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[57] ABSTRACT

A rotary drill bit comprising a bit body having a plural-
ity of drag cutting elements mounted on the bottom
thereof. Each cutting element has a portion projecting
down below the bit body and forward generally in the
direction of rotation of the bit. This portion presents a
leading face and a trailing face which converge at an
acute angle to form a cutting edge. Each element is
positioned on the bit body such that its leading and

trailing faces present a positive rake angle and back.

clearance, respectively, to the surface of the well bore
formation for improved cutting action. The bit body has
an exit port at the bottom thereof for flow of drilling
fluid under pressure, and sets of first and second gener-
ally parallel ridges defining watercourses extending

from the exit port to the periphery of the bit. The cut- |

ting elements are mounted on the second or trailing
ridge, and extend toward but stop short of the first or
leading ridge. The leading face and cutting edge of each
element thus extend into the watercourse and are
cooled and cleaned by the drilling fluid. In addition the
leading ridge extends down to a level below the bottom
of the trailing ridge but above the cutting edges for
limiting the depth of penetration of the cutting element.

3 Claims, 5 Drawing Figures
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_ROTARY DRILL BIT HAVING DRAG CUTTING
ELEMENTS

BACKGROUND OF THE INVENTION

This invention relates to rotary drill bits for drilling
bores in the earth such as for oil and gas wells, and more
particularly to rotary drill bits of the so-called “drag”
type.

This invention involves an improvement over rotary
drill bits of the aforementioned “drag” type. Drag bits
now in use in the oil well drilling industry typically
have a bit body and a plurality of cutting elements
mounted on the bottom of the bit body which “cut” the
formation at the bottom of the well bore as the bit is
rotated. The cutting elements are of two principal
types; namely, (1) natural diamond elements, and (2)
polycrystalline or synthetic diamond elements. Rotary
drag bits are characterized as either “natural diamond”
bits or “polycrystalline diamond” bits, depending on
which of the two types of elements is used for the pri-
mary cutting elements of the bit.

Natural diamond bits, such as those shown for exam-
ple in U.S. Pat. Nos. 3,112,803, 3,135,341, and 3,175,629,
have been used in various designs in the oil well drilling
industry for a relatively long time. Typically, in these
bits, the natural diamond cutting elements have a base
portion affixedly secured to the bottom of the bit body,
and a projecting portion extending below the bottom of
the bit body and engageable with the formation at the
well bore bottom for cutting it. Although these cutting
elements are naturally occurring and thus are of some-
what irregular shape, the projecting portions of the
cutting elements are typically of generally conical or
spherical shape. The cutting elements are mounted on
the bit bottom with the longitudinal axes of the project-
ing portions generally perpendicular to the bottom face
of the bit. Because of the shape and position of the
projecting portions of the cutting elements, the leading
or cutting faces thereof present a negative rake angle to
the surface of the formation to be cut, with the tips of
the cutting elements thus applying a relatively high
compressive load on the formation. In most instances,
the cutting elements cut the formation by so-called
compressive action, in which the formation chips or
spalls under the compressive load. However, the cut-
ting elements may also cut by means of abrasive action
or plowing action.

Regardless of the type of cutting action utilized, the
rate of penetration of natural diamond bits is limited by,
among other factors, the necessity of providing ade-
quate cooling of the natural diamond cutting elements.
More particularly, cooling of the cutting elements is
required to prevent overheating of the elements. Such
heating leads to phase transformation of the “hard”
diamond to “soft” graphite, with resultant destruction
of the cutting elements. Adequate cooling of the cutting
elements can be provided only if the weight applied to
the bit is sufficiently low as to allow only partial pene-
tration of the cutting elements into the formation (i.e.,
less than the full height of the projecting portions of the
cutting elements). This partial penetration provides a
space for flow of drilling fluid between the bottom of
the bit and the well bore bottom. The drilling fluid
flowing in the space cools and cleans the cutting ele-
ments as it flows past them. Because of the high cost of
the diamond cutting elements and the bit’s relatively
low rates of penetration, natural diamond bits typically
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are used only in conditions which cannot be drilled
satisfactorily by tri-cone bits, such as deep hole drilling
in shales and salts, which are ductile under overbalance
conditions.

