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The present ‘inverntion relates to rotary drill bits, -and
more particularly to bits having djamonds embedded
therein for drilling relatively hard formations,

In rotary drill bits of the diamond type, it is desirable
to maintain the ‘diamond studded cutting faces of the
bit in a clean and cool state. Circulating fluid, such as
drilling mud, is pumped through the bit for discharge
into the hole being drilled, for the intended purposes of
flushing the cuttings to the top or entrance of the hole,
to clean the cutting faces of the bit and the diamonds
“embedded therein, and to cool such faces and diamonds.

Heretofore, the aforementioned intended purposes
have not been accomplished efficiently. The cutting faces
and the ‘diamonds émbedded therein have not been cleaned
properly, reducing the penetration rate of the diamonds
in the formation. Reduction of penetration rate is at-
tributable to somé -extent to the operation of the. dia-
monds upon previously made cuttings remaining between
the diamonds and undistorbed formation. It is. also
caused by the packing of the cuttings between the dia-
monds; preventing the latter from- contacting the ‘bot-
tom of 'the hole. Imstead, the.cuttings packed on the bit
skid or slide along the hole bottom, generating a large
amount of heat which may be sufficient to melt or burn
a portion of the matrix material in ‘which the diamonds
are held, with consequent dropping out.or loss of some
diamonds from ‘the bit. Substantial generation.of heat
will occur, since the inability of the circulation fluid to
clean the drill bit also’ militates :against its cooling the
bit, for the reason ‘that the packed cuttings prevent the

fluid from flowing ‘across the bit faces and the diamonds 4

themselves.

Attempts have been'made to clean-and cool the bit by
providing grooves or watercourses. in the - cutting faces
of the 'bit, through which circulation fluid will flow.
The cutting faces and diamonds.adjacent: the watercourses

have ‘been - cleaned and cooled, but those displaced .sub-

stantially -from :the watercourses still: suffer from insuffi-
-cient .cleaning -and .cooling, or none at. all. .. This last-
-mentioned - deficiency  is most pronounced in the region

.of the Dbit adjacent and at its oufer _reaming vp}or‘tiop. ;
.-If .proper. concentration. of ,'.diamonds_;isv.place'd on the bit,

there will.be more diamonds around the outer portion of
the hole bottom cufting: face than.around the inner por-
tion - of  such-cutting face.” The ‘watercourses, However,
‘have .heretofore ‘been much further -apart at the outer
porfion .of the cuiting face than at its inner portion, re-
-sulting.in the:lack of proper cleating of the cutting faces
and. diamonds .at. the outér portion, of the bit, except,
possibly, immediately. adjacent the watercourses them-
selves,

: Acc_or‘dmgly; it is én'bbject of jthe':pres,ent invention ‘to_l

provide an.iraproved rofary. drill bit having 'a diamond
studded drilling face, Which can be maintained in a clean
and ¢ool state by the circulating fluid during the drilling
of .a hole in the.formation, thereby ‘enhancing the pene-
_tration rate of the bit and increasing its useful life. -
Another objéct of the invention 'is to-provide-a rotary
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diamond drill bit having watercourses ‘in its: cutting face
arranged in such manner as to cause the circulating fluid
to flow from :one watercourse to another across the dia-
mond studded cutting face, cleaning and cooling all por-
tions of the latter. The outer portions. of the cutting
face are cleaned and cooled as effectively as its inner
portions. o . :
A further object of the invention is to:provide a rotary
diamond drill. bit embodying -watercourses that are:spaced
apart by substantially uniform and-relatively short: dis-
tances across the -entire bottom hole contacting: face or
faces -of the bit, to insure circulation of the drilling fluid

_across all portions ‘of such contacting face or faces and

their -maintenance-in a clean and -cool condition.

