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ABSTRACT: A rotary bit for drilling earth formations of the
type having an elongated cylindrical body and an enlarged
head having wear-resistant abrasive particles embedded

_ therein to form acutting surface. An improved cutting surface

comprises a concave face, a convex annular tapered crown
faired into the face at its inner limit and a cvlindrical skirt ex-
tending a substantial axial distance from the outer limit of the
crown. Wear-resistant abrasive particles are embedded in sub

stantially parallel rows upon the surfaces of an odd number of
cutting lands substantially equally spaced about the skirt and
crown and terminating assymmetrically in the face region.
Drilling fluid is conveyed by an inner passageway through the
body of the bit to a Y-shaped outlet on the face and thence
uniformly to the cutting surfaces through primary waterways
between the lands and secondary waterways between the rows
of wear-resistant particles.




-

PATENTED AUG 1 7 87
SHEET 1

3,599,736

0F 2

Nt e O
& O i [ [y
. N g( 0,9': 30§ N
ON7 3 NN >/
2\ O < /
m < ooo 08 OOO 5)000
T 0 N 03 o el Q] /S OQQU
II [N A\° v \c\C o oS QQ’J Q OQU O
ONCAON @ N DA QQ s ~N
' o\ O \NVIEN R
)
r' an nuo O\o o Q,
9% o\e o QA 2
NG c\° < &) >
IONI o o S 02205259
G5 e o 0 23260255
0 (=] Q A
090 5o ¢ N S
00 2059052\ S 20264
n0og 059 ) 2220 4 >
200 05295 S 40245 000>
00 p~-200 90590 |2 00000 Q 70209
© QA0 c9 )
N Q Q 00')(\0 N
' S v
50000 e
aoooooJo 000C000000 U o m
s oCvV - 00)
5001700 o g o N 00000000 0005 0
o o
5 Slolo ] 2090 333553
— o N
00 o o .
502 0()00 0030Q ololalfl o Q0 0/0 % 9\\
o HEH 127 T XONCS
3 o N
ol olol8 2 OOO') 0000‘)\)
K olol S [[lANE, 20552
240 e
ol o A% QO >
&) 2isllo v 0
AR 2 o ) < O
) ojo 9 ) ‘-’0
S ofo| 2 [il K& 2 NN
» ) o vV XU
C)O ] v
of S1° ° N~ Y
v o\
Sf o NS A\
Ojo ST e \e A
S ooooo ;SO o%oo AR ®
X 3 \_)hc (S z oo o o\
S SELABIE B
™ S EU% < .
N)Lm— 0 * -
™~ 1, ”
\ 47 "/_‘ e
55" e .
NI 55 e © rl
\ 4 aJn 2 .
U < fy {0 ' (2) S0 D 5 05 55
ol b\ K° % S S XA RN cry
o\ ¢ \°\Q 0/0, 502522 %0002 S Go
ARG AT Lo\ \o oooo‘o’ooo
oA AN AR off 2°°
u:\“ & \-§ Q “Q ’»:L 4 = o°°°°°u°u°k'““"~'~- = ©
SENSY LY b =55 S YT X-C oy N
AN N Q) 4 502 ETO AT N Wyvorves
0 SOOI N (25502 =250 )
) I NIHE WO « =5
eSO S lR A oS N
PProB R OO0 DU LS / 500 00 00PD 22239 I IO
S22 2 g 2y N &6 600000000 P05 0T IT T )
3 0 0 R = /\ Jcoooooooooooo QOQ Q@ Y VT UL
[¢)
XX 560
oCCOc 0600000 ; —
7 = ay SS5553 -
7c [ Y SSS555 ©O0O00CoTTCIITS
z &#5 0 0, o5 OO0t Gy t v v =~ v v~ ]
(374 v N Stooa—
CCOOO 2 Sfo/b A WCI oo weoo - I}
A YAIIANNSS
(YA ) -
070 < J “ 3 G e \n
7S E 4 o SR e Lu T Ny
R < ..
< [ ] VR\Q St t oy ovcC et 2
9% 1%y ke J 2= Coecovee - o
LT fo e\ RS SSrcovayvous INVENTOR.
9, N d
PP EEY N\ SRS S — = C.7" THomMPSON
V! N ¢ S o
‘00 X S o = =
N O
N =3 o

s b

BY _
Z ’ 2
AITTORNEYS



PATENTED AUGY 717, 3,599,736
SHEET 2 OF 2

21

INVENTOR.

