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(571 ABSTRACT 

A ro tary drill bi t for use in driJl ing boles in subsurface 
formations comprises a bit body having a leading face and 
a gauge region, a number of blades formed on the leading 
face of tbe bit and extending outwardly away from the axis 
of the bil so as 10 define between tbe blades a number of fluid 
channels leading towards the gauge region, a num ber o( 
culling elements moun1ed side-by-side along each blade, 
and a number of nozzles in !he bit body for supplying 
drilling flu id to the fluid channels for cleaning and cooling 
tbe cutting elements. lo each of tbe fluid channels, adjacenl 
the gauge region, is an opening in to an enclosed passage 
which passes interoaJly through the bit body to an outlet 
which, in use, communicates witb the annulus between the 
drill string and the wall of the borehole being drilled. The 
gauge region of the drill bit comprises a substantially 
continuous bearing surface which extends around the whole 
of the gauge region. 

51 Claims, 7 Drawing Sheets 
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ROTARY DRILL BITS 

REFERENCE TO RELATED APPLICATION 

This is a Cootinua tion- in-Part of U.S. patent appljcation 
Ser. No. 08/541,774, f:tled Oct. 10, 1995. Aod oow is U.S. 
Pat. No . 5,671,818. Also, this application is related to 
aoother cootinuation-in-parl application of the same pareot 
application and having the same title by Douglas Caraway, 
John Hayward, Malcolm R. Taylor, Tom Scott Roberts, 
Steven Taylor, and Graham Watson filed simullaoeously 
with the present application, the entirety of which is hereby 
incorporated by refcreoce. 

BACKGROUND OF THE INVENTION 

L Field of tbe Invention 

The invention relates generally to ro tary drill bits and, 
more particularly, to ro tary drill bits fo r use in drilling holes 
in subsurface formations. 

2. Description of the Related Art 

lo tbe normal prior art construction, tbe gauge regioo of 
a drill bit is formed by a plunlity of kickers which are 
spaced apart around tbe outer periphery of the bit body and 
are formed witb bearing surfaces which, in use, bear against 
tbe wall of the borehole. The kickers generally fo rm con­
tinuations of respective blades formed on the leading face of 
the bit and extending outwardly away from the axis of the bit 
towards the gauge region so as to define between the blades 
Huid cbaonels leading towards the gauge region. Tbe spaces 
between the kickers define junk slots wi th which the chan­
nels between tbe blades communicate. During drilling, drill­
ing fluid pumped down tbe drill st ring to nozzles in the bit 
body flows outwardly along tbe channels, in to the junk slots 

2 
the cutters, or it may lead to blockage of the junk slots and 
channels by debris. 

The present invention is directed to overcoming, or a t 
least reducing the affects of, one or more of the problems 

5 mentioned above. Specifica lly, tbe present invention may 
provide a rotary drill bit where the bearing surface area of 
the gauge region of the drill bit may be increased without the 
above-mentioned djsaclvantages, and which may also give 
rise to o ther advantages. Also, tile present invention may 

10 provide a non-aggressive smooth steerable drill bi t for 
applications wbere high directional control is required. 

SUMMARY OF 11-[E INVENTION 

15 lo accordance with one aspect of the present invention, 
there is provided a ro tary driU bit for connection to a drill 
string and for drilling boreholes in subsurface forma tions. 
The drill bit includes a bit body having a leading face and a 
gauge region, a plurality of cutting elemenL5 rnouoted on the 

20 leading face of the bit body, a plural ity of Hu id channels 
formed in the leading face of the bit body and exteoding 
outward ly away from tbe axis of tbe bit towards the gauge 
region, aod a plurality of nozzles mounted in the bit body for 
supplying dri lling Huid to the channels for cleaning and 

25 
cooling lhe cutting elements. 1bere is provided in at least 
one of the channels an opening into an enclosed passage 
which passes internally th rough the bit body to an outlet 
which, in use, communicates with tbe annulus between tbe 
dri ll s tring and lhe wall of the borehole being dr illed. The 

30 
portion of the gauge region outwardly of the opening 
includes a bearing surface which extends acros.s the wid th of 
the one channel and, in use, bears against the wall of the 
borehole. 

at the end of the channels, and passes upwardly through the 
35 

junk slots into the annulus between tbe dril l string aod the 
wall of lhe borehole. 

In accordance with another aspect of \be present 
invention, there is provided a rotary drill bit for connection 
to a drill s tring and for drilling boreholes in subsurface 
formations. The drill bit includes a bit body having a leading 
face aod a gauge region, a plura lity of cutting elements 
mounted on the leading face of the bit body, a plurality of 

White such PDC bits have been very successful in dri lling 
relatively soft formations, they have been less successful in 
drilling harder formations, including soft formatio ns which 
include harder occlusions or stringers. Although good ra tes 
of penetration are possible in harder fo rmations, the PDC 
cutters may suffer accelerated wear. Thus, bit life may be too 
short to be commercially acceptable. 

Studies have suggested Lbat the rapid wear of PCD of bits 
io barder formations may be due to chipping of the cutters 
as a result of impact leads caused by vibration of the driU bit. 
One of the most harm fat types of vibra tion can be attributed 
to a phenomenon called "bit whirl," in which the dri ll bi t 
begins to precess around the hole in the opposite direction to 
tbe direction of ro ta tion of the dri ll bit. One resul t of bit 
whirl is tha t some cutters may temporarily move in the 
reverse direction relative to the formatioa and th is can result 
in damage to the cutting elements. 

IL is believed tha t the s tability of such a drill bit, and its 
ability to resist vibration, may be enhanced by increasing the 
area of the bearing surfaces on the gauge region which 
engage the wall of the borehole. In the prior art designs, 
however, tbe area of engagement c,tn only be increased by 
increasing the length and/or width of the bearing surfaces on 
the kickers. It may be undesirable to increase the Jeogth of 
the bearing surfaces since this may lead to difficult ies in 
steering the bit in s teerable drilling systems. Similarly, 
increasing the circumferential wid th of the bearing surfaces 
neces.sarily reduces tbe width of the junk slots between the 
bearing surfaces, and this may lead to less than optimum 
hydraulic flow of drilling fluid along tbe channels and over 

40 fluid channels formed in the leading face of the bit body, and 
a plural ity of nozzles mounted in tbe bit body for supplying 
drilling fluid io the channe ls for cleaning and cooling the 
cutting elements. There is provided in a t least one of the 
channels an opening in to an enclosed passage which pas.ses 

45 internally through the bit body to an outlet which, fu use, 
communicates with the annulus betweeo the drill striog and 
the wall of Lbe borehole being drilled. The gauge region of 
the dri.lJ bi t includes a bearing surface which extends around 
substantia lly the whole of the gauge region. The gauge 

