieved by using a lighter set bit.

[0005] The presentinvention therefore sets out to pro-
vide a rotary drill bit of the above-mentioned type where
the same bit can act as a lighter set bit during initial drill-
ing but can act as a more heavily set bit as drilling pro-
ceeds.

SUMMARY OF THE INVENTION

[0006] According to the invention there is provided a
rotary drag-type drill bit comprising a bit body having a
leading surface comprising a plurality of pads separated
by channels for drilling fluid, at least some of the pads
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each having a wearable abrasive surface including par-
ticles of superhard material and defining an outer profile
of the pad, at least a part of the outer profile of at least
one of the pads being disposed inwardly or outwardly of
the outer profile of the other pads.

[0007] In this specification, for convenience, terms
such as "inwardly" and "outwardly" or "inner" and "outer"
refer to positions relative to the center of the bit body;, i.
e. a point lying on the central longitudinal axis of rotation
of the bit.

[0008] With this arrangement, during initial drilling
through softer formation, most of the removal of forma-
tion will be effected by the outermost of the abrasive
pads and little or no formation will be removed by the
more inward pads. Accordingly, the bit will act as a light-
er set bit and good rates of penetration may be
achieved.

[0009] However, as drilling proceeds and the bit
wears, which may occur more rapidly as the bit meets
harder formations, the more outwardly disposed pads
will wear down more than the inwardly disposed pads
so that the inwardly disposed pads will begin to contrib-
ute more to the cutting action of the bit, so that the bit
effectively becomes heavier set. As drilling progresses
to a point where all of the pads wear down to the same
level, the bit will then act as a conventional heavy set
bit where all the abrasive surfaces lie on the same pro-
file.

[0010] The overall profile of a set of inner pads may
be generally similar to the overall profile of a set out out-
er pads, the profiles merely being displaced relatively to
one another, for example relatively displaced in the di-
rection of the longitudinal axis of the drill bit.

[0011] The abrasive surface of any of the pads may
be smoothly and continuously curved so that the outer
profile defined by the pad surface follows the contour of
the surface itself. Alternatively, the abrasive surface of
a pad may comprise higher and lower regions, in which
case the outer profile is defined by the higher regions of
the pad surface, the lower regions lying inwardly of the
outer profile.

[0012] Preferably, the drill bit includes a plurality of
pads having outer profiles which are disposed inwardly
or outwardly of the outer profiles of the other pads, so
that under all conditions a plurality of pads engage the
formation. For example, some pads may have outer pro-
files which together define a reference profile, the bit in-
cluding pads having outer profiles lying inwardly of the
reference profile as well as pads having outer profiles
lying outwardly of the reference profile.

[0013] In known manner, the pads may extend out-
wardly away from the central longitudinal axis of the bit
towards the outer periphery thereof. In this case the out-
er profile of each pad may be displaced inwardly or out-
wardly with respect to the profile of the pad on the lead-
ing and/or trailing side thereof with respect to the normal
direction of rotation of the drill bit. Each pad may extend
generally radially outwards from the central longitudinal
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axis of the bit or may be offset forwardly or rearwardly
of a radius of the bit, with respect to the direction of nor-
mal rotation of the bit. For example, each pad may ex-
tend away from the axis in a spiral.

[0014] In any of the above arrangements the outer
profiles of the pads, at the outer periphery of the bit, are
preferably equidistant from the central longitudinal axis
of rotation of the bit so that all of the pads engage the
side walls of the borehole.

[0015] In any of the above arrangements the particles
of superhard material may be set in the outer surface of
a pad or the pad may include an outer layer impregnated
with superhard particles. Such arrangements may be
combined by some pads having particles set in their out-
er surface while other pads include an outer layer im-
pregnated with superhard particles. Arrangements are
also possible where the pad includes both an outer layer
impregnated with superhard particles and additional su-
perhard particles set in the outer surface of the impreg-
nated layer.

