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() Rotary drill bit.

@ A rotary drill bit includes a cutting face {24) having a
peripheral edge {26) and a central recess (28). A plurality of
fluid discharge nozzies (18) are mounted in the cutting face
{24). A plurality of cutter elements (14) are mounted in the
peripheral edge (26) and in the recess (28) to fracture an
earthen core formed as the drill cuts through a formation. A
plurality of lateral discharge passages (36) extend radially
through the bit body (10) from said recess (28} and extend
longitudinally to the periphera! edge {26} to form circum-
ferential interruptions in the periphera!l edge (26). A convex
protrusion (34) is diposed centrally at a longitudinally inner
end of the recess (28) and includes a convex deflecting
- Surface (40) arranged to contact and fracture the earthen core
! and deflect the cuttings to the lateral discharge passages
{36). A ridge (50} is disposed along a trailing edge of each of
the discharge passages (36) to retard the flow of drilling fluid

2 into the associated discharge passage (36) from an adjacent

» one of the nozzles (18), whereby such fluid is caused to flow
across cutter elements (14) located behind the ridges (50).
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The present invention relates to drill bits fof use in rotary
drilling through earth formations.

! .
In a typical rotary drilling operation, a rotary drill bit is
rotated while being advanced into a soil or rock formation.
The soil or rock is cut by cutting elements.on the drill bit,
and these cuttings are flushed from the borehole by the cir-
culation of drilling fluid toward the‘toﬁ of the borehole.
The drilling fluid is delivered to the drill bit downwardly
through a passage in the drill stem and is ejected outwardly
through nozzles disposed in the cutting face of the drill bit.
The ejected drilling fluid is directed outwardly through the
nozzles at high speed to aid in cutting, éndvto flush the

cuttings and cool the cutter elements.

A traditional area of concern in the désign‘of rotary drill
bits of this type involves the confiéuration at the center
of rotation of the bit cutting face where the linear speed of

the cutter elements is relativelyslow,

It nas been heretofore proposed to provide a drill bit with
a concave recess at the center of the cutting face. When
cutting through a hard substance, a core of the substance
is formed within the recess. The core is gradually broken
up by cutter elements disposed within the recess and/or by
an inclined surface disposed at an inne? end of the recess.
The inclined surface also deflects the cutiings iaterally
through a discharge passage in the bit body. A drill bit of
that type has utility in the cutting of both hard and soft
substances. In the latter, the lateral discharge passage
promotes the discharge of a high volume of cuttings which
might otherwise clog-up the recess; thus, cuﬁting may pro-
ceed at a faster rate. Exemplary of drill bits of that type
are the bits disclosed in US-A-2 931 630, US-A-3 727 704
and US-A-4 234 048. |
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Drill bits of the above-described type are subject to certain
shortcomings, however, as determined by the present inventor.
For example, as the core is engaged and broken up by the in-
clined surface at the inner end of the recess, an unbalanced
force pattern is established on the drill bit. That is, the
force generatated by the contact between core and the inclined
surface includes a radial component which tends to displace
the drill bit from its intended travel path. As a result, it

becomes difficult to cut in a predetermined straight path.

Furthermore, in cases where the discharge passage in the bit
body extends longitudinally all the way to the forward end

of the bit, there mayAbe a tendency for drilling fluid to by-
pass some of the cutting elements mounted on the bit. That is,
such a discharge passage forms a convenient travel path for
drilling fluid to travel directly from the nozzle to the annu-

lus without contacting the cutter bits to flush and cool same.

It is, therefore, an object of the present invention to mini-

mize or obviate problems of the above-described sort.

Another object is to provide a drill bit which has utility
in hard and soft substances and which promotes drilling in
a straight direction.

A further object is to provide such a drill bit which mini-
mizes tendencies for drilling fluid to bypass the cutter
elements.

An additional object is to provide a centrally recessed
drill bit which fractures a core without generating appre-
ciable unbalanced forces on the bit.

A further object is to provide such a drill with a dam that
deflects drilling fluid toward cutter elements which other-
wise would be bypassed.
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The above and other objects are attained by giving the inven-

tion the characterizing features stated in the appending claims.

The invention is described in detail in the following descrip-
tion with reference to the accompanying drawings in which one
embodiment is shown by way of example. It is to be understood
that this embodiment is only illustrative of the invention

and that various modifications thereof may be made within the

scope of the claims.

In the drawings, Fig. 1 is a side elevational view, partially
in longitudinal section, of a drill bit and drill string

according to the present invention.

Fig. 2 is an end view of the drill bit, depicting the series
of holes for receiving cutter elements and nozzlies; some of
the holes remaining empty in Fig. 2 and the remaining holes

being depicted as containing nozzles and cutter elements.

Fig. 3 is a side elevational view of a cutter element employed
in the drill bit.