50 region bearing surface may be substantia lly continuous. 
In accordance with still aootber aspect of the present 

invention, there is provided a rotary drill bit for connection 
lo a drill s tring and for drilling boreholes in subsurface 
formations comprising a bit body having a leading face and 

55 a gauge region, a plurality of blades formed on the leading 
face of the bit and extending outwardly away from the axis 
of the bit towards the gauge region so as to define between 
the blades a plura lity of Huicl channels leading towards the 
gauge region, a plura]jty of cull ing elements mounted along 

60 each blade, and a plura lity of nozzles mounted in the bit 
body for su pplying drilling Huid to the channels for cleaniog 
and cooling the cutting elements. There is provided in a t 
least one of the channels an opening io to an enclosed 
passage which passes i nternally th rough the bit body to an 

65 outlet which, in use, communicates with the annulus 
between the drill s tring and the wall of the borehole being 
drilled. The gauge region of the drill bit includes a substao-
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tially continuous bearing surface which extends around 
substantially the whole of the gauge region. 

4 
in each of the first plurality of fluid channe ls. Each of the 
respective openings leads to a respective passage passing 
internally through the bit body. A respect ive bearing member 
is disposed at a portion of the gauge region outwardly from 

In accordance with yet another aspect of the present 
invention, there is provided a rotary drill bit for drilling a 
borehole. The drill bit includes a bi t body baving a leading 
face and a peripheral gauge region. A sbaok is coupled 10 tbe 
body. Tbe shank bas a t least one rel ieved portion. An 
opening is disposed in the leading face. Tbe opening leads 
to a passage passing internally through the bi t body between 
the opening and an outlet. A bearing surface is disposed at 
a portion o f the gauge region radially outwardly from the 
opening. 

5 each of the respective openings. A respective junk slot 
term inates each of the second plurality of fluid channels. 

lo accordance with a flurtber aspect of the present 
invention, there is provided a rotary drill bit for drilling a 
borehole. The drill bit includes a bi t body having a leading 
face and a peripheral gauge region. A plurality of blades is 
disposed on the leading face. The plurality of blades extend 
outwardly toward tbe gauge region and form a plurality of 
fluid channels iherebetween. A plurality of cutting e lements 
is disposed on each of the plurality of blades. A plurali ty of 
nozzles is disposed in the bit body for supplying l'luid to each 
of the l'luid channels. A substantially continuous bearing 
member is disposed in actually spaced apart relation to tbe 

In accordance with still anotber aspect of the present 
invention, there is provided a rotary drill bit. The drill bi t 
includes a bit body having a leading fa<.-e and a peripheral 
gauge region. t\ plurality of cutting elements is disposed on 

lO tbe leading face. A plurality of fluid channels is formed in the 
leading face. A plura lity of nozzles is disposed in the bit 
body for supplying fluid to tbe plurality of channels. A 
respective opening is disposed in each circumferentially 
alternate fluid chaooel. Each oft be respective openings leads 

1s to a respective pa,;sage passing internally through the bi t 
body. A respective bearing member is disposed at a portion 
of the gauge region outwardly f:rorn each o[ the respect ive 
openings. A respective junk slot te rminates each fluid c han­
nel having no opening. 

In accordance wi th yet another aspect of the present 
20 invention, there is provided a method of drilling a borehole. 

bit body. A plurality of fluid passageways passes through an 
interior portion of the bearing member for receiving the 25 

fluid. 

The method includes the steps of: 
(a) rotating a drill bit within a formation, the drill bit 

having culling elements thereon; 
(b) passing fluid through the drill bi t 10 a t least a portion 

of the cutting elements; and 
(c) routing fluid from the portion o f the cutting elements 

internally through the drill bit 10 an annulus between 
the drill bi t and the borehole. 

In accordance wi th an even further aspect of the present 
invention, there is provided a rotary drill bit. The drill bit 
includes a bit body having a leading face and a peripheral 
gauge region. An opening is disposed in the leading face. 
The opening leads to a passage passing internally through 

In accordance with furthe r aspect of the present invention, 
JO there is provided a method of steering a drill bit within a 

borebole. The method includes tile steps of: 

the bit body between the opening and an outlet. A bearing 
surface is disposed ai a portion of the gauge region out­
wardly from the opeaiag. A plurality of reaming cutters is 

35 
disposed on tbe gauge region and spaced apart from the 
reading face . 

In accordance with a still further aspect o[ the present 
invention, there is provided a ro tary drill bit. The drill bi t 
includes a bi t body having a leading face and a peripheral 40 
gauge region. Ao opening is disposed in the leading face. 
TI1e opeoiag leads 10 a passage passing internally through 
the bit body between the opening and an outlet. A bearing 
surface is disposed at a portion of the gauge region out­
wardly from the opening. A peripheral chamfered edge is 45 
formed in the gauge region and is spaced apart from tbe 
leading face . 

la accordance with a yet flurther aspect of the preseot 
invention, there is provided a ro tary drill bit. The drill bit 
ioclucles a bit body having a leading face and a peripheral 50 
gauge region. A plurality o[ blades is disposed on the leading 
face. The plurality of blades extends outwardly toward the 
gauge region and forms a plurality of fluid channels 1her­
ebe1ween. An opening is disposed in at least one of the 
plurality of lluid channels. The opening leads to a passage 55 

passing internally through the bit body between the opening 
and an outlet. Al least one of the plurality o[ fluid channels 
terminates in a bearing member that is disposed al a portion 
of the gauge region ouiwardly from the opening. A junk slot 
terminates al least another of the plurality of fluid channels. 60 

Io accordance with another aspect of tbe presen t 
invention, there is provided a rotary drill bit. 1be drill bi t 
includes a bit body having a leading face and a peripheral 
gauge region. A plurality of cutting elements is disposed on 
tbe leading face. A first plurali ty of fluid channels is formed 65 

in the leading face. A second plura lity of fluid channels is 
formed in the Jcadiog face. A respective opening is disposed 

(a) rotating a drill bit within ube borehole, the drill bit 
having a peripheral gauge region and having a substan­
tially continuous bearing surface disposed about the 
periphera I gauge region; and 

(b) applying a force to the substantially continuous bear­
ing surface to cause the drill bit to change direction of 
drilling the borehole. 