An additional object-of the invention is ‘to provide a
rotary -diamond drill- bit -having watercourses ‘in its cut-
ting face or faces arranged in-such manner as to result
in a- substantially uniform concentration of  diamonds
on its cutting face or faces between'the -watercourses
per unit of projected area, and an- effective cleaning and
cooling of all areas of such cutting face or faces. - The

.outer- portions. of ‘the -cutting face or faces are cleaned

as effectively as the inner portions. S

Still a further object of the invention.is to provide a
rotary diamond drill bit embodying watercourses spaced
from ome another by relatively short distances to:pro-

vide -relatively narrow spans. or lands -between -water-

.courses in which the diamonds are held, the watercourses

being so arranged that circulating fluid not only .travels
through the watercourses, but also-flows between water-

‘courses and across the lands to clean and .cool them.

This invention possesses .many other advantages, and
has other objects which may be made.more clearly ap-

-parent from a consideration of a form in :which it may

be embodied.  This-form is  shown in the drawings ac-
companying and forming part. of the present specifica-~
tion. Jt will now be described in-detail, for the purpose
of illustrating the gemeral principles of the invention;
but it-is to be understood that such detailed description
is not to be taken in a limiting sense, since the scope
of the invention .is best defined by the appended claims.
Referring to the drawings: : . o
" Figure 1 is a combined side elevational and longitudi-
nal section of a rotary core: drilling bit embodying the
invention; : . A -
* Fig. 2 is a cross-section taken along the line 2—2 on
Fig. 1; , . L
Fig. 3 is.a fragmentary bottem plan view of the bit
disclosed in Fig. 1; SR )
Fig. 4 is an enlarged view similar to Fig. 3; .
Fig..5 is a secticn taken along the line 5—5. on Fig. 3.
The invention is illustrated in the drawings- as being
applied to a.core bit, which may form the lower portion

_of an apparatus-for taking - a core sample, the core pass-

ing upwardly into a core barrel (not shown) in a known
manner. It is to be understood, however, that in its
broader aspects, the invention is not limited to core bits,
but is directed to rotary drill bits generally.

~ As disclosed in the drawings, the apparatus includes a
tubular main bit body or shank 10.having an upper
threaded box 11 threadedly secured. onto the lower
threaded.pin 2 of a tubular drill collar or drill pipe 13
of a drill string extending to the
top .of the bore hole. The main cutting portion of the
tool is’ disposed -at its lower hole bottom contacting face
14. Cuiting portions may also be ‘provided on the gen-
erally cylindrical inner face 15 of the ‘tool as well as on
its generally cylindrical outer face 16. The inner face
15 determines the diameter of the core, whereas the outer
face 16 determines the diameter of the hole being drilled
by the core bit. The lower portion of the bit or shank 10

-hasa -matrix 17 of relatively hard material, of any suitable
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type, secured to its outer, bottom, and inner surfaces,
in which diamonds 18 of the proper size are secured in
a known manner. These.diamonds may project from
the surface of the matrix 17 to the extent desired, or
some of them may be flush with the surface. They are
arranged in a desirable pattern on the exposed faces 14,
15, 16 of the matrix, to operate upon the bottom - and
sides of the hole being drilled.

Circulating fluid, such as drilling mud, is pumped down
the drill string 13 during the rotation of the apparatus,
this drilling fluid passing through relatively shallow lon-
gitudinal grooves or recesses 19 in the inner wall of the
bit body and around the core barrel (not shown), the
drilling fluid discharging through the throat 20 of the bit
and onto the bottom of the hole. The drilling fluid will
also flow cutwardly along the bottom of the hole, to
clean the hole of cuttings and carry them around the out-
side of the bit and the drill string to the top of the hole,
all generally in a known manner.

As specifically disclosed, the drill bit is provided with
a convex bottom portion 14 merging into an inner sur-
face 15 and also an outer surface 16. Since the bit
specifically illustrated is a core bit, the inner surface 15
is substantially cylindrical, which is also true of the
outer surface 16 which constitutes the reaming portion
of the bit. To enable the bit to drill hard formations,
the matrix 17 has the diamonds 18 embedded in the inner,
lower and outer faces 15, 14, 16, these diamonds being
arranged in any desired pattern.