Synthetic diamond drill bits, such as those shown for
example in U.S. Pat. Nos. 4,244,432, 4,253,533 and
4,303,136, have a plurality of cutting elements, each
comprising a stud of hard metal, such as tungsten car-
bide, projecting from the bottom of the bit and a disc of
hard metal having a thin layer of polycrystalline
diamond material thereon bonded to the stud. Each
cutting element presents a cutting face having a nega-
tive rake angle and a cutting edge which engages and
cuts the formation at the bottom of the well bore. The
projecting portions of the cutting elements are rela-
tively long and provide a space for flow of drilling fluid
between the bottom of the bit and the well bore bottom.
This space is of relatively large cross-sectional area and
thus the flow rate of drilling fluid is relatively low. In
drilling certain formations, such as ductile or sticky
formations, the flow rate of the drilling fluid past the
cutting elements is not sufficient to provide adequate
cooling and cleaning of the cutting elements for high
rates 'of drilling penetration. For example, in drilling
sticky formations, so-called “bit-balling” may occur, in
which the bit bottom is covered with a thick layer of the
formation, which engages the well bore bottom and
slows the rate of penetration. Attempts to increase the
flow rate by shortening the height of the projecting
portions of the cutting elements or otherwise reducing
the cross-sectional area of the space between the bottom
of the bit and the formation have been limited by the
fact that the bond between the polycrystalline diamond
layered disc and the stud, which is typically a brazed
connection, is susceptible to erosion by the flowing
drilling fluid. Thus, like the natural diamond bit, the
synthetic diamond bit has been used for drilling well
bores only in relatively limited applications.

SUMMARY OF THE INVENTION

Among the objects of this invention may be noted the
provision of an improved “drag” type rotary drill bit
capable of drilling in a relatively wide range of forma-
tions at relatively high rates of penetration; the provi-
sion of such a drill bit which has cutting elements hav-
ing leading faces presenting a positive rake angle to the
surface of the formation to be cut for cutting the forma-
tion by means of shearing action; the provision of such
a drill bit in which the cutting elements have trailing
faces providing back clearance relative to the surface of
the formation to be cut for extended cutting element
life; the provision of such a drill bit which provides
protection against damage to the cutting elements due
to excess “weight on bit”; the provision of such a drill
bit having cutting elements which penetrate the well
bore bottom formation relatively deeply as compared to
the cutting elements of natural diamond bits; and the
provision of such a drill bit which has an improved
drilling fluid circulation system for enhanced cooling
and cleaning of the cutting elements and removal of
chips cut from the formation.

More particularly, the drill bit of this invention com-
prises a bit body having a threaded pin at its upper end
adapted to be detachably secured to drill pipe or the like
for rotating the bit, and a plurality of drag cutting ele-
ments mounted on the bottom of the bit body. Each
cutting element has a portion projecting down below
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the bottom of the bit body and forward in the direction
of rotation of the bit. The projecting portion presents a
leading face and a trailing face with respect to the direc-
tion of rotation of the bit, with these faces converging to
form a cutting edge engageable with the formation at
the bottom of the well bore. The angle of convergence
of the faces is an acute angle. Each cutting element is
positioned on the bit body such that the leading and
trailing faces of the cutting element present a positive
rake angle and back clearance, respectively, to the sur-
face of the well bore formation to be cut by the cutting
element for improved cutting action by the cutting
element, faster rates of penetration by the drill bit, and
extended cutting element life.