BRIEF DESCRIP110N OF TI-IE DRAWINGS 

The forego ing and o ther advantages of the invemioo may 
become apparent upon reading the following detailed 
description and upon reference to the drawings in which: 

FIG. 1 is a perspective view of one embodiment of a drill 
bit in accordance witb the invention; 

FIG. 2 is an cod view of the drill bit shown in FIG. 1; 
FIG. 3 is a s ide elevation of lhe drill bit; 
FIG. 4 is a similar view to FIG. 2 showing diagrammati ­

cally the hydraulic flow over the surface of ibe drill bit; 
FIG. 5 is a s imilar view to FIG. 2 of an alternative form 

of drill bit; 
FIG. 6 is a perspective view of another embodiment of a 

drill bit in accordance with the present invention; 
FIG. 7 is an encl view of the cl.rill bit shown in FIG. 6; 
FIG. 8 is a side elevation of tile drill bit of FIG. 6; 
FIG. 9 is a.n end view of yet another embodiment of a drill 

bit ia accordance with the present inven tion; 
FIG. 10 is a s ide elevation of another embodiment of a 

drill bit in accordaoce with the ioventioo; 
FIG. ll is a perspective view of another embodiment of 

a drill bit in accordance with the invention; and 
F IG. 12 is an end view of the drill bit s hown in FIG. ll. 

DETAILED DESCRWTION OF SPECIFIC 
EMBODIMENl S 

Turning io the drawings, and referring initially to FIGS. 
1-4, tbe drill bit includes a bit body 10 aod nine blades 12, 
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14, 16, 18, 20, 22, 24, 26, and 28 formed on the leading face 
of the bit and extending outwardly from the axis o[ the bit 
body 10 towards to a gauge regioo 29. Between adjacent 
blades there are defined cbaooels 30, 32, 34, 36, 38, 40, 42, 
44, and 46. 

Extending side-by-side along each of tbe blades are a 
plura lity of cutting elements or s tructures 48. ·The precise 
nature of tbe culling stmctures 48 does not form a part of the 
present invention, so they may be o f any appropriate type. 
For example, as shown, they may be ci rcular preformed 
culling clements brazed Lo cylindrical carriers whicb are 
embedded or otherwise mounted in the blades. The culling 
clements cacb may include a pre-formed compact having a 
polycrystalline diamond front culling layer bonded to a 
tungsten carbide substrate, lbe compact being brazed to a 
cylindrica l tungsten carbide carrier. In another form, !be 
cutting structure 48 may include the substrate of the pre­
formed compact being of sufficient axial length to be 
mounted directly in lbe blade, so tbat the additional carrier 
may then be omilled. Back-up abrasion elements or cuuers 
49 may be spaced rearwardly of some of tbe culling 
structures, as shown. 

loner nozzles 50, 52, and 54 are mounted in the surface of 
lbe bit body 10 and are located fairly close to the central axis 
of rotation of the bit. Each inner nozzle 50, 52, and 54 is so 
located that it can deliver drilling Huid LO two or more 
channels. In addition, peripheral nozzles 56, 58, and 60 are 
located in the channels 34, 40, and 44, respectively, and are 
oriented lo direct drilling fluid inwardly along their respec­
tive cbaoncls towards the center of the drill bit. All of tbe 
nozzles communicate with a central axial passage (not 
shown) in the shank of tbe bit, to which drilling fluid is 
supplied under pressure downwardly through the drill s tring 
in koowo manner. 

5 

6 
mounted in the socket .106 and is angled to direct drilling 
fluid along the passage 98 towards ihe opening 96, so that 
tbe drilling fluid emerges Crom tbe opening 96 aod flows 
inwardly along the channel 30. 

Thus, in tbe case of the channel 30, the conventional junk 
slot is replaced by the enclosed passage 98 which passes 
internally through the bit body 10. This enables the provi­
sion on the adjacent part of the gauge region 29 of a bearing 
surface 104 of extended peripheral extent. This increased 

10 bearing surface 104 may enhance the stability of the drill bit 
in the borehole. 

FIG. 4 shows diagrammatically a typical patlcro of llow 
of drilling fluid over tbe face of the bi t. lt wW be seen tha t 
drilling fluid flows inwardly, as indicated by the arrows, 

!5 from the peripheral nozzles 108, 56, 58, and 60 towards the 
center of the bit and then across the face of the bii to flow 
outwardly along other cbaooels. The outward flow is rein­
forced by the flow from the inner nozzles 50, 52, and 54. 

However, other fl ow patterns are possible and may be 
20 achieved by appropriate location and orientation of the 

nozzles. For example, the nozzle 108 io tbe passage 98 may 
be oriented so as to direct a flow of drilling fluid upwardly 
through the passage 98 towards the outlet 100, in which case 
the flow along the channel 30 will be in an outward direction 

25 towards tbe opening 96. Alternati vely, the nozzle 108 may 
be omiued altogether, and in this case also drilling flujd will 
flow outwardly along the channel 30, such flow being 
derived, for example, from the nozzles 50 and 56. 

30 
FIG. 5 sbows an alternative arrangement wbcrc the open-

ing 110 into the passage 112 is irregularly s haped so as to 
extend over almost all of the entire area of the cbanoel 30 
between the blades U and 14. l o ibis case, a nozzle is not 
provided in tbe passage ll2 and the flow of drilling flujd 

35 
along the channel 30 and through Lhe passage 112 is derived 
from tbc peripheral nozzle 56, as ioclicatecl by the arrows io 
FIG. 5. 

The outer extremities of the blades 12, 14, 16, 18, 20, 22, 
24, 26, and 28 are formed with axially extending kickers 62, 
64, 66, 68, 70, 72, 74, 76, and 78, respectively, which 
provide part-cylindrical bearing surfaces 79 which, in use, 
bear against the surrounding wall of tbe borehole and 

40 
stabilize the bit in the borehole. Abrasion-resistant bearing 
elements 81, of any suitable koowo form, may be embedded 

FIGS. I through 5 illus trate an enclosed passage in only 
one of ihe channels. However, an enclosed passage may be 
included in two or more of Lbe channels. In other words, ibe 
dri ll bit may be arranged such Lh at two or more of the 
channels are closed at their oute r extremity by a bearing 
surface io tbe gauge region, rather than leading 10 conven­
tiooal open juok slots. lo each of tbe closed channels there 
is provided an enclosed passage, similar to the passage 98, 
which passes through the bit body. Il will be appreciated that 

in the bearing s11rfaces 79. 
Each of tbe channels 32, 34, 36, 38, 40, 41, 44, and 46 

leads to a respective junk slot 80, 82, 84, 86, 88, 90, 92, and 45 
94. The junk slots extend upwardly between the kickers, 
generally parallel to the central longitudinal axis of the drill 
bit, so that drilling fluid flowing outwardly along each 
channel passes into tbe associated junk slot and flows 
upwardly, between tbe bit body aod tbe surrounding 50 
formation, into the annulus between tbe drill str ing aod the 
wall of the borehole. 

for each channel !bat is constructed in this manner, the 
overall bearing surface o[ the gauge region will be increased. 
In some cases, it may be desirable lo replace al l of the junk 
slots by enclosed passages, similar to the passage 98, such 
that the whole of the gauge region of the dr ill bit will 
comprise a substantially contiouous aod uninterrupted 360° 
bearing surface for cogaging tbe wall of the borehole. 