[0016] The superhard particles may be, but are not
limited to, natural diamonds, synthetic diamonds, or
bodies of polycrystalline diamond material. Where the
particles are of polycrystalline diamond they preferably
comprise but not limited too thermally stable polycrys-
talline diamond material.

[0017] In known manner, the bit body, or at least the
part thereof forming the pads, may be formed from solid
infilirated matrix material.

[0018] In known drill bits of the kind first referred to, it
is usual for all parts of the surface of each pad to lie on
the overall cutting profile of the drill bit so that all parts
of the abrasive surface of each pad engage the forma-
tion. While such an arrangement may be preferred when
drilling some types of formation, some other types of for-
mation may not be efficiently cut by abrasive pads of
such configuration. According to another aspect of the
invention, therefore, the outer surfaces of the pads are
configured in a manner to enhance the cutting effective-
ness of the pads with a wider variety of types of forma-
tion.

[0019] According to this aspect of the invention there
is provided a rotary drill bit comprising a bit body having
a leading surface comprising a plurality of pads extend-
ing outwardly away from the central longitudinal axis of
the bit and separated by channels for drilling fluid, at
least some of the pads each having an abrasive surface
including particles of superhard material, the abrasive
surfaces of at least some of the pads being so shaped
in circumferential cross-section that some portions of
the abrasive surface are disposed inwardly or outwardly
of other portions of the surface. l.e. not all portions of
the abrasive surface of the pad are at the same radius
from the bit axis and do not therefore all lie on the overall
cutting profile of the bit.

[0020] Forexample, the surface of a pad may have at
least a portion which is inclined to face partly forwardly
or rearwardly with respect to the normal direction of ro-
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tation of the drill bit, or opposed portions which are in-
clined to face in both such directions.

[0021] Alternatively, the surface of a pad may be
formed with alternating ribs and grooves extending
along the pads as they extend away from the central
longitudinal axis of the drill bit. The ribs and grooves may
be generally curved, triangular or rectangular in cross-
section, or any combination of these or other shapes.
[0022] In an alternative arrangement the surface of a
pad may be concavely or convexly curved in circumfer-
ential cross-section, the curvature being of smaller ra-
dius than the curvature of the overall cutting profile of
the drill bit at the location of the cross-section of the pad.
[0023] The above described feature of shaping of the
cross-section of the pads may be combined with any of
the other features of the invention previously referred to.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1A is a perspective view of an impreg-
nated drill bit in accordance with the present invention.
[0025] Figure 1B is a diagrammatic end view of the
leading face of an impregnated drill bit in accordance
with the present invention.

[0026] Figure 2 is a diagrammatic representation of
the cutting profiles of three different types of abrasive
pad on the drill bit.

[0027] Figure 3 is a similar view to Figure 2 of alter-
native shapes of profile.

[0028] Figure 4 is a further view showing alternative
shapes of profile.

[0029] Figure 5 is a circumferential cross-section
through an abrasive impregnated pad in a prior art im-
pregnated drill bit.

[0030] Figures 6-12 are similar diagrammatic cross-
sections through alternative shapes of abrasive pad in
accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] As shown in Figures 1A and 1B, the rotary
drag-type drill bit 6 of the present invention has a longi-
tudinal axis 9, a bit body 8 with a first end 5 which is
adapted to be secured to a drill string (not shown). Typ-
ically, threads 4 are used for attachment to the drill
string, but other forms of attachment may also be uti-
lized. At the second, opposite end 7 of the bit body 8 is
leading surface 10 of the drill bit 6. The leading surface
10 being formed with a plurality of wearable, outwardly
extending pads 11 separated by flow channels 12 for
drilling fluid which lead to junk slots 13 at the outer pe-
riphery of the bit. The junk slots 13 extend generally ax-
ially upwardly across the gauge portion 14 of the drill bit.
[0032] During operation, the bit body 8 is rotated by
some external means while the drill bit 6 is forced into
the material being drilled. The rotation under load caus-
es the leading surface 10 to engage the drilled material



5 EP 1 006 257 A2 6

and remove the material in a scraping and/or gouging
action.