Fig. 4 is a longitudinal sectional view through the drill bit
taken along line 4-4 of Fig. 2, with the nozzles and cutter

elements being omitted for clarity.

Fig. 5 is a side elevational view of the d4rill bit taken
along line 5-5 of Fig. 2, with the nozzles and cutting ele-

ments being omitted for clarity.
Fig. 6 is a cross-sectional view taken aiong the line 6-6 in
Fig. 2 to depict a lateral discharge passage'and a dam-forming

ridge mounted along a trailing edge of the discharge passage.

Depicted in Figs. 1 and 2 is a rotary drill bit 10 mounted



10

15

20

25

30

35

4 0192016

at the end of a drill stem 1l1. A plurality of small bores 12
(Fig. 2) are formed in the drill bit body 10 which are adapted
to receive cutter elements 14 (Fig. 3). The cutter elements 14

may comprise polycrystalline diamond studs in a conventional
manner.

A plurality of larger bores 16 are provided in the drill bit
for the reception of nozzles 18 for discharging jets of drill-
ing fluid. The drilling fluid is conducted to the nozzles 18
through a passage 20 in the drill stem 11 and drillbit 10
which communicates with passages 22 in the drill bit. The
jet streams aid in the cutting of the formation, cooling of
the drill bit cutters, and carrying of the cuttings to the
top of the borehole.

The cutting face 24 of the drill bit comprises an outer peri-
pheral edge 26 and a central recess 28. The outer edge 26
slopes longitudinally inwardly (upwardly) and radially out-
wardly. The recess 28 is defined by side walls 30 which are
inclined longitudinally and radially inwardly. The cutting
elements 14 are positioned in‘the peripheral edge 26, in the
side walls 30, and in a floor 32 of the recess 28. Most of
the nozzles 18 are positioned in the floor 32.

The floor 32 of the recess 28 is of concave configuration,
the floor perferably comprising a centrally located, gene-
rally frusto-conical protuberance 34. If desired, the pro-
tuberance 34 could be of other convex shape such as semi-
spherical for example. Holes 12A, 12B for cutting elements

14 (Fig. 2) are formed in the protuberance 34, and the afore-

mentioned nozzle 18A is mounted in the protuberance 34.

The drill bit also includes a plurality of lateral discharge
passages 36 which communicate with the central recess 28.

Those passages 36 include base surfaces 38 (Fig. 4) which
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constitute continuations of an inclined wedge face 40 of the
protuberance 34. The passages 36, preferably three in number,
are eqgquidistantly spaced around the longitudinal axis of the

drill bit, i e at 120 degree intervals.

Each passage extends radially completely through the bit body
and extends longitudinally outwardly to the peripheral edge

26 so as to form gaps in the latter.

It will be appreciated that during a cutting operation, the
earth formation is cut so as to form a conical earthen core
which projects into the central recess 28. The core is fractur-
ed by the combined action of the cutting elements 14 and the
convex protuberance 34, the former engaging the sides Qf the
core and the apex 41 of the latter engaging the tip of the
core. The convex shape of the surface 40 of the protuberance
34 assures that the reaction forces applied against the pro-
tuberance will be distributed around the protuberance and
thus will tend to be self-balancing in the radial direction.
That is, a concentration of forces at one point on the floor
of the recess is avoided. As a result, the drill bit will not
be caused to deviate from its intended path of travel by un-

balanced forces acting on the floor of the recess.

The cuttings are discharged from the recess through the
passages 36 by the action of the surface 40 which serves

as a wedge, and by flushing fluid from the nozzles 18, 18A.

Disposed on the cutting face of the drill bit along the trail-
ing edge 48 of each latéral discharge passage 36 is a ridge 50
(Fig. 6). The ridge 50 can be formed of a hard or a soft
substance, as desired. For example, the ridge 50 can be

formed of a hard material such as tungsten carbide or 4140
steel, or formed of a softer substance such as a soft steel

(e g 1020 steel). The ridge 50 projects outwardly from the
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cutting face by a distance slightly less than that of the
cutter elements 14 and extends longitudinally along the

side wall of the recess and radially along the peripheral
edge 26.

The ridge 50 performs two important functions. Firstly, the
ridge acts to dam-up drilling fluid ejected from the adjacent.
trailing nozzle 18B (i e, the nearest nozzle 18B spaced |
clockwise from the ridge 50 in Fig. 2). That is, in the absence
of the ridge, much of the drilling fluid emanating froh that
nozzle would flow into the adjacent gap in the peripheral
edge (i e, the gap formed by the discharge passage) and then
upwardly through the annulus. However, upon encountering the
ridge 50, the fluid travel is blocked, causing the fluid to
rebound and flow to the adjacent cutting elements located
behind the ridge, i e, the cutting elements spaced clockwise
from the ridge 50 in Fig. 2.