One such bit having a substantially continuous bearing 
However, the channel 30 between the blades 12 and 14 

does 001 lead to a conveotiooaljunk slot, but continues right 
up to the gauge region 79 of the drill bit. Formed in the 
channel 30 adjacent tbe gauge region 79 is a circular opening 
96 into an enclosed cylindrical passage 98 which extends 
through the bit body 10 LO an outlet 100 (see FIG. 3) which 
communicates with the annulus. The kickers 78 and 62 at the 
outer extremities of the blades 12 and 14 are connected by 
an intermediate bearing member 101 that bas a bearing 
surface 102 which extends across the width of the channel 

55 surface extending around substantially the whole of the 
gauge region is illustrated in FIGS. 6-8. Similar to the drill 
bit illustrated in FIGS. 1- 5, the drill bit includes a bit body 
120 and eight blades .122 formed on the leading face of he 
bit and extending outwardly from the axis of the bi t body 

60 towards tbe gauge region. Between adj acent blades U2 
there arc define channels 124. 

30 so as to form, with the kickers 78 and 62, a large 
continuous pan-cylindrical bearing surface 104. 

As best seen in FIG. 1, a cylindrical socket 106 is formed 65 

in the side wal l of the p assage 98 and is included at an angle 
to the loogitudioal axis of the passage 98. A nozzle 108 is 

Extending side-by-side along each of the blades 122 is a 
plurality of cutting structures 126. Each cutting structure 
126 includes a preformed culling element brazed to a 
cylindrical carrier which is embedded or otbef\visc mounted 
ia one of the blades U2. Each cutt ing element may include 
a preformed compact baviog a polycrystallioe diamond fron t 
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culling table which is bonded, by brazing for instance, to a 
tungsten carbide substrate. Alternatively, the substrate of the 
preformed compact may be of sufficient axially length to be 
mounted directly in tbe blade, so tbat the addi tional carrier 
may then be omitted. The cutting elemeots are set with a s 
high back rake of 25 on the oose of the drill bit increasing 
to 40 oo the shoulder adjacent the gauge section to reduce 
the reactive torque. 

The outer region of the drill bit also has increased 
protection provided by the add ition of back-up cutlers 130 or 10 

abrasion elements 132 disposed rearwardly of the outer three 
or four cullers on each blade. The back-up cutlers 130 may 
have the same exposure as the primary cutters U6, i.e., they 
may project to the same dic;tance from the surface of the 
blade oo which they are mounted. Alternatively, they may 15 
have a higher or a lower exposure. Similarly, the back rake 
of the back-up cu llers 130 may be the same as the primary 
cutters 126, or ihey may have a greater or smaller back rake 
angle. 

The location o( the back-up cutlers 130 may vary. For 20 

instance, each back-up cutter 130 may be located at the same 
radial position as a corresponding primary cutter 126 so as 
to follow the groove in the formation cut by its associa ted 
primary cutler ll6. Alternatively, the back-up cutlers 130 
may be located at radial positions which are intermediate the 25 

radia l positions of the associated primary cutters, so that 
each back-up cutter 130 removes from the forma tion the 
upstanding kerf left between the two grooves cut by adjacent 
primary cutters and, thus, provides a smoother surface to the 
borehole. Furthermore, each back-up cutter 130 may be JO 
located on the same blade as its associated primary cutter 
U6, or it may be oo a cliffereot blade. 

The gauge region 128 of the bit body includes a continu­
ous bearing surface 134 which extends around the whole of 

35 
tbc gauge region. Gauge protection is provided by inserts 
136 which may be a mixture of polycrystalline diamond 
compacts and diamond inserts.Alternatively, the inserts may 
be made of tungsten carbide. 

Ac; may be seen from FTGS. 6 and 8, the gauge inserts 136 40 
may be located on those parts of the bearing surface 134 
which arc located at the outer cods of the blades 122, i.e., in 
areas where Lhe gauge region 29 is fully supported by the bi t 
body 10 radially inwardly of the gauge region 29. The gauge 
inserts 136 act on the formation more aggressively than the 45 
intermediate portions of the bearing surface 134 where no 
inserts are provided. Tbese greater forces are more easily 
accommodated by the full support of the inserts 136 by the 
bit body 10, as compared wi th the rela tively unsupported 
portions of tbe bearing surface 134 adjacent the openings 50 
140. 

loner nozzles 138 are mounted io the surface of the bi t 
body aod are located fai rly close to tbe centra l axis of 
rotation of the bit. The inner nozzles 138 are positioned to 
give efficient cleaning in the central region of the bit and are 55 

also directed to deliver drilling fluid along a channel 124 on 
Lbe leading side of one of the four longer blades 122 on the 
bit body, so as 10 clean and cool the culling elements 126 
mounted on tha t blade. 

8 
142 communicates, in use, with the annulus between tbe 
drill siring and the surrounding fom1a tion fo rming the walJs 
of the borehole. 

As best seen io FIGS. 7 and 8, outer nozzles 146 are 
located in those passages 142 w hich are disposed on the 
leading sides of the shorter blades 122. These four outer 
nozzles 146 are directed to the ouler shoulder of the drill bi t 
where a higher proportion of hydraulic energy is required to 
clean the increased cutter count in this region provided by 
the back-up Cullers 130. Fluid flow from the inner nozzles 
138 creates a pressure difference such ihat fluid from tbe 
outer nozzles 146 also flows inwardly towards the inner 
nozzles 138, across the inner cutners 011 the shorter blades, 
before flowing outwardly again with the outward flow from 
the inner cutters 138. Flow from both the inner nozzles 138 
and outer nozzles 146 Hows to the annulus through the 
openings 140 aod passages 142 through the bit body. All of 
the nozzles 138 and 146 communicate wi th a central axial 
passage (not s hown) in the shank of the bit, to which drilling 
fluid is supplied under pressure downwardly through the 
drill string in known manner. 

Tbe provision of a continuous bearing surface 134 around 
!be whole of the gauge region of the drill bit substaotialJy 
enhances the stabi lity of the bit io operation. It reduces the 
bit's susceptibility to vibration, clue lo the absence of edges, 
culling elements or other protrusions in the gauge region 
which otherwise migbt act on the surrounding formation to 
cause vibraiioo and, under some circumstances, to initiate 
"bit whirl." 

