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(57) ABSTRACT 

A drill bit comprises a bit body having a plurality of 
upstanding main blades formed thereon. The main blades 
have a plurality cutting elements mounted thereon, and they 
are shaped such that a cutting pro?le of the bit includes a 
nose portion, an inner cone region located radially inWards 
of the nose portion and an outer region located radially 
outWards of the nose portion. The bit further has at least one 
additional blade. The additional blade carrying cutting ele 
ments located radially inWards of the outer region of the 
cutting pro?le, but being substantially free of cutting ele 
ments located in the outer region of the cutting pro?le. 
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Fig. 1 
(Prior Art) 
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Fig. 4 
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STABLE ROTARY DRILL BIT 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a rotary drill bit that is 
vibrationally stable, and in particular to a rotary drill bit 
suitable for use in the formation of subterranean Well bores. 

[0002] The cost of drilling a borehole in the subsurface 
formations of the Earth is dependent on the length of time 
taken to drill the borehole to the desired depth. The time 
spent drilling is in turn determined by the rate of penetration 
and the number of times the drill bit has to be changed in 
order to achieve the target depth. 

[0003] A knoWn form of drill bit for use in the formation 
of subterranean Well bores comprises a bit body having 
formed thereon a series of upstanding blades. Each blade is 
provided With a series of cutting elements. The cutting 
elements each typically comprise a substrate of, for 
example, tungsten carbide to Which is bonded a table of a 
superhard material, for example in the form of polycrystal 
line diamond. BetWeen the blades are formed ?oW channels 
to Which drilling ?uid is supplied in use, the drilling ?uid 
serving to clean and cool the cutting elements and to carry 
aWay material removed by the drill bit. 

[0004] In use, the drill bit is rotated about its axis While an 
axially directed load is applied thereto. As a result, material 
is gouged, scraped or abraded from the formation in Which 
the bore hole is being formed, the material being carried 
aWay, as hereinbefore described, by the drilling ?uid. 

[0005] The cutting elements naturally Wear aWay in use 
due to the varying abrasive nature of the subsurface rock 
formations. In practice hoWever, the expected economic life 
of the knoWn drill bits is often degraded due to the cutters 
being chipped or broken. 

[0006] In these cases, the knoWn drill bits are knoWn to 
suffer from literal and torsional vibrations, and these vibra 
tions cause the knoWn drill bit to deviate from its desired 
smooth path through the formation. This results in the 
application of large loadings to the cutting elements 
mounted on the bit Which may cause damage thereto, Which 
results in greatly accelerated degradation of the cutting 
elements. This is particularly apparent When drilling rock 
formations With bits of relatively large diameter. Obviously 
this is undesirable and it is an object of the invention to 
provide a drill bit of improved stability. 

BRIEF SUMMARY OF THE INVENTION 

[0007] According to the present invention there is pro 
vided a drill bit comprising a bit body having a plurality of 
upstanding main blades formed thereon, the blades having a 
plurality cutting elements mounted thereon, the blades being 
shaped such that a cutting pro?le of the bit includes a nose 
portion, an inner cone region located radially inWards of the 
nose portion and an outer region located radially outWards of 
the nose portion, the bit further comprising at least one 
additional blade, the additional blade carrying cutters 
located radially inWards of the outer region, but being 
substantially free of cutters located in the outer region. 

[0008] Such an arrangement is advantageous in that the 
number of cutters located in the cone region, relative to the 
number of cutters on the outer region, can be increased, and 

Nov. 23, 2006 

these additional cutters create a restoring force to prevent the 
drill bit moving off its center of rotation While drilling. This 
can be used to achieve an improvement in bit stability, 
reducing lateral vibration thereof. 

[0009] The outer regions of the additional blades are 
conveniently of increased blade height as compared to the 
outer regions of the main blades. As a result, during drilling, 
the outer regions of the additional blades can bear against the 
surface of the formation being drilled, thereby limiting the 
depth of cut achievable by the cutting elements, and this can 
be used to limit lateral and torsional vibration. 

