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REPLACEABLE DRILL BIT
Lothrop L. Brown, Jr., Long Beach, Calif.
Api)licaﬂon September 3, 1957, Serial No. 681,514
4 Claims. (CL 255—76) ‘

This invention relates to well drilling apparatus and
more particularly to an improved self-aligning -drill bit
Wwhich is replaceable while the drill string remains in the
hole. . : :
_-In the drilling of oil wells and other bore holes deep
i the earth considerable time is lost in the drilling opera-
tion due to the time required to periodically change the
drill bit. That is, when the bit has been dulled or when
a different bit is required due to- change of formation,
it is necessary in the present state of the art to make
4 complete irip out of and into the hole. Thus, in order
to change-the bit all of the drill pipe must be removed,
4 different bit installed at the end of the string, and the
string replaced in the hole. The disadvantages of such
an operation are obvious especially considering the length
of time involved in a trip into a hole of considerable
_depth; :

. Accordingly, it is an object of the present invention
to provide a well drilling bit apparatus which can be
placed at and removed from the bottom of a drill string
without removing the drill string from the hole.

It is another object of the present invention to provide
a. drill bit apparatus which can be placed in the drill pipe
at the surface of the hole and will descend down the
drill pipe and be affixed in drilling position at the bottom
of -the string.

It is a further object of the present invention to pro-
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vide a drill bit apparatus which can be released from .

drilling position and removed from the drill string from
the surface of the hole without removing the drill pipe
from the hole. :

. It is a still further object of the present invention to
provide a drill bit apparatus which may be inserted into
drilling position and removed therefrom through the
dril] pipe but which bores a hole having a-diameter great-
er than the outside diameter of the drill pipe. ’

Still another object of the present invention is to pro-
vide a bottom hole replaceable drill bit apparatus which
will maintain a straight or axial direction of drilling
without lateral drift or ‘wandering at the boftom of the
hole.

‘A replaceable drill bit apparatus in accordance with
the present invention comprises a drill bit of fixed diam-
eter which diameter is less than the inside diameter of the
drill pipe to which the bit is to be attached. The drill
bit is affixed to a generally cylindrical body having a di-
ameter less than the inside diameter of the drill pipe.
The drill bit body carries a plurality of reamer cutters
which are retractable into the body to a diameter equal
to or less than the diameter of the bit. The reamers
are expandable to a diameter equal to the diameter of
the hole being drilled. -Means are provided for engag-
ing the drill bit body with the drill string by allowing the
apparatus to descend downward within the drill string.
The' drill bit apparatus is engaged such that the body
is non-rotatable and immovable with respect to the drill
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string and such that the bit and reamers extend below
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the bottom of the drill string in drilling position. Means
are also provided for releasing the drill bit body from
such engagement and retrieving the drill bit apparatus
through the drill string, ,

The novel features which are believed to be character-
istic of the present invention, both as to its organization
and method of operation, together with further objects
and advantages thereof will be better understood from
the following description considered in connection with
the accompanying drawing. It is to be expressly under-
stood, however, that the drawing is for the purpose of
illustration and example only, and is not intended as a
definition of the limits of the invention.

Figure 1 is a longitudinal view partly in section show-
ing the drill bit apparatus in drilling position engaged
with the drill string in a drill hole;

Figure 2 is a partial view corresponding to Figure 1
of the longitudinal retaining means in the released con-
dition with the retrieving means in operable position;

" Figure 3 is a sectional view taken along line 3—3 of
Figure 1; and

Figure 4 is a sectional view taken along line 4—4 of
Figure 1;

Figure 5 is a sectional enlarged partial view of a
reamer as affixed to the body.

Referring now to the drawing and particularly to
Figure 1, a presently preferred embodiment of the pres-
ent invention comprises a removable drill bit body 10
which is hollow and substantially cylindrical in configu-
ration. The largest diameter of the body 10 is substan-
tially equal to, but less than, the inside diameter of the
drill pipe which is used to make up the drill string. A
tubular body 11 into which the drill bit body 10 is en-
gageable, as described hereinafter, is generally vertically
disposed with a customary upper threaded box 12 into
which may be screwed a service or tool joint for con-
nection of the drilling apparatus at the end of the drill
string 16. The tubular body 11 has inside and outside
diameters substantially equal to the inside and outside
diameters of the drill pipe 16 and has a plurality of
radially extending protrusions 18, described in further
detail hereinafter, which have a radius substantially equal
to the radius of the hole being drilled. Thus, the outer
surface 19 of the protrusions 18 as shown in Figures 1, 2
and 3 bear against the wall of the hole and act as a guide
bearing to maintain the bit in axial alignment during
rotation.