Furthermore, the provision of a continuous bearing sur­
face around the whole periphery of the drill bit allows the 
axial length of tbc gauge section to be reduced while 
maintaining a suitable overall area of the bearing sur face. As 
may be seen from FIG. 8, tbc gauge length o( the drill biL is 
considerably less thao is normally the case with a conven-
tional PDC drill bit. For instance, a conventiooaJ 12.25 inch 
drill bit will oorroalJy have a gauge of 3 to 4 inches in axial 
length aod will oormalJy have an overall length of 12 to 16 
inches. lo contrast, a 12 inch drill bit of the kind s hown in 
FIGS. 6-8 may have a gauge of ooly 2 inches in axial length 
and an overall bit leogtb of only 9 inches, thereby not only 
reducing the axial length of the gauge section but also 
reducing the distance from t be motor 10 tbe bit, in a steerable 
motor-driven system, and thereby improving the directional 
response of the drill bit when steering is taking place. 

Although the passage 98 is described as being a cylindri-
cal passage parallel to the longi tudinal axis of the drill bit, 
other arrangements are possible. For example, the passage 
may vary io cross-sectional sbapc and/or diameter along its 
length. Two or more openings may be provided io tbe 
channel, the openings leading 10 separate passages through 
tbc bit body, or two or more openings may lead into a single 
passage. 

In the arrangement shown in FJGS. 6-8, where the bit is 
provided wi th eight blades, there is provided a single open­
ing 140 in each channel 124. However, when drilling some 
types of formation, particularly softer formations, it may be 
preferred to use a lighter set drill bit having fewer blades and 

Jbe channels 124 between the blades ll2 do not lead to 
conventional junk slots wbicb cxteL1d upwardly through tbc 
gauge region 128. RaLber, the channels 124 continue right up 

60 cu.tiers, since this may reduce the problem of bit bal ling. 

to the continuous bearing surface 134 of the gauge region 
128. A shaped opening 140 is formed io each channel 124 
adjaceDI tbe gauge region 128. The opening 140 leads 10 an 65 

enclosed passage 142 which extends through the bit body 
120 to an outlet 144, as illustrated in FIG. 8. The passage 

FIG. 9 shows such a lighter set drill bit, according to the 
invention, where only four blades 148 are provided, sepa­
rated by channels 150 which are almost 90° in angular 
extent. 

lo such a construction, the provision of a single large 
opening and passage in the bii body, in order 10 deliver 
drilling fluid from each channel 150 past the continuous 
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gauge section 152 to 1be annulus, may result in substantial 
structural weakening of the drill bit and, in particular, the 
gauge section. According 10 the arrangemenl shown in FIG. 
9, therefore, each channel is formed with two openings 154 
and 156 which communicate wi1b separate passages leading 
through 1be bit body 10 tbe annulus. The larger of 1be two 
openings 154 is disposed adjacent tbe gauge sec1ion 152 and 
on the leading side of a respective blade 148, and the smaller 
opening 156 is disposed adjacem the trailing side of the 
preceding blade. ln this case 1be inner nozzles 158 direct 
dri lling Hwd ouiwardly along the leading edges of tbe blades 
148 respec1ively. The portion 160 of tbe bit body between 
each pair of openings 154, 156 may thus be regarded as a 
suppon strut which provides radial s lreogtb 10 the gauge 
section 152 between tbe widely angularly spaced blades 
148. 

Another embodiment of a drill bit is illustrated in FIG. 10. 
This drill bit includes a bit body 162. Eigbt blades 164 are 
formed on !he leading face of the bil. These blades 164 
extend generally outwardly from the central axis of the bit 
body 162 1owards a gauge region 165 and, thus, define 
channels 166 Lherebetween. A plurality of culling structmes 
168, which may be s imilar to the cutting structures described 
in reference to previous embodiments, extend s ide-by-side 
along each of the blades 164. 

The gauge region 165 of the bit body 162 includes a 
conlinuous bearing surface that extends continuously around 
the whole of the gauge region 165. Io similar fashion to the 
previously described embodiments, inner nozzles (not 
shown) may be mounted in the surface of the bit body, close 
to the ceolral axis o r rotatioo for instance, to deliver drilling 
fluid along the channels 166. An opening (not shown), 
similar to the previously described openings, may be forme.d 
in each channel 166 adjacent the gauge region 165. Each 
opening leads to an internal passage that extends through the 
bit body 162 to an outlet 172. The outlet 172 advantageously 
communicates with the annulus between the drill string and 
the surrounding formation of the borehole when the drill bit 
is in use. 

Toe drill bit of FIG. 10 may also include a portion 174 of 
tbe bit body L62 that is rel ieved. As illustrated, the relieved 
portion 174 includes four breaker slots 176 that are equally 
spaced about the circum ference of the relieved portion 174. 
Each breaker slot 176 may be thought of as a flat-bottomed 
recess cut into the cytindrical outer surface of ihe portion 
174. Toe breaker slots 176 facilitate tool engagement with 
tbe driU bit during allachment or detachment of the tapered 
threaded pin 178 into an internally threaded collar (not 
shown) at the lower end of a drill string . Furthermore, the 
breaker slots 176 are advantageously in register with one or 
more outlets 172 to facili tate the flow of drilling Huid as it 
emerges from the outlets 172 after passing through the 
internal pas.sages of the drill bit. Specifically, this registra­
tion permits the size of the outlets 172 to be maximized to 
provide a greater flow potential. 

Also, in tbe embodiment of FIG. 10, it should be 001iced 
that gauge cu11ers 180 are disposed al the peripheral bearing 
surface 170 of the gauge region 165. The gauge cullers 180 
may be mounted in reces.ses 182 io the bearing surface 170 
so tbal the cutting edges of tbe gauge cullers 180 project 
only a short distance from the bearing surface 170. lo the 
illustrated embodiment, two gauge cutlers 180 are provided 

10 
Since the bearing surface 170 of the gauge region 165 

extends continuously about the whole periphery of tbe drill 
bit, ii is possible 1ha1 occasional difticuhy may be experi­
enced when withdrawing the drill bit from the boreho le. 

5 Accordingly, to facilitate withdrawal of the dril l bit, a 
chamfer, such as a frusto-conical peripheral chamfer 184, 
may be formed in the upper edge of the gauge region 165. 
In aclclitioo, back-reaming cutlers 186 may be mounted in a 
peripherally spaced apart relalionship on the upper edge of 

10 tbe gauge region 165. Under particularly difficult conditions, 
the back-reaming cutlers 186 may facilitate removal of the 
drill bit from the borehole by reaming out the walls of the 
borehole as tbe rotating drill bit is withdrawn. In this case, 
the combination of the back-reaming cutters 186 with the 

15 
chamfer 184 may increase the exposure of the cullers 186 
and, thus, increase their efficiency. 