/// / C.7" THOMPSON
‘ 127\
f-m———-xg—-‘o /

D

A TTroRN.




3,599,736

1

ROTARY DRILL BIT
. BACKGROUND OF THE INVENTION

This invention relates to rotary bits for drilling earth forma-
tions and, more particularly, to rotary drill bits having abrasive
- particles imbedded in the cutting face to permit faster drlllmg
and to prolong the life of the bit.

A problem affecting successful operation of bits of this type,
particularly diamond drill bits, is proper lubrication, both for
keeping the drill bit cool and for flushing away cuttings to
prevent clogging. At the drill pressures and rotational speeds
encountered in drilling deep bore holes, such as for oil and gas
wells, local overheating can easily occur if drilling fluid is not
continuously fed to all parts of the cutting surface.

The ordinary diamond bit is very sensitive to clogging or -
balling” by an accumulation of fine cuttings and mud solids in
the .spaces between  exposed diamonds and between the
diamond-bearing matrix and the surface of the bore hole.

Balling leads to overheating of bit parts, low drilling rates
and premature wear. Even if there is not sufficient solids accu-
mulation to cause balling, nonuniform flushing action by the
drilling fluid may have other adverse effects. Friction between
the formation and solids trapped between the diamonds leads
to the generation of heat which must be dissipated to avoid ex-
cessive temperatures and resultant damage to the diamonds
and their surrounding matrix.

Diamonds may also be lost when a clogged and overheated
portion of the bit is subjected to sudden cooling and thermal
shock when the drilling fluid is able to flush away the clogging
material. Efforts to avoid these and similar difficulties by vary-
ing the size and location of the discharge ports and drilling
fluid grooves on diamond drilling “bits have not in the past
been completely successful.

Another problem encountered with bits of this type is the
tendency to drill polygonal rather than round holes. This
problem has often been aggravated by the steps taken to pro-
vide adequate ﬂow of drilling fluid to and about the cutting
surfaces,

For example, a large passageway flow area is needed to
carry the drilling fluid and entrained cuttings upward between
the head of the bit and the walls of the bore hole without caus-
ing a piston or swabbing action by the drill bit. To provide this
flow area, these bits generally have three or four large deep
grooves or slab sides covering substantial angular segments of
the sides of the bit. The three or four major cutting surfaces
separated by these grooves form, in effect, a lobed cutting
tool. . .

As is well known, lobed cutting tools tend to cut polygonal
holes having one more side than the number of lobes of the
tool. Thus, three-lobed tools tend to drill square holes; four-
lobed tools tend to drill pentagonal holes; and so on.

Still another problem is lack of directional stability and con-
trol. It is very important in drilling deep wells that the drill
proceed in the desired direction, either straight or offset as the
case may be, without deviating or wandering.

Conventional drills usually have wedge-shaped lands form-
ing the cutting face which extend substantially radially out-
ward from the axis of the drill body. Such lands create cutting
surfaces extending across a full diameter of the drill bit. If such
a “true diameter” cutting surface encounters a ridge of harder
material in the formation being drilled, forces are set up which
tend to deflect the drill from the desired direction.

Accordingly, it is an object of the present invention to pro-
vide an improved diamond drill bit which will permit better
cooling and lubrication of the diamonds than have generally
been obtained with bits available in the past.

Another object is to provide a drill bit which will bore sub-
stantially round holes of exact size.

Another object is to provide a diamond drill bit having
strong self-piloting action for good directional hole control.

Still another object of the invention is to provide a drill bit
with asymmetrical cutting blades so that ridges of harder
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material encountered in drilling will not set up extensive reac-
tion forces tending to deflect the drill from the desired
direction.

Yet another object of the invention is to provide a diamond
drill bit having a high concentration of diamonds for cutting
the outer portion of the bore hole.

Another object is to provide a diamond drill bit which
makes optimum use of cheaper grade diamonds without
sacrificing bit life.

Another object is to provide a diamond drill bit which
minimizes wear of the drill head skirt to maintain a constant
bore hole gauge size.

These and other objects of the invention will become ap-
parent from the following summary and detailed description
of the invention and its preferred embodiment.