[0033] The bit body 8 has internal passaging (not
shown) with allows pressurized drilling fluid to be sup-
plied from the surface to a plurality of orifices 3. These
orifices 3 discharge the drilling fluid to clean and cool
the leading surface 10 as it engages the material being
drilled. The drilling fluid also transports the drilled mate-
rial to the surface for disposal

[0034] An outer surface layer of each pad 11 is im-
pregnated in known manner with a large number of
abrasive particles of superhard material (not shown)
which may be natural or synthetic diamond. For exam-
ple, the diamond particles may be of a size in the range
of from 2-1000 particles/carat. The diamond impregnat-
ed layer may for example have a thickness in the range
of 3-25mm.

[0035] In known manner, the bit body 8 is molded, us-
ing a powder metallurgy process, and the diamond par-
ticles are impregnated into the surface of the bit body
by applying a layer of tungsten carbide paste, or
premolded parts in which the particles are suspended,
to the interior surface of the mold along surfaces corre-
sponding to the lands 11. The paste may be formed with
the tungsten carbide, the particles and other materials
mixed with an organic binder or other form of binder ma-
terial. Strips of clay or other suitable mold material are
also applied to the interior surface of the mold to define
the waterways 10. The mold is then packed with dry par-
ticulate tungsten carbide or equivalent material. The
mold is then placed in a furnace where a suitable copper
or other alloy is infiltrated downwardly though the car-
bide particles so as to form, upon cooling, a body of solid
infiltrated matrix material in the shape of the mold, and
having diamond particles embedded in its outer surface.
This method of construction of impregnated drill bits is
well known in the art and will not therefore be described
in further detail.

[0036] Although the invention is particularly applica-
ble to impregnated drill bits, it may also be applicable to
drill bits where larger natural or synthetic diamonds are
set in the outer surface of the pads on the bit body.
[0037] In priorart bits of the kind to which the invention
relates, the outer surfaces of all of the abrasive pads 11
lie on the same overall common cutting profile of the drill
bit so that, during drilling, all of the pads act on the for-
mation simultaneously.

[0038] Inaccordance with the presentinvention, how-
ever, some of the pads 11 have outer profiles which are
at different locations with respect to the bit body, and
one such arrangement is shown diagrammatically in
Figure 2, where the reference 9 indicates the central lon-
gitudinal axis of rotation of the drill bit. The outermost of
the abrasive pads 11 with respect to the bit body define
a leading surface 17, 21, 22, 30 of the bit 6 as it rotates
about its central longitudinal axis 9.

[0039] As may be seen from Figure 2, a set of four of
the pads 11, indicated at C in Figures 1 and 2, have an
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outer cutting profile 15. A set of two of the pads, indicat-
ed at B in Figures 1 and 2, have an outer cutting profile
16 which is disposed outwardly of the cutting profile 15
of the pads C, and is distinct from the cutting profile 15
of pass C. A further pair of pads, indicated at A, in Fig-
ures 1 and 2, have an outer cutting profile 17 which is
disposed outwardly of both the cutting profiles 15 and
16, and is distinct from both. The outer cutting profile 17
ofthe pads 11 in set A form the leading surface of the bit.
[0040] Although the cutting profiles are spaced apart
along most of their length, it will be seen from Figure 2
that they converge so as to become of the same diam-
eter at the outer periphery of the drill bit, as indicated at
18 in Figure 2 but not necessarily at the same height.
This ensures that the overall diameter of the borehole
being drill remains constant irrespective of differential
wear of the pads.

[0041] A useful feature of the abrasive impregnated
pads 11 is that the pads 11 are wearable. As the cutting
surface wears, new abrasive cutting elements are ex-
posed. The result is that, even though worn, the cutting
surface continues to remove formation at the same cut-
ting rate as an unworn cutting surface.