To this point, drill bits have been disclosed as having a 
passage disposed in onl y one c hannel where tbe gauge 
region includes a bearing surface extending across the outer 

20 end of that one channel, or as having a passage disposed in 
each channel where a bearing surface extends continuously 
around tbe en lire periphery of tbe bi 1. However, many other 
arrangements may be possible. As one example, FIGS. ll 
and 12 illustrate a drill bil having a passage disposed in a 

25 first plurality of channels which terminate with a bearing 
member in the gauge region, and where a second plurality of 
channels lead to a conventiona l junk slot. Specifically, 
channels leading to an internal pas.sage and bearing member 
are alternated with channels leading to a conventional junk 

30 slot. 
As illustrated in FIGS. 11 and 12, tbe drill bit includes a 

bit body 188. Eight blades 189 are formed on the leading 
face of the bil and extend generally outwardly from the axis 
of the bit towards the gauge region 191. The blades 189 

35 include four longer blades 190 alternating with four shorter 
blades 192. A plurality of culling s tructures 194 extend 
side-by-side along each of the blades 189. Back-up cutters 
196 may be provided rearwardly of tbe primary cutting 
s1ructures 194 on the sboner blades 192, wbereas abrasion 

40 elements 198 may be disposed rearwarclly of tbe primary 
cutting s1ruc1ures 194 on the longer blades 190. 

A channel 200 is defined between tbe leading edge of eacb 
longer blade 190 and the trailing edge of the preceding 
shorter blade 192. Each channel 200 leads outwardly to a 

45 junk slot 202 which extends upwarclly through the gauge 
region 191 to the annulus between the drill string and the 
borehole. Similarly, a channel 204 is defined between the 
leading edge of each shorter blade 192 and the trailing edge 
of the preceding longer blade 190 . In this case, however, an 

50 opening 206 is formed in each channel 204 adjacent tbe 
gauge region 191. Each opening 206 leads Lo a pas.sage 208 
that passes imernaUy through tbe bit body 188 to an outlet 
which passes fluid into the annulus between the drill string 
and the surrounding borehole. A bearing member 209 is 

55 formed outwardly o r each openiog 206 between the outer 
ends of the respec1ive adjacent blades 190 and 192. Each 
bearing member 209 includes a s ubstantia lly continuous 
peripheral bearing surface 210 at the gauge region 191. The 
bearing surfaces 210 may also incorporate any of tbe fea-

60 tures previously described with reference to the bearing 
surfaces of FIGS. 1- 10. 

on each portion of the bearing surface 170 which lies at the 
outer encl of a blade 164 on the leading face of the driU bit. 
Instead of, or in addition to, the gauge cutters 180, gauge 
protection inserts (not shown), similar to 1be inserts 136 65 

discussed previously, may be d isposed in the bearing surface 
170. 

Inner nozzles 212 are mounted in the surface of the bit 
body 188 and are located fairly close to the central axis of 
the bit. Toe inner nozzles 212 a re positioned to provide 
efficient cleaning in the central region of the bit. The inner 
nozzles 212 may also be directed to deliver drilling iluid 
ou.twardly along each cbaooel 200 along the leading side of 
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one of the four longer blades 190 to clean and cool the 
cutting elements 194 mounted on that blade. 

An outer nozzle 214 is mounted io a socket in the wall o( 
each iotcrnal passage 208 aod is directed to cool aod clcao 
the outer cutters 194 on the adjacent shorter blade 192. Fluid 5 

from each outer oozzle 214 fiows both upwardly through the 
ioternal passage 206 aod also ioward ly towards the adjacent 
inner nozzle 212 to cool and clean the inner cutters on the 
shorter blades 192. This inwardly directed fluid then 
becomes entrained with the fluid flowing outwardly from the 10 

adjacen1 inner nozzle 212 so tha t it liows outwardly through 
the rearwardly adjacent channel 200 leading to a junk slot 
202. The flow of drilling liuid Ls illustrated by arrows in FTG. 
u . 

12 
across each of said channels, tbereby to inhibit flow of 
drilling flujcl from each channel across the gauge region of 
the drill bit. 

4. A drill bit according to claim 1, wherein the leading 
face of the bit body is formed witb a plurality of blades 
ex1eodiog outwardly away from the axis of the bit towards 
the gauge region, said fluid channels being defined between 
said blades. 

5. A drill bit according to c laim 1 wherein there is 
provided in said enclosed passage a no7.zle for supplying 
drilling fluid, said nozzle bci.og al least partly directed 
towards said opening so as to de liver dri ll ing fluid through 
said opening and into and inwardly along said one channel. 

6. A drill bit according to claim l , wherein tbcrc is 

The provision of four continuous stretches of peripheral 
bearing surfaces 210 in this embodiment increases the 
bearing surface area aod, tbus, provides some or all of tbe 
advantages mentioned previously. A t the same time, tbe 
provision of the internal passages alterna ting witb junk slots, 
combined with the fluid How described above, may enhance 
tbe clearing of cuttings from the face of the bit aod may 
reduce the risk of balling up cultings in !be iotemal pas.sages 
206. 

1s provided in said passage a nozzle for supplying drilling 
fluid, said nozzle being at least partly directed towards said 
outlet from tbe passage, so as to deliver drilling fluid through 
said outlet to the annulus. 

7. A drill bit accord ing to claim 1, wherein there is 
20 provided in said passage a nozzle for supplying drilling 

fluid, said nozzle being mounted in a socket in a wall of said 
passage, the axis of Lhe socket and of the nozzle being 
inclined with respect 10 the axis of the passage. 

lo the arrangement shown in FIGS. 11 and 12, tbe junk 
slots 202 extend substantially parallel to the longitudi nal 25 

axis of the bit body 188. However, in an alternate 
arrangement, the junk slots may extend helically with 
respect to the longitudinal axis so that the upper extremi ty of 
the bearing surface 210 oo one side of the junk slot 202 
approaches or overlaps the circumferential posi tion of the 30 

lower extremity of the bearing surfac-e 210 on the other side 
of the junk slot. Such arrangemeot may then provide that 
there is a portion of the bearing surface 210 around sub­
stantially the whole 360 degree periphery of the gauge 
region 191. 3S 

While the invention may be susceptible to various modi­
fications and alternative forms, specific embodiments have 
been shown by way of example in Lhe drawings and bave 
been described in detail herein. However, ii should be 40 
understood that the invent.ion is no t intended to be limited 10 
tbe particular forms disclosed. Rather, the invention is 10 

cover all modificalioas, equivalents and alternatives falling 
within the spirit and scope of tbc invention as defined by tbe 
following appended claims. 4S 

WbaL is claimed is: 
1. A rotary drill bit for connection to a drill s tring and for 

drilling boreboles in subsurface formations comprising: 
a bit body having a leading face and a gauge region; 
a plurality of cull ing clements disposed io the leading focc 50 

of ihe bit body; 
a plurality of fluid channels formed in the leading face of 

the bit body; and 
a plurality of oozzlcs mounted in the bit body for sup­

plying drilling fluid to the channels for cleaning and 55 

cooling the culling elements, wherein there is provided 
in a t leasl one of said channels an opening into an 
coclosecl passage which pas.ses internally through the 
bit body to an outlet wbich, io use, communicates wi th 
Lbe annulus between the drill string and the wall of lbc 60 

borehole beiog drilled, the gauge region of the drill bit 
comprising a bearing surface which extends around 
substantially tbe whole of the gauge region. 