For the purpose of cleaning and cooling the cutting
surfaces of the bit, a plurality of grooves 21 is formed
in such faces in a particular manner, providing water-
courses through which the circulating fluid can flow
readily from the interior of the bit to the bottom of the
hole, and thence outwardly along the bottom of the hole,
from where the fluid will flow in an upward direction
past the reaming face 16. The grooves 21 are relatively
shallow, and are substantially equally spaced from each

" other around the cutting faces of the bit to provide spans
or lands 22 between the grooves in which the diamonds
18 are embedded. The grooves 21 extend along the in-
ner face 15, around the convex lower face 14, and up-
wardly along the outer reaming face 16 of the bit. The
grooves are separated from one another by relatively short
distances to provide relatively short or narrow lands 22
therebetween in which the diamonds are embedded and
from which they may project. As shown, the groove
portions 21a are substantially parallel to the axis of the
bit along the inner cylindrical face 15 of the matrix, the
upper ends of these watercourse portions 21a opening
into the bore 23 of the bit body or shank, to receive drill-
ing fluid therefrom. The groove portions 214 are ar-
ranged in spiral fashion along the convex lower face 14
of the bit, the inner ends of these spiral groove portions
merging into the lower ends of the groove portions 21a
and their outer ends into inclined groove portions 21c
generally parallel to one another and arranged along the
gauge or reaming face 16 of the bit. FEach groove 21 is
continuous beginning at the upper end of the inner cylin-
drical face 15, where it communicates with the main
fluid passage 23 in the bit body, and then continuing
down along the inner cylindrical face .15 and into the
convex face 14, where the groove portion 215 is arranged
in a spiral manner (at an increasingly greater angle with
respect to a radial line drawn from the axis of the bit
to the commencement of the spiral) outwardly toward
the reaming face 16 of the bit, the groove then continu-
ing as the inclined portion 21¢, as disclosed most clearly
in Fig. 1, to the upper end of the reaming face 16, where
the groove portion has an outlet into the well bore around
the bit body 10. The inclined groove portion 21c makes
a substantial angle to a plane radial of the bit axis.

The grooves 21 are separated from one another by the
relatively short lands or spans 22, and are also generally
equidistant from one another; the lands each including
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an inner cylindrical portion 22z, merging into a lower
spiral portion 22b (which is also directed at an ever in-
creasing angle to a radius drawn through the beginning
of the spiral portion), the spiral portion of the land run-
ning into an inclined land portion 22¢ between the in-
clined watercourse portions 21c¢ extending along the out-
side diameter or reaming face 16 of the bit.

In the use of the apparatus, it is lowered in the well
bore to the bottom of the hole, the proper drilling weight
being then imposed thereon while the bit is rotating at
the proper speed. During the drilling action, circulating
fluid, such as drilling mud, is pumped down the string of
drill pipe 13, and will pass through the main or centrai
passage 23 in the bit body and the recesses 19 into the

s watercourses or waterways 21. The fluid passes through

the watercourse or groove portions 21« in the interior of
the bit and thence through the spiral portions 215 along
the bottom contacting face 14 of the bit, then passing
upwardly through the inclined watercourse portions 21¢
in the outer face 16 of the bit into the well bore annulus
around the bit body or shank 10. The circulating fluid
is pumped through the tool and the watercourses 21 at a
proper rate, and will flush the cuttings from the drilling
region in an outward direction and up around the bit
and the drill string 13 to the top of the well bore.

Not only does the fluid flow through the watercourses
or grooves 21 themselves, but it also flows transversely
from the waterways across the diamond-studded lands 22
to other waterways in a substantial quantity, removing
the cuttings between the diamonds 18 on the lands and
cooling the lands. The fluid effectively prevents cuttings
from packing between the diamonds 18, which would
minimize the extent of penetration of the diamonds into
the formation, The effective cleaning and cooling action
of the fluid passing across the lands 22 from one water-
way to the next waterway is due to the fact that the fluid
flowing downwardly through the throat 20 of the bit and
its inner waterway portions 21a tends to follow a straight
line ‘path and resists attempts to confine it for lateral
outward flow along a curved path, such as through the
spiral waterway portions 21b. Some of the fluid, there-
fore, moves out of one waterway 21, and flows across a
land 22 to the next adjacent waterway on the opposite
side of the land. In flowing across the land, it cleans
and cools the face of the land and the diamonds project-
ing therefrom.