SUMMARY OF THE INVENTION

In accordance with the present invention, the drill bit has
the conventional cylindrical body with a threaded shank por-
tion on one end for mating with and coupling to the usual
string of drilling pipe. The shank can be either internally or ex-
ternally threaded, depending upon the corresponding
threaded portion of the drilling string.

The other end of the body of the bit is an enlarged cutting
head in which abrasive elements such as diamonds, are em-
bedded to form a cutting surface. A central passageway having
an inlet at the shank end and discharge outlet near the center
of the cutting surface conveys drilling fluid downward and
outward over the face and sides of the cutting head to flush
away cuttings and entrained solids.

The surface of the cutting head comprises three portions or
zones; a central concave portion is denominated the face; sur-
rounding the face is an annular convex crown which tapers in
a ridged surface to join a cylindrical fluted skirt concentric
with the body.

The discharge outlet is adjacent to but slightly offset from
the axis of the cylindrical body member. A multiplicity of
cutting lands extend asymmetrically across the face of the bit
adjacent the discharge outlet outward to the crown of the
cutting head and then extend in generally parallel relation
from the crown to the end of the skirt.

Adjacent cutting lands define drilling fluid passageways
sized to provide, as nearly as possible, uniform fluid flow to all
parts of the cutting surface.

An important feature of the invention is the tapered crown.
This crown extends from a circle concentric with the axis of
the drill body and marking the outer limit of the concave face
section to the cylindrical skirt section in a path of varying cur-
vature substantially in the form of a portion of a conical sec-

“tion, such as a parabola, hyperbola or ellipse, but not includ-

ing a circle. The greatest curvature of the crown occurs at its
circular junction with the face section; the least curvature is
where it fairs into the cylindrical skirt section. The axial length
of the crown is-approximately equal to the axial length of the
skirt.

It has been found that a tapered crown section of this shape
greatly improves directional control of the drill bit and, when
combined with a cylindrical skirt of substantial length,
eliminates the need for a pilot collar at the shank end of the
bit.

Another important feature of the invention is that the con-
cave cutting face defines a cone having its apex substantially
at the axis of the drill body and with an apex angle of approxi-
mately 80°. It has been found that an included angle of sub-
stantially less than 80° will generate a central conical core
which tends to break up into relatively large chunks rather
than pulverize into finer cuttings which can be flushed through
the fluid passageways. On the other hand, an included angle
substantially greater than 80° will reduce the surface area of
the cutting face relative to its projected area; thus less surface
is available for mounting diamonds, and greater wear results.
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Still another important feature of the invention is that the
conical cutting face occupies approximately half of the pro-
jected area of the cutting surface, and the tapered crown oc-
cupies the other half of the projected area. Thus the junction
of the face portion and the crown occurs on 3 circle concen-
tric with the axis of the drill body and in the vicinity of approx-
imately 70 percent of the radial distance from the axis to the
gauge circumference. Since the forces exerted against the drill
bit during the drilling operation have a radial outward com-
ponent in the face region and a radial inward component in
the crown region, equalizing the projected areas of these two
regions appears to optimize the direction stability of the drill
bit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the drill bit of the invention;

FIG. 2 is a view of the crown and face portions of the drill
bit of the invention;

FIG. 3 is a vertical view taken along the line 3-3 in FIG. 2
and showing the internal fluid passages of the drill bit; and

FIG. 4 is a graphical presentation of the curve which cor-
responds to the profile of the crown and skirt portions of the
drill bit.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in FIG. 1, drill bit 10 of the invention comprises
face 11, crown 12, and skirt 13. The face, crown, and skirt
portions of the drill bit are mounted upon cylindrical body
portion 14 (FIG. 3) which extends from collar 15. As shown in
FIG. 1, the collar is provided with threaded coupling 16 for at-
tachment of the bit to the drill string.

The concave face of the bit extends outwardly from outlet
17 (FIG. 2) which is substantially in the form of the letter Y.
The face portion extends to crown 12 as shown in FIGS. 2 and
3. Extending across the face of the bit are a plurality of lands
18, each of which has its surface divided by two parallel ex-
tending grooves or secondary waterways 19. Between lands 18
extend grooves or primary waterways 20. Drilling or cooling
fluid such as drilling mud can be pumped through the drill
string into passage 21 (FIG. 3) having a substantially circular
cross section and then into passage 22 having a substantially
Y-shaped cross section and leading to outlet 17. As shown in
FIG. 2, the cooling fluid enters the majority of primary water-
ways 20 directly from outlet 17, but in certain regions of the
face of the drill bit, fluid passes first through an auxiliary
waterway 23 before entering one of the primary waterways 20.
It can also be seen in FIG. 2 that the cooling or cutting fluid
can enter the majority of the secondary waterways 19 either
directly from outlet 17 or by way of primary waterways 20.
The result is that the flow of cooling or cutting fluid is equally
distributed to all parts of the face, crown, and skirt of the drill
bit and, thereby, areas of excessive or insufficient flow are
eliminated.