2. A drill bit accord ing to claim 1, wherein said gauge 
region bearing surface is substantially continuous. 

3. A drill bi t according to claim 2, wherein the substan­
tially cootiouous bearing surface of the gauge regioo extends 

65 

8. A drill bit according to claim 1, wherein each of said 
channels is provided with an opening into an enclosed 
passage which passes internally through the bit body to an 
outlet which, in use, commun icates with the annuJus 
between the drill s tring and the wall of the borehole being 
dri lled. 

9. A drill bit according to claim 8, wherein each enclosed 
passage passing internally through tbc bit body extends 
generally parallel to the longitudioal central axis of the drill 
bit. 

10. A drill bit according LO claim 1, further comprising: 
a plurality of reaming cullers disposed on said gauge 

region and spaced apart from sa.id leading face. 
11 . A drill bit according LO claim 1, further comprising: 

a peripheral chamfered edge formed in said gauge region 
and being spaced apart from said leading face. 

12. A drill bit according 10 claim 11, fu.rther comprising: 
a plurality of reaming cuucrs disposed on said chamfered 

edge. 
13. A drill bit according to claim 1, fu rther comprising: 
a plurality of forma tioo-cogagiog clements disposed on 

said bearing surface, a portion of said bearing surface 
disposed radial ly outwardly from said opening being 
free from said formation-engaging elements. 

14. Ad.rill bit according to cla.im 1, wherein said bi t body 
comprises a shank having al least one relieved portion, said 
relieved portion being positioned adjacen t said outlci. 

15. A rotary drill bi t for connect ion to a drill s iring and for 
drilling boreholes in subsurface forma tions comprising: 

a bit body having a leading face and a gauge region; 
a plurality o( blades formed on the leading face of the bit 

and extending outwardly away from the axis of the bit 
towards the gauge region so as to define between the 
blades a plurality of fluid channels leading towards tbe 
gauge region; 

a plurality of cutting elements mounted along each blade, 
aod 

a plurality of oozzles mounted in the bit body for sup-
plying drilling fluid to the channels for cleaning and 
cooling the culling elements, wherein tbere is provided 
in al least one of said channels an opening into an 
enclosed passage which pas.ses internaUy through tbe 
bit body to ao outlet which, in use, communicates with 
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the annulus between the drill s tring and the wall of the 
borehole being drilled, the gauge region of the drill bit 
comprising: 

14 
30. The drill bit, as set fo rth in claim 23, wherein said 

shank comprises four relieved portions, resulting in said 
shank having a substantially rectangular portion. 

a substantially continuous bearing surCace which 
extends around substantially the whole of the gauge 
region. 

31.. The drill bit, as set fo rth in claim 30, wherein said bit 
5 body comprises a substantially rec1aog11lar portion with said 

substaotially rectangular cross-section of said shank. 
16. A drill bit according to claim 15, wherein each culling 

element comprises a superhard table of polycrystalline dia­
mond bonded 10 a substrate. 

17. A drill bit according to claim 15, wherein each of said 
channels is provided with an opening into an enclosed 
passage which passes internally through the bi i body to an 
outlet which, io use, communicates w ith the aooulus 
between the drill s tring aod the wall of the borehole beiog 
drilled. 

32. The drill bit, as sel fonh in claim 31, wherein said drill 
bit comprises a plurality of openings disposed in said 
leading face, each of said plurality of openings leading lo a 

10 
respective passage passing internally through said bit body 
between said respective opening and an outle t. 

18. A drill bit accord ing to claim 15, further comprising: 
a plurality of reaming cutlers disposed on said gauge 

region aod spaced apart from said leading face. 

33. The dri.U bit, as set fo rth io claim 32, wherein at least 
ooe of said plurality of opeoiogs aod respective passages is 
disposed io said leading face adjacent a respective relieved 

15 
portion of said shank. 

34. The drill bit, as set forth in claim 23, wherein said drill 
bit further comprises a plurality of cutlers disposed oo said 
bearing surface. 

19. A drill bit according lo claim 15, fmther comprising: 
a peripheral chamfered edge formed io said gauge region 

and being spaced apart from said leading face. 
20. A drill bit according to claim 19, further comprising: 
a plurality of reaming cullers disposed on said chamfered 

edge. 

35. The drill bit, as sei forth in claim 23, wherein said drill 

20 
bit furt her comprises a plurality of abras ion resistant ele­
ments disposed iotermitteotly on said bearing surface. 

21. A drill bit according to claim 15, further comprising: 
a plurality of formation-engaging elements disposed on 25 

said bearing surface, a portion of said bearing surface 
disposed radia lly outwardly from said opening being 
free from said formation-cogagiog elements . 

22. A drill bi t according 10 claim 15, wherein said bi t body 
comprL5es a s haok haviog at least ooe relieved portion, said JO 
relieved portion being positioned adjacent said outlet. 

23. A rotary drill bi t for drilling a borehole, said drill bi t 
comprising: 

a bit body having a leading face aod a peripheral gauge 
region; 

a shank coupled 10 said bit body, said shank having at least 
one relieved portion; 

3S 

an opening disposed in said leading face, said opening 
leading to a passage passing internally th.rough said bi t 40 
body between said opening and an outlet; and 

a bearing surface disposed at a portion of said gauge 
region radially outwardly from said opening. 

24. The drill bit, as set forth io claim 23, further com­
prising: 

a plurality of blades disposed on said leadiog face, said 
plurality of blades extending outwardly toward said 
gauge region and form ing a plurality of lluid channels 
therebetween; 

4S 

a plurality of culling elements disposed on each of said 50 
plural ity o[ blades; and 

at least ooe nozzle disposed in said bit body for supplying 
fluid to each of said fluid channels. 

25. The drill bit, as se t forth in claim 24, wherein said 
opening receives iluid supplied by said at least one nozzle. ss 

26. The drill bit, as se t forth in claim 24, wherein said 
opening is disposed in one of said plurality of l:luid channels 
to receive fluid supplied by said at least one oozzle. 