[0010] Although applicable to drill bits of relatively small 
diameter, the invention is particularly applicable to large 
diameter drill bits, for example bits of diameter falling 
Within the range of approximately 12%" to 26". 

[0011] The cutting elements preferably comprise poly 
crystalline diamond compact cutters, but other arrangements 
are possible, for example the cutting elements could com 
prise diamond crystals, or polycrystalline diamonds, 
mounted upon or embedded in the blades. 

[0012] The outer surface of the outer regions of the 
additional blades may be rendered of improved resistance to 
Wear. This could be achieved for example by mounting 
suitably shaped and positioned, non-cutting, polycrystalline 
diamond compact elements thereon. Alternatively, or addi 
tionally, a hard facing material coating may be applied 
thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The invention Will further be described, by Way of 
example, With reference to the accompanying draWings. 

[0014] FIG. 1 is a diagrammatic vieW of a typical knoWn 
drill rig and a section through a portion of the Earth Where 
a borehole is being drilled. 

[0015] FIG. 2 is an end vieW of a drill bit in accordance 
With one embodiment of the invention. 

[0016] FIG. 3 is a perspective vieW of the drill bit of FIG. 
2. 

[0017] FIG. 4 is a side vieW of the drill bit of FIG. 2. 

[0018] FIG. 5 is a diagram illustrating the cutting pro?le 
of the bit of FIG. 2. 

[0019] FIG. 6 is a vieW similar to FIG. 2 of an alternative 
embodiment of a drill bit of the invention. 

[0020] 
FIG. 6. 

FIG. 7 is a sectional vieW along the line 7-7 of 

DETAILED DESCRIPTION OF THE 
INVENTION AND THE PREFERRED 

EMBODIMENT 

[0021] Referring ?rst to FIG. 1, a drilling system 1, is 
shoWn and comprises a drill rig 2, With a drill string 3, and 
a drill bit 6, located Within borehole 5. The drill bit 6 may 
be rotated from the surface by rotation of the drill string. 
Alternatively or additionally the drill bit 6, may be rotated 
by a doWnhole motor or turbine 4. 

[0022] Referring to FIGS. 2 to 5 there is shoWn a drill bit 
comprising a bit body 10 having a front face 12 and a 
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connection region 14 designed to allow the bit to be con 
nected to other doWnhole components, in use, to allow the 
bit to be driven for rotation about its centerline 16 and to 
alloW an axially directed load to be applied thereto. 

[0023] Mounted on the bit body 10 are a number of 
upstanding main blades 18, the main blades 18 upstanding 
from the front face 12 of the bit body 10. The main blades 
18 include a ?rst plurality of blades 18a Which extend from 
the center line 16, of the bit to the gauge region 20 thereof, 
and a second plurality of blades 18b Which stop short of the 
center line 16, of the bit. These upstanding main blades 18 
may be integrally formed on the bit body, or alternately, may 
be formed separately and later attached to the bit body 10. 
The gauge regions 20 of the main blades 18 are of substan 
tially uniform gauge length, the gauge regions 20 all being 
located at the same axial position on the bit. 

[0024] As can be seen most clearly in FIGS. 4 and 5, the 
main blades 18 are shaped to de?ne a bit pro?le 21 including 
a nose portion 22 of annular shape located at the axially most 
remote part of the bit from the connection region. Radially 
inWard of the nose portion 22 is a cone region 24, and 
radially outWard of the nose portion 22 is an outer region 26. 

[0025] The main blades 18 each carry a series of cutting 
elements 28. Each cutting element 28 is in the form of a 
polycrystalline diamond compact comprising a table of 
polycrystalline diamond Which is bonded to a substrate of 
less hard material, typically tungsten carbide. The cutting 
elements 28 are located on parts of the blades 18 in the cone 
region 24, at the nose portion 22 and in the outer region 26. 

[0026] Back-up cutting elements 28a are provided imme 
diately behind, and at the same general radial position as at 
least some of the cutting elements 28, in a knoWn manner. 