As noted earlier, the ridges 50 project from the cutting
face 24 by a distance less than, e g, one-half, that of the
cutter elements 14. The difference in such projecting dis-
tance 1s about egqual to the expected penetration depth of
the cutter elements. In this fashion, the ridge will essen-
tially contact the formation, thereby minimizing the travel
of fluid between the ridge and the formation.

A second important function of the ridge 50 is to act as a
plow to push larger cuttings from the associated discharge
passage so that such cuttings do not contact and damage the
cutting elements located behind the ridge. In softer sub-

stances the ridges 50 may serve as cutter blades as well as
plows.

In operation, the drill bit is rotated while simultaneously

advanced into an earth formation. As the cutting operation
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pfogréssés an earthen core is formed which is disposed within
the recess 28. The sides of the core are gradually fractured
by the cutter elements 14 disposed within the recess, and the
tip of the earthen core is fractured by the cutter elements
disposed in the floor of the recess, as well as by the convex
protuberance 34. Engagement between the core and the protu-
berance is such as to establish generally radially balanced
forces on the drill bit whereby the drill bit is not diverted
from its intended path of travel.

The convex protuberance 34 deflects the cuttings laterally

outwardly through the discharge passages 36. Ejection of larger

chunks through the discharge passages 1is aided by the ridges
50 which act as plows to push the chunks along.

The ridges 50 also serve to block the escape of drilling
fluid from the nozzles 18. Instead, that fluid rebounds
rearwardly and flows across the cutter elements disposed be-

hind the respective ridges in order to flush and cool those

cutter elements.

It will be appreciated that the present invention minimizes
the likelihood that unbalanced radial forces will be exerted
against the drill bit in response to contact between the
earthen core and the floor of the recess. Conseguently, it

is easier to maintain the drill bit in a straight path of
travel.

The presence of the ridges 50 aids in pushing larger chunks
through the lateral discharge openings and thereby minimizes
the likelihood that such chunks could contact and damage the

cutter elements.

It is also assured that the cutter elements will be supplied

with a substantial amount of cooling and flushing fluid,
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since it will be difficult for such fluid to bypass the cutter
elements by flowing directly into the lateral discharge openings

and upwardly through the annulus, due to the pfesence of the
ridges.
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Claims

1, A rotary drill bit for cutting in earth formations,
comprising a bit body (10) ihcluding a cutting face (24)
having a peripheral edge (26) and a central recess (28)
extending longitudinally inwardly from said peripheral

edge (26), a plurality of fluid discharge nozzles (18)
mounted in said cutting face (24) for emitting drilling
fluid under pressure, and a plurality of cutter elements
(14), some of which being mounted in said peripheral edge
{26), and others of which being mounted in said recess (28)
to fracture an earthen core formed as the drill cuts through
the formation, character ized in that the drill
bit further comprises a plurality of lateral discharge
passages (36) formed in said body (10), said passages (36)
extending radially through said body (10) from said recess
(28) and extending longitudinally to said peripheral edge
(26) to form circumferential interruptions in said peripheral
edge (26), and a convex protrusion (34) disposed centrally
at a longtitudinally inner end of said recess (28) and in-
cluding a convex deflecting surface (40), said protrusion
(34) arranged to contact and fracture the earthen core and

deflect the cuttings to said lateral discharge passages (36).

2. A drill bit according to claim 1, including a ridge (50)

disposed along a trailing edge of each of said discharge

passages (36), each ridge (50) projecting from said cutting
face (24) b& a distance less than that of said cutter ele-
ments (14) and being arranged to retard the flow of drilling
fluid into the associated discharge passage (36) from an ad-
jacent one of said nozzles (18), whereby such fluid is caused

to flow across cutter elements (14) located behind said ridge
(50).

3. A drill bit according to claim 1, wherein said protrusion

{34) is of frusto-conical shape.
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4. A drill bit according to any of the preceding claims,
wherein some of said nozzles (18) are mounted in a side wall
(30) of said recess (28) and one (18A) of said nozzles is

mounted in said protrusion (34).

5. A drill bit according to any of the preceding claims,
wherein at least one of said cutter elements (14) is mounted

in said protrusion (34).

6. A drill bit according to any of the preceding claims,
wherein there are three of said discharge passages (36),

said passages disposed equidistantly around the circumference
of said bit.

7. A drill bit according to any of claims 2 - 6, wherein

said ridges (50) are formed of a hard material.

8. A drill bit according to any of claims 2 - 6, wherein

said ridges {(50) are formed of a soft material.

9. A drill bit according to any of claims 2 - 8, wherein
said cutter elements (14) project farther from said cutting
face (24) than said ridges (50) by a distance equal to the

expected penetration depth of said cutter elements (14).

10. A drill bit according to any of claims 2 - 8, wherein

said ridges (50) project from said cutting face by a distance

equal to about one-half the distance which said cutter elements

(14) project from said cutting face (24).
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