[0042] During initial drilling most of the removal of for-
mation will be effected by the two outermost abrasive
pads marked A and therefore comparatively high ROP
can be achieved in the softer formation. As drilling con-
tinues, the pads A begin to wear while remaining equally
effective in formation removal as when new, as new
abrasive particles are continuously exposed at the sur-
face of the pads A. The pads A have a substantially con-
stant abrasive area as they wear.

[0043] This behavior is the opposite from non-impreg-
nated diamond containing drag-type drill bits. When the
cutting surfaces of non-impregnated diamond contain-
ing drag-type drill bits wear even a relatively small
amount, the exposed surface loses its ability to effec-
tively remove formation and acts more as a formation
bearing element rather than as a formation removing el-
ement. As opposed to the present invention, these
would be considered non-wearable surfaces.

[0044] As the pads A wear down, the next inner pads
B increasingly come into play so as to increase the abra-
sive area acting on the formation in a manner more ap-
propriate to harder formations. As wear continues and
pads A and B will wear down to the level of the innermost
pads C, all of the pads will remove formation and the bit
will act as a heavy set bit suitable for drilling the harder
formations likely to be met at greater depth. During op-
eration, each set of pads A, B, C each have a substan-
tially constant abrasive area as they wear. However, the
total abrasive area of the bit increases incrementally,
first as set B of the pads, and later as set C of pads,
begin to remove formation.

[0045] It will be appreciated that any number of differ-
ent sets of pads having cutting profiles at different posi-
tions may be provided, although two to five such sets
are preferred. The different cutting profiles maybe dis-
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tributed in any manner between the pads on the drill bit,
although symmetrical distributions are preferred, such
as shown in Figure 1, to ensure that stability of the bit
as it rotates is maintained, regardless of how many pads
are actually acting on the formation. Assymetric distri-
butions may be used for some applications. Although a
total of eight generally radially extending pads are
shown in Figure 1, it will be appreciated that any number
and configuration of pads may be employed, for exam-
ple the pads may be of any of the configurations used
in the prior art, but with the difference that, according to
the invention, the outer profiles of different sets of pads
are at different positions relative to the bit body.

[0046] Figure 3 shows a modified version of the ar-
rangement of Figure 2 where the profiles of the three
sets of pads, instead of converging gradually towards
the outer periphery of the drill bit, are stepped, as indi-
cated at 19 in Figure 3, again to ensure that the cutting
profiles of the sets of pads are equidistant from the cen-
tral longitudinal axis 9 at the periphery of the bit, thereby
ensuring that the diameter of the borehole does not vary
significantly with differential wear of the pads.

[0047] Inthe arrangements of Figures 2 and 3 the out-
er abrasive surfaces of the pads are smoothly curved
as they extend outwardly away from the central longitu-
dinal axis of the bit and consequently the outer cutting
profiles of the pads follow and are close to the surface
contours of the pads themselves.

[0048] As previously mentioned, however, the outer
surfaces of the pads may not be smoothly and continu-
ously curved but may comprise higher and lower re-
gions, in which case the outer profile is defined by the
higher regions of the surface, the lower regions lying in-
wardly of the outer profile. Such an arrangement is
shown diagrammatically in Figure 4 where the pads C
having the innermost cutting profile 20 have a surface
profile which undulates as it extends outwardly away
from the central longitudinal axis 9 of the drill bit. The
cutting profile 20 extends thus across the tops of the
undulations.

[0049] The intermediate pads B are smoothly and
continuously curved so that their cutting profile follows
the actual surface of the pads. The pads A, having the
outermost cutting profile 21, have a generally saw tooth
configuration along their length.