The tendency for the fluid to flow along a straight
line path, which, in the present instance is generally
radially of the bit in an outward direction is enhanced
by the fact that a pressure differential exists between dif-
ferent points of adjacent curved or spiral watercourse
portions 21b.. Each watercourse or groove portion 215
may be considered as a conduit through which fluid is
flowing, since the formation substantially closes its open
side. Inasmuch as the watercourse is relatively shallow,
and particularly since the circulating fluid is usually a
comparatively heavy drilling mud, there will be a progres-
sive pressure drop in each watercourse commencing from
its inlet and running to its outlet portion. As shown dia-
grammatically in Fig. 4, the pressure in a watercourse
portion 215 at the point a will be greater than the pres-
sure at the point b, which will be greater than at a point
c further along the watercourse, In other words, the
pressure will progressively decrease along the length of
each watercourse, Since the fluid tends to flow along a
straight line path, or in a generally radial direction, it
will tend to cross a land, travelling from different points
in one watercourse portion 21b to the next watercourse
portion 21b, reaching the next watercourse portion at
greater distances from its inlet q! than its points of exit
from the first-mentioned watercourse portion.

The following example is given of the foregoing state-
ment, reference being had to Fig. 4. The pressure in a
watercourse drops progressively along its length, decreas-
ing progressively at the points g, b, ¢, d, e. The corre-
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sponding points .in the next watercourse are designated
al, b, ¢, d', e\ Since the dnlhng finid ‘tends to resist
following a curving flow pa:h, fluid in one watercourse
at point b tends to continue movement in a straight line
path S across a land 22 to the next watercourse, entering
the latter at the point 4. This point 4! is at a much
greater distance from the entry point a! of the water-
‘course than is the pomt b from the entry a of its water-
course. Accordingly, in view of the progressive pressure
drop along each watercourse, the pressure at point b will
be substantially higher than at point d%, producing a pres-
sure differential, which induces the fluid to leave one
watercourse and flow across the land to the next water-
course. - In so flowing across the land, it cleans it of
detritus and cools it as well. The fluid from point 5 not
only follows the straight line path S, but also flows more
directly across the land, in view of the lesser pressures
at other points of the next watercourse. Thus, the pres-
sure at point ¢! is less than at point b, some fluid at the
point b flowing along the path T to the point ¢!. It is
evident that the pressure differentials between the water-
courses will produce a general transverse flow across the
lands 22 from one watercourse to the other, and such
transverse flow coupled with flow of fluid through the
watercourses themselves, will thoroughly clean the bot-
tom of the hole of the cuttings, completely flushing such
cuttings from -each land and insuring its maintenance in
a clean ‘and a cocl condition.

It is to be noted that the distance between water-
course portions 215 is very little greater at the outer
region of the bit bottom than at its inner region. The
lands 225 themselves are.of substantially uniform width,
possibly being only slightly wider at their outer regions
than at their inver regions. The spiral arrangement of
watercourses or grooves 215 results in such substantial
uniformity of widths of: lands 22b.and of watercourses
21p across. the bottom face cof the bit. It also results
in the.ability to concentrate diamonds across the. bottom
-face of the bit in:such manner that-they are umiformly
dispesed per unit or square inch -of projected ‘area, the
sibstantially uniform disposition and concentration of
diamonds being maintained from the inside diameter of
the bit to the outside diameter or reaming face 16 of
the bit. Such substantlally uniform’ concentration of
diamonds per unit of projected: area equalizes the work
which: is done by each diamond or stone on the face of
the bit, inasmuch as there are obviously more diamonds
available for cutting action at_the oufer portion of ‘the
bottom cutting face 14 than ai the inner portion. The
general uniformity of disposition of the stones 18 on the
fice-of the bit per-unit-of projectéd atea insures-a more
uniform rate of wear of the diamond stones, and results
in a greatly increased life of the drijl bit.

It is evident that the spiral fluid course pattern, which

produces the spiral lands 22 containing the diamonds, *

provides a substantially uniform concentration of dia-
monds from the inside of the bit to its outside diameter
without substantially widening the lands adjacent the
outside diameter of the bit, which would have the draw-
back of the watercourses 21 being widely separated, di-
sninishing the ffushing action of the circulating finid across
the lands or spans 22 between watercourses at the outer
portion of the bit.

