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5 Claims.

This invention relates to the art of earth bor-
Ing: or drilling,. and particularly to the drilling
of deep welis, such as oil wells or the like,

" More' specifically, the invention relates to an
improved bit for use in-drilling such wells; and
to an improveg method of flushing the hole he-
ing drilled to remove the imaterial disintegrated
by the bit.

Drill bits of the class under consideration are
connected to g pipe; or line of pipes which con-
stitute a drill stem by means of which the driil ig
pressed downwardly and rotated in a well known
manner.  As the drilling broceeds, water is
bumped downwardly through the stem tg flush
the cuttings from the hole,

The bits are usually designed for drilling con-
ditions wherein both hard and soft sarth forma-~
tions: are encountered:. but commonly, sucli bits
are so:.constructed that the outer or periphergl
cutting edge portions wear away resulting in
either:'a gradual lessening of the diameter of
the bore, which necessitates later reaming; :or
results.in. g lateral arift from the berpendicular,
which'.is alsg objectionable. ‘

Furthermore, the methods used in-flushing the
disintegrated material from ‘the hole have not
been of maximum efficiency, as the down jets.of
water used for flushing ‘oppose. or interfere more
or less with the return upward flow.of the fiush
water and solid material.: ’

An ohject of the present invention is tg pro-
vide an improved bit of the class mentioned which
will maintain 5 constant cutting. diameter where-
by a hole of uniform diameter will be drilled.

A further object of the invention is to pro-
vide an improved construction of bit whereby
lateral drift of the Dbit will be prevented.

‘A further object of the invention is to provide
& bit-ol the ciass mentioned which will operate
efficiently in drilling through hard rock, shale, or
soft formations.

A’ further object of the invention is to pro-
- vide:a bit which shall be of simple design, simple
to" operate; and which may be readily repaired
and reconditioned at low cost.

‘A further object of the invention is to pro-
vide an improved method of flushing the de-
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tached or disintegrated material from the hole

being drilleq,

Other objects will appear hereinafter.

With these objects in view, the invention eon-
sists generally ing bit including a plurality of
depending outer drag blades the lower ends. of

which-are forwardly and downwardly inglined.
with respect to the.direction of :rotation, present-
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-ing forward cutting edges, and in which the outer

faces of the blades-are substantially cylindrica]
for a distance rearward from the forward edge,
providing for wear. of the blades to the extent of
their usefulness without diminishing the outer
radius of the cutting edge.

The invention further consists in a bit as above
stated in which the outer walls of the drag:
blades to the rear of the cylindrical portions
mentioned are tapered inwardly thereby eniarg-
ing the upward bassageway for the material Le-
ing flushed from the hole, and avoiding wedg-
ing of particles of solid matter between the blade
and the side of the hole, . -

The invention further consists in & bit includ-
ing four parallel depending drag blades, g trans-
verse shaft mounted in two of said blades and
a_ pair of frusto-conical cross-roller - cutters
mounted .oh said shaft and tapering inwardly
toward the axis .of rotation of the bit, wherehy
the cross-roijer cutters will chip ‘away the egrth
formation for the major area of the hole being
drilled and form and maintain an upwardly ex-
tending, centrally located .conical portion to the
bottony of the hole which will prevent lateral
drift of the bit,

The invention further consists in a-hit as akbove
stated’ in which the drag blades intermediate
those in which the:shaft for the roiler ciutters is
mounted, are provided with ducts: extending. to
adjacent the lower ends thereof and terminating
in- inwardly extending openings whereby the
flushing fluid will be- ejected inwardly across the
bottom of the hole, sweeping the chips and dis-
integrated matter toward the periphery of the
hole and not interfere with the upward passage
of ‘the-fluid and solid matter. .

The invention further consists in various-de-
tails of construction agng combination and gr-
Tangement of parts, as will be fully described
hereinafter and particulariy pointed out in the
claims; ‘

The invention will be more. readily understood
by reference fo the accompanying . drawings
forming-a part of this application-and in which:

Figure 1 is g side elevation-of & drill hit em-
bodying the: invention. :

Figure:2-is o similar view taken at:right angles
bo'that:illustrated .in Figure 1, :

Pigure 3 is a bottom plan view of the .device,
and :
Figure 4is a transverse section on. the lines
4—4 of Figure 3; e : ‘

‘Referring: to: the drawings, the body. of the bit

‘whichisof integral’ construetion, . comprises ~a




circular disc portion 10,

threaded stem {1 of the
type to connect readily to a standard drill collar
(not shown), and four depending parallel drag
plades 12, 12 and 13, 13. These blades are pref-
erably spaced equidistant from each other and
together provide & substantially cylindrical body
of maximum rigidity and strength and of greater
diameter through the blades than the diameter
of the disc portion 19. The lower ends of sald
drag blades are inclined downwardly and for-
- wardly in the path of rotation, as at 14, present-
ing chisel edges {5 which produce a scraping and
tearing action of the blades on the peripheral
portion of the formation being drilled. :