[0027] In addition to the main blades 18, the bit body 10 
is further provided With a plurality of additional blades 30. 
As illustrated, each additional blade 30 is located immedi 
ately behind an associated one of the main blades 18b, the 
additional blades 30 being substantially equally spaced apart 
around the bit body 10. Each additional blade 30 includes a 
part located in the cone region 24, a part located at the nose 
portion 22 and a part located in the outer region 26, and 
includes a gauge region aligned With the gauge regions 20 of 
the main blades 18. 

[0028] BetWeen the main blades 18a, 18b and the addi 
tional blades 30 are formed a series of How channels 32 to 
Which drilling ?uid is supplied, in use, through passages (not 
shoWn) located internally of the bit and through noZZles 34. 
The ?uid serves to clean and cool the cutting elements, and 
also serves to carry aWay from the bit formation material 
Which, in use, is removed by the cutting elements. 

[0029] Like the main blades 18, the additional blades 30 
are also adapted to carry a series of cutting elements 28. The 
cutting elements 28 carried by the additional blades 30 are 
located radially inWards of the outer region 26, being located 
only in the cone region 24 and the nose portion 22, While the 
outer region 26 is free of cutting elements 28. The provision 
of the cutters 28 only in the cone region 24 and nose portion 
22 of the additional blades 30 serves to enhance the stability 
of the bit. This is because, in order to reduce lateral 
vibrations, it is important for the lateral forces generated by 
the cutting elements to be balanced. Where the bit is of large 
diameter, as in the arrangement illustrated, this is usually 
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dif?cult as the torque generated by the radially outer cutting 
elements is high compared to the torque generated by the 
inner cutting elements. The location of the cutting elements 
on the additional blades 30 only at relatively small radial 
distances from the axis enables this part of the bit to carry 
a disproportionately large number of cutting elements, and 
thereby alloWs such balancing to be achieved more easily. 

[0030] The parts of the additional blades 30 in the outer 
regions 26 are, as mentioned hereinbefore, devoid of cutters, 
and Will be referred to hereinafter as cutter devoid surfaces 
36. In addition to being devoid of cutters, the cutter devoid 
surfaces are designed to be of larger blade height than the 
corresponding parts of the main blades 18 With the result that 
engagement of the cutter devoid surfaces 36 With the for 
mation 

[0031] being drilled, in use, limits the depth of cut achiev 
able by the bit. In use, the bit is located doWnhole and is 
driven for rotation about its axis 16. An axially directed load 
sometimes referred to as Weight-on-bit is applied to the bit. 
The combination of the rotary motion and the Weight-on-bit 
causes the cutters 28 to gouge, scrape or abrade material 
from the formation, thereby extending the borehole. 
Changes in the applied Weight-on-bit or changes in the 
formation being drilled can give rise to changes in the depth 
of cut and this, in turn, can cause torsional vibrations to 
occur. With the bit described hereinbefore, the maximum 
depth of cut is limited by the engagement of the cutter 
devoid surfaces 36 With the formation being drilled. As a 
result, variations in depth of cut are reduced and the severity 
of torsional vibrations can be limited, or the initiation of 
such vibrations can be avoided. 

[0032] As the cutter devoid surfaces 36 Wilt in use, bear 
against the formation being drilled, at least for some of the 
time, the surfaces 36 may be subject to Wear. In order to limit 
such Wear, a Wear resistant coating may be applied thereto. 
Alternatively, a series of Wear resistant inserts, for example 
in the form of suitably shaped polycrystalline diamond 
compacts, may be mounted upon the surfaces 36. 