The drill bit further has passaging in the bit body
extending from the pin to an exit port in the bottom of
the bit for flow of drilling fluid under pressure from the
drill pipe through the bit body; and first and second
ridges on the bottom of the bit body extending from
adjacent the center to adjacent the periphery of the
bottom of the bit body in generally parallel spaced rela-
tion to each other, thereby forming a watercourse
therebetween in flow communication with the exit port.
The cutting elements are mounted in side-by-side rela-
tion on the second or trailing ridge, with each element
being spaced from the elements adjacent thereto to
form gaps therebetween. Each element further projects
below the bottom of the trailing ridge to a cutting edge
engageable with the formation at the bottom of the well
bore. The bottom of the first or leading ridge is spaced
below the bottom of the trailing ridge but above the
bottom of the cutting edges of the cutting elements,
whereby the leading ridge is adapted to engage the
formation at the bottom of the well bore to limit the
depth of penetration of the cutting elements into the
formation and to block fluid flow between the leading
ridge and the formation. Thus, the drilling fluid exits the
watercourse via the stated gaps for enhanced cleaning
and cooling of the cutting elements by the drilling fluid.

In addition, the cutting elements project from the
trailing ridge toward but stop short of the leading ridge,
with the leading face and cutting edge of each cutting
element thus being positioned in the watercourse. Ac-
cordingly, the drilling fluid flowing in said watercourse
flows over and impinges the leading faces and cutting
edges of the cutting elements for improved cleaning and
cooling thereof.

Other objects and features will be in part apparent
and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation of a drill bit of this invention;

FIG. 2 is a bottom plan of the bit of FIG. 1 showing
sets of generally parallel ridges on the bit bottom and a
plurality of cutting elements on the trailing ridge of
each set of ridges; :

FIG. 3 is an enlarged vertical section on line 3—3 of
FIG. 2, with the bit in engagement with the formation
at the bottom of a well bore, showing the relative posi-
tions of the bottoms of the ridges of one of the sets of
ridges and the cutting edge of one of the cutting ele-
ments;

FIG. 4 is an enlarged vertical section on line 4—4 of
FIG. 2 showing gaps between adjacent cutting elements
for flow of drilling fluid; and

FIG. 5 is a cutaway view of FIG. 3 showing the
positive rake angle and back clearance of the cutting
element.
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Corresponding reference characters indicate corre-
sponding parts throughout the several views of the
drawings.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is generally indicated at 1
a rotary drill bit of this invention for drilling bores in the
earth for oil and gas wells. The bit 1 comprises a bit
body 2 having an upper portion 3 and a lower portion 4
secured to the upper portion by conventional fastening
means (not shown). The upper portion 3 is preferably
formed of steel and has a threaded pin 5 at its upper end
adapted to be detachably secured to drill pipe or the like
(shown in phantom at 7) for rotating the bit. The lower
portion 4 of the bit body is preferably formed of a so-
called tungsten carbide matrix material by a conven-
tional infiltration process. This matrix material has good
wear and erosion resistance properties. However, it is
contemplated that the lower portion 4 may also be made
of steel, with a coating of suitable wear-resistant mate-
rial (not shown) applied to the bottom 9 of the bit. As
best illustrated in FIG. 2, the bit further comprises a
plurality of drag cutting elements 11 mounted on the
bottom of the bit body, as by being integrally formed
into the lower portion of the bit body. The cutting
elements 11 are preferably of synthetic diamond mate-
rial, and have a triangular shape in section. Such cutting
elements are commercially available under the trade-
name “GEOSET” from the General Electric Corpora-
tion of Worthington, Ohio.

The bit body 2 has passaging (not shown) therein
extending from the threaded pin 5 to an exit ports 13
which may have a plurality of branches as illustrated in
the bit bottom 9 for flow of drilling fluid under pressure
from the drill pipe through the bit body. At its bottom,
the bit body has a plurality of sets of two generally
parallel ridges 15A, 15B (e.g., six such sets of ridges, as
illustrated in FIG. 2). Each set of ridges extends from
adjacent the center of the bit bottom 9 to the periphery
of the bit bottom (see FIG. 2) and then upwardly along
the side of the bit body (see FIG. 1), with each set
forming a watercourse 17 in communication with a
respective exit branch port 13 for flow of drilling fluid.
A first ridge 15A of each set of ridges constitutes a
leading ridge with respect to the direction of rotation of
the bit, which is represented by the arrow 19 in FIG. 2.
The second ridge 15B of each set of ridges thus consti-
tutes a trailing ridge.