[0050] The operation of the drill bit 8 of Figures 2 and
3 is shown by an example of an 8-3/8 inch (213 mm)
642 type diamond impregnated bits made by Reed-Hy-
calog. The bit 8 has a total of fifteen pads 11 arranged
in a configuration similar to Figure 2. In the 642 type bit
there are five pads in set A, five pads in set B and five
pads 11 in set C. The pads 11 of set A in this bit are
disposed outwardly by 2 mm from the pads 11 of set B.
The pads 11 of set C in this bit are disposed outwardly
by 2 mm from the pads 11 of set C. This bit is designed
to run in the Naricual formation, in Venezuela. In this
region the very hard and abrasive formations in the in-
terval from about 15,000 feet deep (4572 meters) to

10

15

20

25

30

35

40

45

50

55

about 16,500 feet (5029 meters) deep typically took
about 150-300 hours of drilling time to drill. In many cas-
es, several drill bits were required to drill this interval.
[0051] A 642 type bit of the present invention is typi-
cally run in this formation at 1200 RPM with an applied
drilling weight of 8000 pounds (3629 kg). The bit initially
drills the upper part of this formation with only the five
pads in set A. In this operating condition, the bit can drill
about .05mm of the formation per bit revolution. As the
bit drills, the pads 11 continually wear at a known rate.
[0052] The wear rate of the bit is determined by the
size and type of diamond grit, and the concentration of
the diamond grit in the matrix. The bit designer adjusts
these to cause the bit to wear in a known manner. Of-
tentimes, the adjustments are so precise, bits run in ad-
jacent boreholes will have differing diamond grit constit-
uencies. Although not a requirement, all the pads 11 of
the matrix on the bit in this example have the same dia-
mond constituencies.

[0053] Inthe presentexample, the diamonds particles
are a relatively coarse .5 mm average diameter with a
concentration of 50%-55%. With this constituency, the
pads A wear about 2mm in 500 feet (152 meters) of drill-
ing. At this point, the five pads in set B join the five pads
in set A for a total of ten pads removing formation. With
10 pads in contact, the bit now drills only about .03 mm/
revolution. After about 500 more feet (152 meters) of
drilling, the pads of set A and set B have worn an addi-
tional 2mm so that now all 15 pads of sets A, Band C
join to drill the borehole to its final depth. With all 15 pads
in contact the bit drills only about .01 mm/revolution.
[0054] A single 642 type bit of the present example is
expected to drill this interval in 100-150 hours. The
wearable pads 11 allow the bit to drill relative quickly in
the less tough, upper section of the interval. As the for-
mation becomes progressively denser, tougher and
more abrasive in the middle and lower sections, more
of the pads 11 come in contact with the formation as the
pads wear. A characteristic of the bit is that the drilling
rate does not significantly change as the sets of pads in
contact with the formation wear. Instead, the drilling rate
changes only when the wear causes additional pads to
contact the formation.

[0055] In a second example, an 8-1/2 inch (216 mm)
672 type diamond impregnated bits made by Reed-Hy-
calog, has a total of twenty-four pads 11 arranged in a
configuration similar to Figures 1 and 2. In the 642 type
bit there are eight pads in set A, eight pads in set B and
eight pads 11 in set C. The pads 11 of set A in this bit
are disposed outwardly by 1.0 mm from the pads 11 of
set B. The pads 11 of set B in this bit are disposed out-
wardly by 1.0 mm from the pads 11 of set C. This bit is
designed to run in the Mirador formation, in Columbia.
In this region the very hard and abrasive formations in
the interval from about 16,000 feet (4877 meters) deep
to about 16,500 feet (5029 meters) deep typically took
about 60-100 hours of drilling time to drill. In many cas-
es, several drill bits were required to drill this interval.
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[0056] A 642 type bit of the present invention is typi-
cally run in this formation at 600 RPM with an applied
drilling weight of 8000 pounds (3629 kg). The bit initially
drills the upper part of this formation with only the five
pads in set A. In this operating condition, the bit can drill
about .04 mm of the formation per bit revolution. As the
bit drills, the pads 11 continually wear at a known rate.
[0057] Inthe presentexample, the diamonds particles
are a relatively coarse 0.4mm average diameter with a
concentration of 50%-55%. With this constituency, the
pads A wear about 1 mm in 100 feet (30 meters) of drill-
ing. At this point, the eight pads in set B join the eight
pads in set A for a total of sixteen pads removing forma-
tion. With sixteen pads in contact, the bit now drills only
about .03mm/revolution. After about 200 more feet (60
meters) of drilling, the pads of set A and set B have worn
an additional 1mm so that now all twenty-four pads of
sets A, B and C join to drill the borehole to its final depth.
With all twenty-four pads in contact the bit drills only
about .01mm/revolution.