It can be seen in FIG. 2 that lands 18 are substantially
equally spaced from one another along crown 12 and skirt 13.
It also can be seen that from the crown outwardly the lands
have approximately constant width and extend in a substan-
tially radial direction. The result is that the outside diameter of
the drill bit adjacent to the skirt is of a substantially circular
cross section having an odd number of equally spaced lands
separated by pnmary waterways 20.

The provision of an odd number of lands 18 insures that
lands at the opposite sides of the drill bit are not located along
a common diameter. Thus, no two lands extending across the
face and crown of the bit are disposed on a common diameter.
An advantage of this construction is that in the presence of a
formation extending across a diameter of the working face of
the bore hole, no two lands will simultaneously meet with such
a formation. This provision is one of the factors that enable
the drill bit to be self-stabilizing in straight hole drilling and to
be maintained in a predetermined direction in the drilling of a
deviated or offset hole.
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As shown in FIGS. 3 and 4, crown 12 is substantially in the
form of a body of revolution generated by a portion of a conic
section such as a parabola, a hyperbola, or an ellipse, but not
including a circle. Crown 12, as shown by the arrows in FIG. 3,
is substantially equal in axial extent to the length of skirt 13.
The crown terminates in a circle which is coaxial with and
spaced apart from the axis of the body. The portion of the
crown adjacent the circle is the extremity of the crown facing
away from the body of the drill.

As shown in FIG. 2, the preferred radius of this circle which
marks the extremity of the crown is approximately 70 percent
of the gauge radius of the drill bit. For example, if the radius of
the drill bit is 3% inches, the preferred radius of this circle is
approximately 2% inches. Consequently, the projected area of
the concave conical face section is approximately equal to the
projected area of the tapered crown section. This relation
between projected areas has been found to produce
directional stability with minimum wear rate.

Crown 12 serves to cut the adjacent face of the bore hole
along with face 11 of the bit and at the same time, due to the
tapered form of the crown, serves to pilot the drill bit along a
predetermined line as the drill bit advances in the bore hole.
Skirt 13, which is substantially elongated, engages a length of
the inner core of the bore hole and assists the crown in piloting
the drill to advance along a straight line. For this reason the
skirt is provided with a long length which is at least as long as
the surface length of the crown.

As shown in FIGS. 1, 3 and 4, face 11 of the drill bit is in the
form of an approximation of a cone extending inwardly from
crown 12 toward outlet 17 adjacent to the center of the face of
the bit. The included angle of the cone to which the face cor-
responds is selected to enable the face to cut the surface of the
bore hole in an optimum manner. A narrow included angle,
such as a 30° angle, could generate a central conical core in
the bore hole. Such a core tends to break free of the bore hole
during drilling into one or a few large chunks and interfere
with the drilling operation instead of being pulverized into
finer cuttings which can be flushed through the waterways 20.
On the other hand, an excessively large included cone angle
could reduce the surface area of the cutting face available for
mounting diamonds below a minimum desirable area, which
also would interfere with a proper cutting operation. The
proper cone angle, as shown in FIGS. 3 and 4, represents a
compromise between the undesirable formation of a core by
too narrow a cone angle and insufficient cutting area at the
face by an excessively flat cone angle. By way of example, the
included cone angle of face 11 may be in the range of angles
extending in the vicinity of approximately 80°.

As shown in FIGS. 2 and 3, lands 18 on face 11 are provided
with cutting diamonds 24 disposed in rows which are parallel
to the waterways. Cutting diamonds 25 are disposed in parallel
rows extending along lands 18 in crown 12 of the drill bit. By
way of example, West African cutting diamonds can be used
as cutting diamonds 24 and 25 in view of their superior wear
resistance and cutting capabilities. Diamonds 26 in skirt 13 of
the bit do not serve to cut, but instead prevent wear of the
lands iri rubbing contact with the inner core of the bore hole.
For this reason, diamonds 26 can be, by way of example,
Congo diamonds.