The drag cutting elements 11 are embedded in the
trailing ridge 15B of each of the sets of ridges in side-by-
side spaced apart relation, thereby forming gaps 21
between adjacent cutting elements. Each cutting ele-
ment 11 projects down below the bottom of the trailing
ridge and forward in the direction of rotation of the bit,
with the element extending toward but stopping short
of the leading ridge 15A. As positioned on the trailing
ridge as shown in FIG. 3, each cutting element has a
leading face 23 and a trailing face 25 with respect to the
direction of rotation of the bit. The faces converging at
an acute angle, less than approximately 85°, to form a
cutting edge 27 engageable with the formation 29 at the
bottom of the well bore. As further illustrated in FIGS.
3 and 5, each cutting element is positioned on the bit
body such that the leading and trailing faces of the

cutting element present a positive rake angle 26 and -

back clearance 28, respectively, to the surface of the
well bore formation to be cut by the cutting element.
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The back clearance of the trailing face 25 reduces drag
on the cutting element and thus frictional heating of the
cutting element for prolonged life. In addition, the re-
duction of drag on the cutting elements, enables a re-
duction in the torque needed to turn the bit, with a
resultant increase in cutting efficiency of the bit. The
positive rake angle of the leading face 23 enables cutting
of the formation by shearing action, which is more
effective than the compressive loading action provided
by a negative rake angle in cutting formations, such as
salts and shales, that are relatively plastically deform-
able under overbalanced conditions. Being formed of
rigid material and immovably mounted on the trailing
ridge, the cutting elements (including the cutting edge
thereof) are maintained in relatively fixed position be-
tween and below the ridges during the use of the drill
bit. :

Again referring to FIG. 3, the bottom of the leading
ridge 15A of a set of ridges is shown to be positioned
below the bottom of the trailing ridge 15B of the set, but
above the cutting edges 27 of the cutting elements 11
mounted on the trailing ridge. Upon the application of a
weight on the bit 1 less than a predetermined weight,
the cutting elements 11 will penetrate the formation to
a depth dependent on the amount of the weight. How-
ever, upon application of a weight on the bit in excess of
the predetermined weight, the leading ridge, because of
its position relative to the trailing ridge and the cutting
elements, engages the formation 29 at the well bore
bottom for limiting the depth of penetration of the cut-
ting elements 11 into the formation. Thus the leading
ridge enables the cutting elements to penetrate to a
depth deep enough to enable rapid removal of the for-
mation, yet not so deep as to prevent the cutting ele-
ments from being adequately cooled and cleaned by the
drilling fluid. Thus, the bit 1 provides protection against
damage to the cutting element due to excess weight on
the bit. For increased wear resistance, the leading ridge,
as well as the trailing ridge at its upper end (see FIG. 1),
has a plurality of relatively hard wear elements 31, such
as of diamond or tungsten carbide, embedded therein.

In addition, because of the position of the bottom of
the leading ridge 15A relative to the trailing ridge 15B
and the cutting elements 11, the leading ridge, when in
engagement with the well bore bottom formation,
blocks drilling fluid flow between the leading ridge and
the formation and thus causes the fluid to exit the re-
spective watercourse 17 via the gaps 21 between adja-
cent cutting elements, and via the outer or upper end 33
of the watercourse 17 at the side of the bit body 2 (see
FIG. 1). To provide more or less uniform flow through
all of the gaps 21, the watercourse is so configured that
its cross-sectional area decreases from adjacent the cen-
ter of the bit to the periphery of the bit. Preferably, this
change in cross-sectional area is effected by changing
the depth of the watercourse 17 along its length, as
illustrated in FIG. 3 showing the top of the watercourse
at two locations along its length, designated 18, 18A. In
addition, to ensure that a substantial portion of the dril-
ling fluid flowing in the watercourse 17 flows through
the gaps and not out the outer end 33 of the water-
course, the cross-sectional area of the watercourse
along the side of the bit body is made relatively small
compared to its cross-sectional area at the bottom of the
bit body, see FIG. 1.