It is, accordingly, apparent that a rotary diamond drill
bit has been provided, in which the bit is maintained in
a clean and cool condition by the circulating fivid, as-
surance being had that all cutting faces of the bit will be
theroughly flushed by the drilling fluid. The fluid does
not only flow through the watercourses, but also trans-
versely from onz watercourse across a land to an adja-
cent watercourse throughout the length of the land,
and, in so doing, insures the maintenance of all surfaces
of the land face in a clean and cool conditicn. Accord-
ingly, there is no localized burning of land areas, particu-
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larly in regions that are not immediately adjacent the
watercourses themselves. A proper concentration of
diamonds is secured across the -cutting faces of the bit,
there being more diamonds around the cutting faces adja-
cent the outside or reaming portions of the bit than on
the inside, which, of course, is desirable since the cir-
cuinference traversed by the outer portions of the bit
during each revolution is much .greater than the circum-
ference covered by the inner portion of the bit, the outer
pcrtlon being required to remove more formation than
the juner portion and being subjected to. a greater total
amount of work.

The inclination of the watercourse portions 21c along
the reaming face 16 of the bit also results in a proper
cleaning and cooling of such reaming face, since the fluid
will not all remain in -the inclined watercourses, but will
tend to meve in a direction generally parallel to the axis
of the bit, flowing from one waterway, across the in-
clined reaming lands 22c, and into the next waterway.
In so flowing across the land 22¢, it cleans and cools the
iatter.

The inventor claims:

1. In a rotary drill bit: a body having a drilling face
adapted to engage the bottom of the hole in which the
bit is. operating and a fluid passage extending longitu-
dinally therethrough and-opening into said drilling: face,
said drilling face containing a plurality of substantially
uniformly, spaced generally spiral watercourses to. pro-
vide substantially uniformly spaced generally spiral lands
between said watercourses, each land being ~engageable
with the bottom of the hole across-substantially the full
width: of the land, cutting. elements secured to said lands
for operation upon the bottom of:the hole, each of said
spiral watercourses commencing at said fluid passage
and extending laterally- outwardly therefrom to the outer
portion of said body at an-increasing angle to a radial
line from: the body. axis to-the commencement of said
watercourse,-the arcuate -extent of each ‘watercourse and
land around the drilling face being substantlally less than
360 degrees.

2. In:a rotary:drill bit: -a-body having-a drilling -face
adapted 'to engage the bottom of -the -hole in which the
bit -is. operating and a fluid passage extendinglongitu-
dinally therethrough and: opening-into -said -drilling face,
said .drilling -face containing a -plurality of -spaced-.gen-
erally spiral watercourses- to  provide -spaced :generally
spiral lands:between . said watercourses, each land being
engageable with -the . bottom - of - the hole across- sub-

- stantially -the -full. width of the land, -cutting”elements
-secured -to said: lands-for-operation -upon the bottom .

of the hole, each:of sdid spiral’ watercourses commenc-

-ing at said.fluid passage-and extending laterally outwardly

therefrom to the outer portion of said body at an in-
creasing angle to a radial line from the body axis to
the commencement of said watercourse, the arcuate ex-
tent of each watercourse and land around the drilling
face being substantially less than 360 degrees.

3. In a rotary drill bit: a body having a drilling face
adapted to engage the bottom of the hole in which the
bit is operating and a fluid passage extending longitu-
dinally therethrough and opening into said drilling face,
said drilling face containing a plurality of substantially
uniformly spaced generally spiral watercourses to pro-
vide substantially uniformly spaced generally spiral lands
between said watercourses, each land being engageable
with the bottom of the hole across substantially the full
width of the land, cutting elements secured to said lands
for operation upon the bottom of the hole, each of said
spiral watercourses commencing at said fluid passage
and extending laterally outwardly therefrom to the outer
portion of said body at an increasing angle to a radial
line from the body axis to the commencement of said
watercourse, the arcuate extent of each watercourse and
land around the drilling face being substantially less
than 360 degrees, each watercourse having a substantially
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uinform width throughout its length, each land having
a substantially uniform width throughout its length.