[0058] A single 672 type bit of the present example is
expected to drill this interval in 40-80 hours. The wear-
able pads 11 allow the bit to drill relative quickly in the
less tough, upper section of the interval. As the forma-
tion becomes progressively denser, tougher and more
abrasive in the middle and lower sections, more of the
pads 11 come in contact with the formation as the pads
wear. Again, the drilling rate changes only when the
wear of the pads cause additional pads to contact the
formation.

[0059] An alternate embodiment of the invention is
shown in Figure 4. Figure 4 shows only diagrammatical-
ly the principle that the actual surfaces of the pads do
not require to be smoothly and continuously curved.
[0060] Figure 5 shows diagrammatically a circumfer-
ential cross-section through a radial pad of a conven-
tional prior art impregnated drill bit. The outer surface of
the pad, which abrades the formation, is indicated at 22
and the channels or waterways along each side of the
pad are indicated at 23.

[0061] As may be seen from Figure 5, in the conven-
tional prior art arrangement the circumferential profile of
the pad is smoothly curved at the same radius as the
overall cutting profile of the drill bit as a whole, which is
indicated at 24. Consequently this means that the whole
of the outer abrasive surface of the pad acts on the for-
mation simultaneously.

[0062] As previously mentioned, however, according
to another aspect of the present invention it has been
discovered that impregnated drill bits can be made to
cut a wider variety of different formations efficiently by
configuring the circumferential cross-sectional shape of
the pads 11 so that not all of the pad 11 acts on the for-
mation at the same time. Typical configurations in ac-
cordance with the invention are shown diagrammatically
in Figures 6-12.

[0063] In the arrangement of Figure 6 the outer sur-
face of the pad 11 is shaped to provide two inclined sur-
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faces 25 facing respectively forwardly and rearwardly
with reference to the normal direction of rotation of the
drill bit during drilling, as indicated by the arrow 26.
[0064] In the arrangement of Figure 7 the single sur-
face 27 of the pad 11 is inclined to face rearwardly while
in Figure 8 the surface 28 of the pad faces forwardly.
[0065] In Figures 6, 7, and 8 the wearable pads 11
have a surface acting on the formation which forms the
leading surface of the bit 6. Other surfaces of the pads
11 are disposed inwardly with respect to the bit body
along the longitudinal axis from the leading surface of
the bit 6.

[0066] In Figure 9 the outer surface 29 of the pad 11
is convexly curved in cross-section but the radius of cur-
vature of the pad is significantly smaller than the radius
of curvature of the overall cutting profile 30A of the drill
bit so that not all of the surface 29 acts on the formation
simultaneously. Only the section of the surface indicated
by numeral 44 initially acts on the formation. In opera-
tion, the surface 29 wears to a new cutting profile 40A.
This causes the initial area of the abrasive surface 44
on the pad 11 to increase to that indicated by 42A as the
bit 6 drills.

[0067] In the arrangement of Figure 10 the outer sur-
face of the pad 11 is formed with two longitudinal con-
vexly curved ribs 31 separated by a groove 32. In this
configuration, the initial radius of curvature of the overall
cutting profile is indicated as 30B, and each rib 31 will
only have a limited area acting on the formation. How-
ever, in operation, the ribs 31 wear to a new cutting pro-
file 40B. This causes the initial area of the abrasive sur-
face on eachrib 31 of the pad 11 to increase as indicated
by 42B as the bit 6 drills.