The vertical outer face of each of the blades {2
and 13 is of cylindrical form, as indicated at 18,
for a distance-from the front edge of the blade
sufficient to give maximum strength to the blade,
to prevent lateral drift ‘of the tool and to main-
tain full cutting width to the chisel edge i5 as
the blade wears away in use; ‘and is then beveled
or inclined inwardly asg at 17 for a purpose here-
jnafter described. It is obvious that with. the
outer cutters formed as above described, a uni-
form cutting radius will be maintained irrespec-
tive of the wear on the cutting edges 15, and that
the hole being drilled will be of constant uni-
form diameter.

Welded into the blades {2—1{2, which are di-
ametrically opposite, is a horizontal shaft 18 upon
which is mounted a pair of frusto-conical cross-
yolier cutter members {9 and 20. Each of said
cutters is formed on its periphery with longi-
tudinally disposed chisel-like cutting edges, which
are separated into two peripheral series of cut-
ters 21 and 22, by an annular groove 23. It should
be noted that the cutters 29 of the member 9

horizontal, substantially
an upwardly extending

terminate at their inner ends in a plane incident:

with the axis of rotation of the bit, so that.as
the bit turns these cutters disintegrate the earth
formation immediately about said axis. The cor-
responding cutters 95 of the member 2§ are
spaced from the center of rotation and are of
sufficient length to span the gap made by the
groove 23 in the cutter member 18 as the tool
rotates. Likewise, the cutters 21 of the member
19 bridge the gap of groove 23 in member 28. The
outer ends of the cutiers 91 of both roller mem-
bers {9 and 20 terminate equidistant from the
center. By this arrangement, when the hit is
turned in the usual manner, the frusto-conical
cutting members are forced to rotate on their
axes, and as the apexes of the said members are
considerably remote irom the axis of rotation
of the bit, a combined chopping and tearing action
is obtained over the entire circular area covered
by said members during the rotation of the bit.

To lessen the friction and permit maximum
action as above described, the members {8 and
90 are each provided with two sets of ball bear-
ings. 'This is illustrated in Figure 4. As shown
therein, the shaft 18 is formed with inner ball
‘races 24 and the members 18 and 20 with outer
ball races 25, for the balls 26. In assembling,
after the races 24 and 25 are brought into regis-
ter, the balls 26 are inserted through holes 27 in
the members 18 and 20, and the holes closed by
plugs 28, which are then welded in place. The
inner ends of the plugs 28 form g part of the
outer ball races.

The frusto-conical members §9 and 20 taper in-
wardly from their outer ends with the smallest
diameter of these members abt the axis of rota-
tion of the bit; 80 that, when in operation the
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action of the cutters 21 and 22 produces and
maintains an upwardly projecting conical bot-
tom to the hole, about which the entire bit will
turn, as illustrated in Figure 4 of the drawings.

- This keeps the bit centered and prevents lateral

drift, thereby assuring a straightly drilled hole.

The hit is especially designed for use where both
hard and soft sub-surface formations are to be
encountered. - In cutting through hard rock, the
inner roller cutters {9 and 20 will cut and chip
away enough of the rock so that the outer or
drag blades 12 and i3 can readily cut and ream
the remaining outer annulus. In soft forma-
tions, the drag blades 12 and 13 will speedily cut
the outer annular portion, while the inner roller
cutters 18 and 28 will constantly agitate the ma-
terial at the inner portion of the hole and assure
guick and thorough flushing of the loosened ma-
terial from the hole, as will be presently described.

Ag hereinbefore stated, the bit is attached to
the end of a pipe, or line of pipes by which it is
soreed downwardly and turned from the surface
by well known means,; and that this pipe affords

~means for supplying flushing fluid to the bottom
of the hole for removing the material detached
by the bit, and to keep the movable bit members
srom becoming clogged.

One of the objects of the present invention is
to so improve the method of flushing that the
downwardly projected jets will not buck, or more
or less interfere with, and check the upward
movement of the fluid and solid particles.

To this end means are provided whereby a
major portion of the flushing fluid is directed in-
wardly from adjacent the outer edge, in jets ab an
angle across the bottom of the hole to the other
side so that as the Dbit turns the entire bottom
of the hole is swept by gaid jets, moving the de-
tached material toward the periphery of the hole,
50 that the influx of the fuid does not check or
retard the upflow of the fluid and solid matter,
but materially assists therein. The remaining
portion of the fushing fluid is directed downward-
1y at substantially the center of the device to fur-
ther clean the rotary cross cutters, and as this
approaches the bottom it is entrained by the first
raentioned jets and aids in rapidly agitating the
material and forcing the same upwardly about
the periphery of the hole.