At the locations identified by reference numeral 27,
diamonds of superior hardness and strength can be used,
since, at these locations, the presence of outlet 17 prevents the
use of a sufficient number of diamonds 24. By way of example,
diamonds 27 can be Carbonado diamonds which are the
toughest form of industrial diamonds.

As shown in FIG. 2, cutting diamonds 24 and 25 are posi-
tioned along lands 18 in positions which enable each diamond,
upon rotation of the bit, to travel along a somewhat different
circle. In this way, the diamonds are presented to alt positions
of the surface at the face of the bore hole during the cutting
operation.

The diamonds 24, 25 and 26 are disposed in the lands and
retained therein as the result of a casting operation. As shown
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in FIG. 3, lands 18 and the waterways are formed in matrix 18
which is cast about hub 14 of the drill bit. Grooves 29 in the
outside diameter of hub 14 mechanically interlock the matrix
to the hub. The matrix bonds the diamonds in place along its
surface and, in addition, can bond a structure of cement
material adjacent to the surface of the matrix to prevent wear
of the matrix. By way of example, the matrix may be formed
from a nonferrous material which bonds particles of tungsten-
carbide adjacent to the surface as well as bonding diamonds

5

24—26. Here it should be noted that cutting diamonds 24, 25 10

and 27 are exposed at the surface of the matrix while
diamonds 26 are mounted flush with the surface of the skirt
13.

In FIG. 2, it can be seen that there are 21 lands 18 extending
across the crown and into the skirt of the bit. This construc-
tion has the advantage of distributing the cutting diamonds in
an odd number of areas, each separated by a primary water-
way. As a result, the waterways in the region of the crown and
the skirt provide a plurality of passages through which fluid
can pass when the drill bit descends into a bore hole contain-
ing fluid. Thus, any tendency of establishing a “piston-effect”
is eliminated. An additional advantage of this construction is
that the periphery of the cutting surface provided by the
crown of the drill bit is divided into an appreciable number of
equally spaced cutting areas. It is known that in operation, the
long drill string tends to *“‘walk” the drill bit within the bore
hole. It is also known that where a drilling tool has a given
number of cutting faces along its periphery, the tool upon “-
walking” tends to generate a hole having a polygonal form
comprising a number of sides greater by one than the number
of cutting surfaces on the tool. Thus, a-three-sided cutting
tool, upon “walking,” tends to generaté a four-sided hole. By
providing an appreciable number of lands bearing the cutting
diamonds in the region of the face and crown of the drill bit,
the bit tends to generate a circular hole regardless of the
presence of some tendency for the drill string to cause the
drilling bit to “walk” within the bore hole.

In conjunction with the large number of lands, the provision
of the long crown and the long skirt aid in stabilizing the bit
and insure that it cut$ along a predetermined line. Experience
has shown that.due to the form of the crown in the shape of a
portion of conic section, such as a parabolic, a hyperbolic or
elliptical section, and the long skirt, the-drill bit of the inven-
tion can be operated successfully without the need of compen-
sating devices such as a “‘near-bit stabilizer.”

Whatl claim is:

1. A rotary bit for drilling earth formatlons the bit being of
the type having an elongated body portion with a threaded
shank at one end thereof for coupling to a.drill string, an en-
larged drilling head on the other end of the body portion, the
drilling head having cutting particles imbedded in. its outer
surface for cutting the earth formations, and an interior
passageway extending through the body from an inlet at the
shank end to an outlet at the cutting surface of the drilling
head for supplying drilling liquid to cool the cutting particles
and flush away the cut formations, wherein the improvement
in the drilling head comprises:

a. a multiplicity of lands for supporting the cutting particles
adjacent the surface thereof, the multiplicity of lands
forming grooves therebetween and being spaced about
the body portion, the lands extending from a location in-
termediate the ends of the body portion to form succes-
sively,