[0068] In Figure 11 three generally triangular ribs 33
on the pad 18 are separated by triangular grooves 34.
In this configuration, the initial radius of curvature of the
overall cutting profile is indicated as 30C, and each
groove 34 will only have a limited area acting on the for-
mation. However, in operation, the ribs 33 wear to a new
cutting profile 40C. This causes the initial area of the
abrasive surface on each rib 33 of the pad 11 to increase
as indicated by 42C as the bit 6 drills.

[0069] In the arrangement of Figure 12 three gener-
ally rectangular ribs 35 on the pad are separated by rec-
tangular grooves 36. In this configuration, the initial ra-
dius of curvature of the overall cutting profile is indicated
as 30D, and each rib 35 will only have a limited area
acting on the formation. However, in operation, the ribs
35 wear to a new cutting profile 40B. This also causes
the initial area of the abrasive surface on each rib 35 of
the pad 11 to increase as the bit 6 drills.

[0070] In all of the arrangements of Figures 6 - 12 the
effective surface area of the wearable pads 11 will in-
crease as the pads 11 wear.

[0071] In Figures 6 - 8, a first portion of surface of the
wearable pads 11 form the outer profile of the bit 6, and
a second portion of the surface of the wearable pads 11
is disposed inwardly with respect to the bit body 8 along
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the longitudinal axis 9 from the leading surface of the bit
6. As the pads 11 wear, the second portion of the surface
disposed inwardly with respect to the bit body 8 along
the longitudinal axis 9 from the leading surface of the bit
6 continuously increases in surface area. The result is
that the wearable pads 11 will effectively become heav-
ier set as wear occurs, which is desirable for the reasons
previously explained.

[0072] In Figures 9 - 12, before they begin to wear,
the wearable pads 11 form a first outer profile 30A, 30B,
30C, 30D. The set of wearable pads 11 which form the
first outer profile 30A, 30B, 30C, 30D combine to form
a first contact area acting on the formation. Once the bit
6 has been in operation for a period of time, the wearable
pads 11 will form a secondary outer profile 40A, 40B,
40C, 40D. The set of wearable pads 11 which form the
secondary outer profile 40A, 40B, 40C, 40D combine to
form a second contact area acting on the formation that
is greater than the first contact area. The result is that
the wearable pads 11 will effectively become heavier set
as wear occurs, which is desirable for the reasons pre-
viously explained.

[0073] Whereas the present invention has been de-
scribed in particular relation to the drawings attached
hereto, it should be understood that other and further
modifications, apart from those shown or suggested
herein, may be made within the scope and spirit of the
present invention.

Claims

1. Arrotary drag-type drill bit comprising a bit body (8)
having a central longitudinal axis (9), a leading sur-
face (10) and a plurality of wearable pads (11) sep-
arated by a plurality of flow channels (12) for a drill-
ing fluid, the wearable pads (11) being impregnated
with particles of a superhard material and having an
abrasive surface, a set (A) of the wearable pads (11)
forming an initial outer profile (17) with a first contact
area, the set (A) of wearable pads wearing during
operation to form a secondary outer profile with a
second contact area, wherein the second contact
area is greater than the first contact area.

2. The rotary drag-type drill bit of Claim 1 wherein the
superhard material is diamond.

3. The rotary drag-type drill bit of Claim 2 wherein the
diamond comprises natural diamond of a size of
from about 2 to about 1000 diamonds per carat.

4. The rotary drag-type drill bit of Claim 2 wherein the
diamond comprises polycrystalline diamond.

5. A rotary drag-type drill bit comprising a bit body (8)
having a longitudinal axis (9), a leading surface
(10), and a plurality of wearable pads (11) separated
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12.

13.

14.