@ach drag blade i3 is provided with a duct 29
which eommunicates at its upper end with the
vore 38 of the stem i1, as at 31. The lower end
of the duct 29 terminates in a port 32 in the inner
tace of the blade and as close to the lower edge
thereof as possible to permit normal wear of the
blade without interfering with the port.

These ports 32 are pbut slightly inclined from
the horizontal and are angularly arranged with
relation to the radius of the bit, so that the jets of
fluid issuing therefrom will pass in opposite di-
rections on opposite sides of the axis of rotation
without interference. wyrthermore the angle of
the port with relation o the radius is forwardly, or
toward the direction of movement of the blades, 50
that the entire bottom of the hole is swept clean as
the bit rotates, and the jets assist in creating and
maintaining a constant agitation of the fluid and
solid matter without any portion of the inflow
interfering with the egress of the fluid and solid
matter. These jets also keep the cutting edges
of the drag blades and the lower portions of the
cross cutters clean and the loosened material re-
moved from in front of the same, thereby ma-
terially increasing the efficiency of the device and
minimizing the wear on the blades.
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Extending through the portion 18 of the hit and
communicating with the bore 38, are a pair of
ports 23 which are arranged dirsctly above the
Cross cutters (9 and 29 respectively, and arranged
to direct jets of fluid downward thereon, prefer-
ably at the ares of the peripheral grooves 23,
This jet will remove any solid matter from the
Cross cutters 19 ang 20 which escaped the jets
issuing from the ports 32. The fluid from the
Dorts 33 passes downwardly at substantially the
center of the hit and merges with or is entrained
by the jets issuing from the ports 32. It is ob-
vious that by this arrangement a constant swirling
and agitation of the fluid and solid matter is
maintained without any interference of cross cur-
rents with consequent settling of solid matter in
the hole.

By reference to Figure 3 of the drawings it will
be noticed that 5 large uninterrupted passageway
for the upflow of the fluld and solid matter is
provided between the bit and the walls of the
hole, and it is for the burpose of increasing this
area that the major portion of the outer faces of
the blades 12 and 12 are inclined, as at {7. Fur-
thermore these inclined faces {7 prevent solid
matter from wedging between the blades and the
walls of the hole.

While the preferred construction of the bit is
above described, it is obvious that various modi-
fications may be made in the combinationg and
arrangements of parts without departing from
the invention as set forth in the following claims:

We claim:

1. A drill bit of the class described including
four parallel depending outer diametrically op~
bosed drag blades, the lower ends of which are
Torwardly and downwardly inclined in the direc-
tion of rotation of the bit, a shaft fixed in two
of said diametrically ‘opposed blades, a pair of
frusto-conical cross cutters rotatably mounted on
said shaft, and tapering inwardly toward the
axis of rotation of the bit, and flushing fluid
ducts in the other two of said drag blades ter-
minating in ports on the Innner faces of said
blades adjacent the lower ends thereof, substan-
tially as described.

2. A drill bit of the class described including
four parallel depending outer diametrically op-
bosed drag blades, the lower ends of which are
forwardly and downwardly inclined in the direc-
tion of rotation of the bit, a shaft fixed in two
of said diametrically opposed blades, a pair of
frusto-conical cross cutters rotatably mounted
on said shaft and tapering inwardly, and flugh-
ing fluid ducts in the other two of said drag
blades terminating in ports on the inner faces of
said blades adjacent the lower ends thereof, said
ports being angularly arranged with relation to
the radius of said bit.

3. A drill bit of the class described including
four parallel depending outer diametrically op-

tion of rotation of the bit, 4 shaft fixed in two
of saiq diametrically opbosed blades, a pair of
Irusto-conical eross cutters rotatably mounted
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on said shaft and tapering inwardly, flushing
fluid ducts in the obher two of saig drag blades
terminating in ports on the inner faces of said
Plades adjacent the lower ends thereof, said ports
being angularly arranged to extend angularly
forwardly with relation to the radius of the bit
to project jets of fluid inwardly and toward the
direction of rotation of the hit. :

4. A drill bit of the class described including
four parallel depending outer diametrically op-
bosed drag blades the lower ends of “which are
downwardly and forwardly inclined in the direc-
tion of rotation of the bit, 5 shaft fixed in two
of said diametrically obbosed ‘blades; a pair of
frusto-conical crosg cutters rotatably mounted
on said shaft.ang tapering inwardly, flushing
fluid ducts in-the other two of saig drag bladeg
terminating in ports on the inner faces of said
blades adjacent the lower ends thereof, said ports
being inclined slightly downwardly and angularly
arranged with relation to the radius of the hit

said frusto-conical Cross- cubters to broject Jets
of fluid downwardly thereon,
5. A drill bit of
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