[0033] FIGS. 6 and 7 illustrate an alternative embodi 
ment, Which, in many respects, is the same as that illustrated 
in FIGS. 2 to 5. The biggest difference betWeen the tWo 
embodiments is in the number of blades provided, the FIG. 
6 embodiment includes four main blades 1811, four main 
blades 18b and four additional blades 30. FIG. 7 illustrates 
the pro?le of the additional blades 30, the pro?le of the 
corresponding parts of the main blades 18 being represented 
by the dotted line 38, thereby illustrating the difference in 
blade heights of the blades 18, 30. Speci?cally, the cutter 
devoid surfaces 36 of the additional blades 30 are at a greater 
blade height than the corresponding parts of the main blades 
18. 

[0034] It Will be appreciated that a range of modi?cations 
and alterations may be made to the arrangements described 
hereinbefore Without departing from the scope of the inven 
tion. For example, rather than using polycrystalline diamond 
compacts as the cutting elements, it may be possible to use 
diamond crystals or polycrystalline diamond mounted upon 
or embedded in the blades 18, 30. Further, alternative means 
may be used to render the cutter devoid surfaces of good 
Wear resistance. A further possibility may be to shape the 
cutter devoid surfaces so as to match the actual shape of the 
bottom hole surface created by the cutter elements 28, at the 
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desired rate of penetration. As a result, the full surface area 
of each cutter devoid surface can be arranged to engage the 
formation being drilled. 

[0035] Whereas the present invention has been described 
in particular relation to the draWings attached hereto, it 
should be understood that other and further modi?cations 
apart from those shoWn or suggested herein, may be made 
Within the scope and spirit of the present invention. 

What is claimed is: 
1. A drill bit comprising a bit body having a plurality of 

upstanding main blades formed thereon, the main blades 
having a plurality cutting elements mounted thereon, the 
main blades being shaped such that a cutting pro?le of the 
bit includes a nose portion, an inner cone region located 
radially inWards of the nose portion and an outer region 
located radially outWards of the nose portion, the bit further 
comprising at least one additional blade, the additional blade 
carrying cutting elements located radially inWards of the 
outer region of the cutting pro?le, but being substantially 
free of cutting elements located in the outer region of the 
cutting pro?le, Wherein the cutting elements provided on the 
main blades and on the additional blades are located such 
that the lateral forces generated by the cutting elements, in 
use, are substantially balanced. 

2. A drill bit according to claim 1, Wherein a part of the 
additional blade located in the outer region of the cutting 
pro?le is of increased blade height as compared to parts of 
the main blades located in the outer region of the cutting 
pro?le. 

3. A drill bit according to claim 1, Wherein the bit has a 
diameter falling Within the range of about 12%" to 26". 

4. A drill bit according to claim 1, Wherein the cutting 
elements comprise polycrystalline diamond compact cutters. 
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5. A drill bit according to claim 1, Wherein the cutting 
elements comprise diamond crystals mounted upon or 
embedded in the main and additional blades. 

6. A drill bit according to claim 1, Wherein the cutting 
elements comprise polycrystalline diamond crystals 
mounted upon or embedded in the main and additional 
blades. 

7. A drill bit according to claim 1, Wherein an outer 
surface of a part of the additional blade located in the outer 
region of the cutting pro?le is rendered of improved resis 
tance to Wear. 

8. A drill bit according to claim 7, Wherein the said part 
of the additional blade located in the outer region is rendered 
of improved resistance to Wear by having suitably shaped 
and positioned, non-cutting, polycrystalline diamond ele 
ments mounted thereon. 

9. A drill bit according to claim 7, Wherein the said part 
of the additional blade located in the outer region is rendered 
of improved resistance to Wear by having a hard facing 
material coating applied thereto. 

10. A drill bit according to claim 1, Wherein the plurality 
of main blades comprise a ?rst plurality of blades Which 
extend inWardly to a centerline of the bit body, and a second 
plurality of blades Which stop short of the centerline of the 
bit body. 

11. A drill bit according to claim 1, Wherein a plurality of 
the additional blades are provided, the additional blades 
being substantially equally spaced around the bit body. 

12. A drill bit according to claim 1, Wherein the main 
blades and the additional blades each have a gauge region, 
the gauge regions being of substantially uniform length and 
being aligned With one another. 

* * * * * 