15.

by a plurality of flow channels (12) for a drilling fluid,
the wearable pads (11) being impregnated with par-
ticles of a superhard material and having an abra-
sive surface, a first portion of the surfaces of the
wearable pads (11) forming the leading surface of
the drill bit, a second portion of the wearable pads
(11) disposed inwardly with respect to the bit body
along the longitudinal axis (9), from the leading sur-
face (10) of the bit.

The rotary drag-type drill bit of Claim 5 wherein the
superhard material is diamond.

The rotary drag-type bit of Claim 6 wherein the dia-
mond comprises natural diamond of a size of from
about 2 to about 1000 diamonds per carat.

The rotary drag-type drill bit of Claim 6 wherein the
diamond comprises polycrystalline diamond.

A rotary drag-type drill bit comprising a bit body (8)
having a central longitudinal axis (9) a leading sur-
face (10), and a plurality of wearable pads (11) sep-
arated by a plurality of flow channels (12) for a drill-
ing fluid, the wearable pads (11) being impregnated
with particles of superhard material and having an
abrasive surface, afirst set (A) of the wearable pads
(11) forming a first outer profile (17) the first outer
profile (17) forming the leading surface (10) of the
drill bit, a second set (C) of the wearable pads (11)
forming a second outer profile (15) distinct from the
leading surface of the bit, at least a portion of the
second outer profile (15) being disposed inwardly
with respect to the bit body (8) along the central lon-
gitudinal axis (9) from the leading surface of the bit.

The rotary drag-type drill bit of Claim 9, wherein
each wearable pad (11) is continuous.

The rotary drag-type drill bit of Claim 9 or Claim 10,
wherein the superhard material is diamond.

The rotary drag-type drill bit of Claim 11, wherein
the diamond comprises natural diamond of a size
of from about 2 to about 1000 diamonds per carat.

The rotary drag-type drill bit of Claim 11, wherein
the diamond comprises polycrystalline diamond.

The rotary drag-type drill bit of any one of Claims 9
to 13, wherein a third set (B) of the wearable pads
(11) from a third outer profile (16) intermediate the
second outer profile (15) and the leading surface
(10) of the bit.

The rotary drag-type drill bit of any one of Claims 9
to 14, wherein the second outer profile (15) is dis-
placed from the leading surface (10) of the bit by at
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least about 2mm.

The rotary drag-type drill bit of Claim 14, wherein
the third outer profile (16) is displaced from the sec-
ond outer profile (15) by at least about 1mm.

The rotary drag-type drill bit of any one of Claims 9
to 16, wherein the second outer profile (15) and the
leading surface (10) of the bit converge at an outer
periphery of the bit.

The rotary drag-type drill bit of Claim 17 wherein a
third set of the wearable pads (11) form a third outer
profile intermediate the second outer profile and the
leading surface of the bit, the third outer profile, the
second outer profile and the leading surface of the
bit all converge at the outer periphery of the bit.

A rotary drag-type drill bit comprising a bit body (8)
having a central longitudinal axis (9), a leading sur-
face, and a plurality of wearable pads (11) separat-
ed by a plurality of flow channels (12) for a drilling
fluid, the wearable pads (11) having an abrasive
surface, a first set of the wearable pads (11) having
a first wear area and forming a first outer profile, a
second set of the wearable pads (11) having a sec-
ond wear area and forming a second outer profile
distinct from first outer profile, wherein, during op-
eration the wear area of each of the sets of pads
(11) remain substantially constant.

The rotary drag-type drill bit of Claim 19, wherein
the wearable pads (11) are impregnated with parti-
cles of a superhard material.

The rotary drag-type drill bit of Claim 20, wherein
the superhard material is diamond.

The rotary drag-type drill bit of Claim 21, wherein
the diamond comprises natural diamond of a size
of from about 2 to about 1000 diamonds per carat.

The rotary drag-type drill bit of Claim 21, wherein
the diamond comprises polycrystalline diamond.
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