27. The drill bit, as set forth in claim 23, wherein said 
bearing surface inhibits fluid flow across said portion of said 60 

gauge region. 
28. The drill bit, as se t forth io claim 23, wherein said 

bearing surface bears against a wall of said borehole wheo 
in use. 

29. The drill bit, as set forth in claim 23, whereio said 65 

bearing surface is substan tially continuous along said gauge 
region. 

36. The drill bit, as set forth in claim 35, wherein said 
plurality of abrasion resistant clemeots comprise tuogsteo 
carbide elements . 

37 . The drill bit, as set forth in claim 23, further com­
prising: 

i) a plurality of reaming cullers disposed oo said gauge 
region and spaced apart from said leading face. 

38. The drill bit, as set forth in claim 23, further com­
prising: 

a peripheral chamfered edge formed io said gauge region 
aod being spaced apart from said leading face. 

39. The drill bit, as set forth in claim 38, further com­
prising: 

a plurality of reaming cutters disposed on said chamfered 
edge. 

40. A rotary drill bit for drilling a borehole, said cl.rill bi t 
comprising: 

a bit body having a leading face and a peripheral gauge 
region; 

a plurality of blades disposed on said leadi.og face, said 
plurality of blades exteodiog outwardly toward said 
gauge regioo aod forming a plurality of fluid channels 
therebetweeo; 

a plurality of cuuing elements disposed on each of said 
plurality of blades; 

a plura lity of nozzles disposed i.n said bit body for 
supplying fluid to each of said fluid channels; 

a substaatially continuous bea.ring member disposed in 
axially spaced apart relation 10 said bi t body; aod 

a plurality of flujd passageways for receiving said fluid, 
each of said plurality of J:l·uicl passageways passing 
through an interior portion of said bearing member. 

41. A rotary cl.rill bit comprising: 
a bit body having a leading face and a peripheral gauge 

region; 
an opening disposed in said leading face, said opening 

leading to a passage passing internally Lb.rough said bi t 
body between said opening and ao outlet; 

a bearing surface disposed at a portion of said gauge 
region outwardly from said opening; aod 

a plurality of reaming cutlers disposed on said gauge 
region and spaced apart from said leading face. 

42. A rotary drill bit comprising: 
a bit body having a leading face and a peripheral gauge 

region; 
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an opening disposed in said leading face, said opening 
leading to a passage passing internally through said bit 
body between said opening and an outlet; 

a bearing surface disposed at a portion of said gauge 
regioo outwardly from said opening; and 

a peripheral chamfered edge formed in said gauge region 
and being spaced apart from said leading face. 

43. A rotary drill bit comprising: 

5 

a bit body having a leading face and a peripheral gauge 
10 

region; 

a plurality of blades disposed on said leading face, said 
plura lity of blades extending outwardly toward said 
gauge region and forming a plurality of fluid channels 
therebetweea; 

an opening disposed in at least one of said plurality of 
fluid channels, said opening leading to a passage pass­
ing internally through said bit body between said 
opening and an outlet, said al least one of said plurality 

1S 

of fluid channels terminating in a bearing member 20 
disposed at a portion of said gauge region outwardly 
from said opening; and 

a junk slot terminating at least another of said plurality of 
fluid channels. 

44. A rotary drill bit comprising: 

a bit body having a leading face and a peripheral gauge 
region; 

a plurality of culling elements disposed on said leading 
face; 

a first plurality of fluid channels formed in said leading 
face; 

a second plurality of flujd channels formed in said leading 
face; 

25 

30 

a respective opening disposed in each of said first plural- 3S 

ity of fluid channels, each of said respective openings 
leading to a respective passage passing internally 
through said bit body; 

a respective bearing member disposed al a portion of said 
gauge region outwardly from each of said respective 40 

openings; and 

a respective junk slot terminating each of said second 
plurality of fluid channels. 

16 
a respective bearing member disposed at a portion of said 

gauge region outwardly from each of said respective 
openings; and 

a respective junk slot terminating each fluid channel 
bavi11g 110 said opening. 

46. A method of steering a drill bit witbio a borebolc, said 
method comprising the steps of: 

(a) rotating a driJJ bit within said borehole, said drill bit 
having a peripheral gauge region and having a substan­
tially continuous bearing surface disposed about said 
peripheral gauge region; and 

(b) applying force to said substantially continuous bearing 
surface to cause said drill bit Lo change direction of 
drilling said borehole. 

47. A rotary drill bit for connection to a drill string and for 
drilling boreholes in subsurface formations comprising: 

a bit body having a leading face aod a gauge region; 
a plurality of cutling elements disposed in the leading face 

of the bil body; 
a plurality of tluid channels formed in the leading face of 

the bit body; aod 
a plurality of oozzles mounted in the body for supplying 

a drilling fluid to the plurality of fluid channels for 
cleaning and cooling the cutting elements; 

wherein at least one channel of the plurality of flujd 
channels is provided with an opening into an enclosed 
passage which passes iatcrna lly through the bit body to 
an outlet which, in use, communic<1tes wi tb the annulus 
between tbe drill string and the wall of the borehole 
being drilled, the gauge region of the drill bit compris­
ing a bearing surface which extends around substan­
tially the whole of lhe gauge region; 

at least one nozzle of the plurality of nozzles is so located 
on the bit body as to deliver to said one channel, a 
supply of drilling fluid which flows outwardly along 
said one channel towards the gauge region. 

48. A drill bit according to claim 47, wherein said one 
nozzle is located in said one chaaael. 

49. A drill bit according to claim 48, wherein said one 
channel has an inner end and an outer cad and wherein said 
one nozzle is located adjacent the inner cod of said one 
channel. 

SO. A drill bit according to claim 47, wherein said one 
45. A rotary drill bit comprising: 

a bit body having a leading face and a peripheral gauge 
region; 

a plurality of cull ing elements disposed on said leading 
face; 

45 channel is in commuoicatioa with another channel defined 
between blades on the bit body, and wherein a further nozzle 
for supplying drilling fluid is so nocaled oa tbe bit body as 
to deliver to said other channel a supply of drilling fluid 
which flows first inwardly and along said other channel and 

a plurality of fluid channels fom1ed in said leading face; 

a plurality of nozzles disposed in said bit body for 
supplying fluid lo said plurality o( channels; 

a respective opening di,;posed in each circumferentially 
alternate flujd channel, eacb of said respective openings 
leading to a respective passage passing internally 
through said bil body; 

50 
then outwardly along said one channel towards said open­
ing. 

Sl. A drill bi t according to claim SO, wherein said one 
channel bas an inner cod and an outer end and wherein said 
tlurther nozzle is located adjacent the outer end of said other 

55 
cha.noel. 

* * * * * 