As stated previously, each cutting element projects
from the trailing ridge 15B toward but stops short of the
leading ridge 15A. Thus, the leading face 23 and the
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6
cutting edge 27 of the cutting elements may be consid-
ered to be positioned within the drilling fluid passage
defined by the opposed side walls of the ridges 15A,
15B, the surface of the bit body at the top 18 of the
watercourse 17, and the formation 29. This arrange-
ment, together with the relative positions of the ridges
15A, 15B and the cutting elements 11 causes the drilling
fluid to flow in the watercourse 17 at a relatively high
velocity over and in impringement with the cutting
elements for improved cleaning and cooling of the cut-
ting elements, and enhanced formation chip removal
(one such chip being designated 35 in FIG. 3). Thus,
compared to a typical synthetic diamond drill bit, in
which the drilling fluid flows past the cutting elements
at an average fluid velocity of less than 5 feet per sec-
ond, the drill bit 1 has far higher fluid velocities. How-
ever, because of the high erosion resistant properties of
the tungsten carbide lower portion 4 and the diamond
cutting elements 11, and the embedding of the elements
in the bit body so as to leave no exposed bonding areas,
the bit body and cutting elements are not significantly
eroded by the high velocity drilling fluid.

It will be observed from the foregoing that the drill
bit of this invention enables cutting of the formation by
shearing action, which is a more effective cutting action
than compressive loading for many commonly encoun-
tered formations. In addition, by confining the drilling

‘fluid to flow in relatively small cross-section water-

courses and positioning the cutting elements within the
watercourses, the drilling fluid flows at a relatively high
velocity over the cutting elements, for improved cool-
ing and cleaning of the elements and enhanced chip
removal. Thus, in contrast to conventional natural or
synthetic diamond drag bits, the drill bit of this inven-
tion is capable of drilling a relatively wide range of
formations at relatively high rates of penetration.

As various changes could be made in the above con-
structions without departing from the scope of the in-
vention, it is intended that all matter contained in the
above description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not in limit-
ing sense.

What is claimed is:

1. A rotary drill bit for drilling a well bore compris-
ing:

a bit body having a threaded pin at its upper end
adapted to be detachably secured to drill pipe or
the like for rotating the bit and for delivering dril-
ling fluid under pressure to the bit body, an exit
port in the bottom of the bit body for exit of drilling
fluid under pressure from the bit body, and first and
second ridges on the bottom of the bit body extend-
ing from adjacent the center to adjacent the periph-
ery of the bottom of the bit body in spaced relation
to each other thereby forming a watercourse there-
between in flow communication with said exit port;

a plurality of drag cutting elements mounted in side-
by-side relation on the second ridge, each element
being spaced from the elements adjacent thereto
and projecting below the bottom of the second
ridge to cutting edges engageable with the forma-
tion at the bottom of the well bore to form gaps
between the cutting elements in fluid communica-
tion with the watercourse for flow of drilling fluid
therethrough, each element further being of rela-
tively rigid material and immovably mounted on
the second ridge so as to maintain its cutting edge
at a relatively fixed position beneath the bottom of
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the second ridge, the bottom of the first ridge being
spaced below the bottom of the second ridge but
above the bottom of the cutting edges of the cut-
ting elements, whereby the first ridge is adapted to
engage the formation at the bottom of the well bore
to limit the depth of penetration of the cutting
elements into the formation and to block fluid flow
between the first ridge and the formation, thereby
causing the drilling fluid to exit said watercourse

10

20

25

30

35

45

50

55

65

8

via said gaps for enhanced cleaning and cooling of
the cutting elements by the drilling fluid.

2. A rotary drill bit as set forth in claim 1 comprising
a plurality of sets of said first and second ridges on the
bottom of the bit body, each of said sets forming a wa-
tercourse for flow of drilling fluid.

3. A rotary drill bit as set forth in claim 2 wherein the
first ridge of each of said sets of ridges constitutes a
leading ridge with respect to the direction of rotation of
the drill bit, and the second ridge constitutes a trailing
ridge.

* ® ¥ *x x
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