1. an outer cylindrical fluted skirt section coaxial with and
of larger diameter than the body portion,

ii. an intermediate convex crown section which tapers
smoothly inwardly from the skirt section and away
from the one end of the body portion in the form of a
body of revolution generated by a curve which is a por-
tion of a substantially conic section, the crown section
terminating along a circle coaxial with and at a distance
from the axis of the body portion, the portion of the
crown section adjacent the termination thereof forming
the extreme free end portion of the drilling head, and
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iii. an inner concave face section concentric about the
axis of the body portion and fairing smoothly into the
crown section along the termination thereof;

each of said lands having substantially constant width

through the skirt and tapered crown sections, the grooves

between adjacent lands forming primary waterways
which extend substantially parallel in the skirt section and
gradually narrow in width in the tapered crown section,

the lands ‘terminating in tapered asymmetrical relation
within the concave face section and the grooves
therebetween extending the primary waterways to con-
nect each of the grooves of the skirt and tapered crown
sections to the outlet for drilling liquid.

2. A rotary bit in accordance with claim 1 in which the
cutting particles are disposed in substantially parallel rows ex-
tending along the length of the lands, the radial positioning of
the cutting particles being staggered in the radial direction
with respect to one another to enable all portions of the bore
hole be subjected to the cutting action of the cutting particles.

3. A rotary bit in accordance with claim 1 in which the lands
of the cylindrical skirt section are provided with wear-resistant
particles mounted substantially flush with the surface thereof
for preventing wear of the lands of the skirt section.

4. A rotary bit in accordance with claim 1 in which the cross
section of the outer cylindrical fluted skirt section extending
transverse with respect to the axis of the body portion com-
prises the surface of each of the multiplicity of lands being
disposed upon and spaced apart along a common circle and
the relieved surface of each of the grooves forming the prima-
ry waterways extending inwardly from the common circle
between each of the adjacent lands, whereby the disposing of
the lands along the common circle improves the stability of
the drill and the grooves along the common circle provide a
flow passage with respect to the wall of the bore hole when-
ever the bit is moved toward or away from the bottom of the
bore hole.

5. A rotary bit in accordance with claim 1 wherein the cylin-
drical skirt section has an axial length approximately equal to
the length of the intermediate convex crown section, whereby
the tapered crown and cylindrical skirt serve to respectively
pilot and stabilize the bit in the desired drilling direction.

6. A rotary bit in accordance with claim 1 wherein the inner
concave face section is substantial in the form of an inverted
cone having an included angle in the vicinity of approximately
80°.

7. A rotary bit in accordance with claim 1 in which the por-
tion of each of the multiplicity of lands forming the inner con-
cave face section extend in an approximately radial direction
with respect to the central axis of the inner concave face sec-
tion.

8. A rotary bit in accordance with claim 1 in which the im-
provement further comprises cutting particles of diamond
material mounted in the surface of the multiplicity of the lands
in the inter concave face section and the intermediate convex
crown section.

9. A rotary bit in accordance with claim 8 wherein the cir-
cular termination of the crown section has a radius in the
vicinity of about 70 percent of the outer radius of the skirt sec-
tion of the bit.

10. A rotary bit in accordance with claim 1 in which each of
said lands contain additional grooves forming secondary
waterways extending along the surface thereof substantially
parallel to the grooves adjacent to the land and forming the
primary waterways.

11. A rotary bit in accordance with claim 10 in which the
cutting particles are disposed in rows extending adjacent to
and substantially parallel to the additional grooves forming the
secondary waterways.

12. A rotary bit in accordance with claim 1 in which the
number of the multiplicity of lands is an odd number to
prevent lands at opposite sides of the intermediate convex
crown section from being disposed along a common diametral
line.
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13. A rotary bit in accordance with claim 12 in which the
odd number of the multiplicity of lands is in the vicinity of the
odd number of approximately 21.

14. A rotary bit in accordance with claim 1 in which the out-
let of the interior passageway for supplying drilling liquid ex-
tends across a portion of the lands forming the inner concave
face section and a portion of the grooves adjacent thereto,
whereby drilling fluid is distributed to the cutting particles
supported on the lands.

15. A rotary bit in accordance to claim 14 in which the out-
let of the interior passageway for supplying a drilling liquid is
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offset with respect to axis of the body portion, whereby the
portion of the inner concave face section adjacent the axis of
the body portion is avoidable to applying cutting particles to
the bore hole.

16. A rotary bit in accordance with claim 15 in which the
outlet of the interior passageway is substantially in the form of
a letter Y with the portion of the outlet corresponding to the
notch of the letter Y being disposed offset from but adjacent
to the axis of the body portion.