4. In a rotary drill bit: a body having a drilling face
adapted to engage the bottom of the hole in which the
bit is operating and a fluid passage extending longitu-
dinally therethrough and opening into said drilling face,
said drilling face containing a plurality of spaced gen-
erally spiral watercourses to provide spaced generally
spiral lands between said watercourses, each land being
engageable with the bottom of the hole across substan-

tially the full width of the land, cutting eiements se-’

cured to said lands for operation upon the bottom of the
hole, each of said spiral watercourses commencing at
said fluid passage and extending laterally outwardly there-
from to the outer portion of said body at an increasing
angle to a radial line from the body axis to the com-
mencement of said watercourse, the arcuate extent of each
watercourse and land around the drilling face being sub-
stantially less than 360 degrees, each watercourse having
a substantially uniform width throughout its length, each
Jand having a substantially uniform width throughout
its length.

S. In a rotary drill bit: a body having a drilling face
adapted to engage the bottom of a hole in which the bit
is operating and a fluid passage extending longitudinally
therethrough and opening into said drilling face, said
drilling face confaining a plurality of substantially uni-
formly spaced smoothly curved watercourses to provide
substantially uniformly spaced smoothly curved lands
between said watercourses, each land being engageable
with the bottom of the hole across substantially the full
width of the land, cutting elements secured to said lands
for operation upon the bottom of the hole, each of said
watercourses commencing at said fluid passage and ex-
tending laterally outwardly therefrom to the outer por-
tion of said body at an increasing angle to a radial line
from the body axis to the commencement of said water-
course, the arcuate extent of each watercourse and land
around the drilling face being substantially less than
360 degrees.

6. In a rotary drill bit: a body having a drilling face
adapted to engage the bottom of a hole in which the
bit is operating and a fluid passage extending longitudinal-
ly therethrough and opening into said drilling face, said
drilling face containing a plurality of substantially uni-
formly spaced smoothly curved watercourses to provide
substantially uniformly spaced smoothly curved lands
between said watercourses, each land being engageable
with the bottom of the hole across substantially the full
width of the land, cutting elements secured to said lands
for operation upon the bottom of the hole, each of said
watercourses commencing at said fluid passage and ex-
tending laterally outwardly therefrom to the outer por-
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tion of said body at an increasing angle to a radial line
from the body axis to the commencement of said water-
course, the arcuate extent of each watercourse and land
around the drilling face being substantially less than 360
degrees, each watercourse having a substantially uniform
width throughout its length, each land having a substan-
tially uniform width throughout its length.

7. In arotary drill bit: a body having a convex drilling
face adapted to engage the bottom of a hole in which the
bit is operating and fluid passage means extending longi-
tudinally through and opening into said drilling face,
said drilling face containing a plurality of substantially
uniformly spaced generally spiral watercourses to pro-
vide substantially uniformly spaced generally spiral lands

; between said watercourses, each land being engageable

with the bottom of the hole across substantially the full
width of the land, cutting elements secured to said lands
for operation upon the bottom of the hole, each of said
spiral watercourses commencing at said fluid passage
means and extending laterally outwardly therefrom to the
outer portion of said body at an increasing angle to a
radial line from the body axis to the commencement of
said watercourse, the arcuate extent of each watercourse
and land around the drilling face being substantially less
than 360 degrees.

8. In a rotary drill bit: a body having a convex drilling
face adapted to engage the bottom of a hole in which
the bit is operating and fluid passage means extending
longitudinally through an opening into said drilling face,
said drilling face containing a plurality of substantially
uniformly spaced smoothly curved watercourses to pro-
vide substantially uniformly spaced smoothly curved lands
between said watercourses, each land being engageable
with the bottom of the hole across substantially the full
width of the land, cutting elements secured to said lands
for operation upon the bottom of the hole, each of said
watercourses commencing at said fluid passage means and
extending laterally outwardly therefrom to the outer por-
tion of said body at an increasing angle to a radial line
from the body axis to the commencement of said water-
course, the arcuate extent of each watercourse and land
around the drilling face being substantially less than 360
degrees.
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