The drill bit body 10 is slidably mateable with the
tubular body 11 and means are provided for preventing
relative rotation between the bodies when the drill bit
is in the operative position as shown in Figure 1. Non-
rotating interengagement is obtained in this embodiment
by forming the drill bit body 10 in two sections, the upper
section 20 and the lower section 21. The upper section
20 is tubular with an outside diameter substantially equal
to the inside diameter of the tubular body 11 and has a
partially closed upper end 23 to which a grappling cone 24
is affixed: A plurality of openings 25 are provided
through the end 23 of the body section 20, or the end
surface is formed as a spider, to allow the free circula-
tion of fluid through the end 23 and into the drill bit
body 10. The end surface 23 of the upper body section
20 is positioned proximate the lower end of the protru-
sions 18 and the body section 20 extends downward to a
position a substantial distance above the lower end 26
of the tubular body 11. - The lower end of the upper body
section 20 is serrated or otherwise formed to provide a
series of serrations 27 which extend around the circum-
ference of the body 20. The serrations 27 of the body
are tapered and are mateable with a like series.of serra-
tions 28 formed upon the upper surface of a collar 29
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which ‘is affixed “to ‘the “ittner ‘surface of ‘the “tubular ‘body
11 beneath the upper section 26 of the drill bit body 20.

The lower section 21 of the drill bit body 16 is affixed
to "the upper :section 20 ‘in *this ‘emibodiment 'by -forming
the “outside .Uiameter 'of the ‘lower. section ‘egiial ‘to fthe
inside dianteter -of ‘the -upper section ‘and ‘collar 29 along
a longitudinal distance of reduced ‘wall ‘thickness of ‘the
uppei 'section. Thus, ‘a substantidl ‘tength ‘of ‘the ‘lower
section 21 forms a slip ‘fit partidlly into ‘the ‘upper section
to a shoulder 31 ‘formed by ‘the reduced ‘wall thickness.
The “lower "section 21 is wffixed to ‘the -upper ‘section by
welding -or ‘other ‘medns known ‘to ‘the -art, such ‘that up-
ward forces ‘or rotational forces on the lower section
21 -are ‘tramsmitted ‘to ‘the ‘upper section through the
welling and‘the shoulder 31. The upper end of ‘the low-
er body section is pariidlly closed fand ‘is “provided ‘with
means for restricting the flow of fluid therethrough. That
is, #in ‘this embodiment 'a flapper valve of the type well
known to the art is provided to allow the free ‘flow of fluid
in ‘the -downward ‘direcfion, 'but to restrict the flow of
fluid in *the ‘upward direcfion. “Thus, -a hinged plate 33
is affixed at ‘the upper end -of the lower ‘section 21 by
means -of a hinge 3% ‘and 'a lock ring ‘34. Openings
45 of a predetermined diameter are provided through the
plate ‘to allow :the restricted flow of fluid upward through
the plate. During the free descent of the body 18 through
a column of ‘fluid within ‘the -drill string, as described
hereinafter, the flow of fluid *through the interior 35 of
the body 19 will close the flapper plate 33 ‘to -allow fluid
flow. through ‘the -openings ‘only, to ‘govern the rate .of
descent 'of the body. However, if ‘the body is raised with-
in-the drill string through a column of fluid the rela-
tive direction -of fluid flow ‘through the ‘body is downward
and the flapper ‘will ‘be opened to allow free fiow -of fliid
through the ‘upper -end of ‘the lower section 2% -and thus
through the body 10.

In the assembled position of the upper body ‘section
20 and lower ‘body :section 21 the wall thickness of the
lower 'section is increased sufficiently to provide -a mount-
ing'means for a pilot bit 40 and a pair:of retractable ream-
er cutters 41 :and 42. Thus, from a longitudinal posi-
tion ‘proxithate -the Tower end 26 of ‘the tubular body
11 the lower body ‘section 21 becomes a substantially
solid ‘cylindrical ‘body provided, ‘however, with a fluid
flow ;path 43 extending ‘to the wpilot bit and -a fluid by-
pass path which is two fluid -perts 44 in this embodiment.
Thus, referring to ‘Figures'1.and 4, -a pilot bit-49 of the tri-
cone roller bit ‘type is ‘affixed -at the lower -end ‘of the
lower -bedy section. The bit is ‘of the type well known
to the art and is of fixed boring diameter. The diam-
eter -of 'the bit which is used is substantially equal to
the inside diameter -of the eollar 29 and is less than the
inside diameter of the drill string 16. The fluid path
43 through the lower body section communicates with
the fluid ports of -the bit to furnish circulation fluid to
the bit in the manner well known to the art.

A pair of diametrically opposed pockets ‘or recesses
46 are provided 'in the lower body section 26 above the
bit 40 to accommodate the retractable reamer cutters
41 -and 42. That s, a pair of roller reamer cutters
of the type well known to the art are pivotally mounted
in ithe body upon the mounting pins 47 which are piv-
otally affixed to the body. The reamer cutters 41, 42
are freely rotatable :about the respective shafts 48 which
are in turn affixed to the mounting pins 47 for pivotal
movement with respect to the body. A ball bearing 49
is ;positionetd -at the ‘end of each shaft 48 to act as a
roller and thrust bearing with respect to the cutter and
shaft -to insure :free rotation. The reamers are affixed
rotatably upon the -respective shaft 48 by means such
as 'the set screw 48.1 which extends radially through
the wall of the ‘reamer and-into a circumferential groove
48.2 :in 'the shaft 48. The reamers ‘are mounted upon
the :mounting pins to -extend radially and to cut to the
diameter of the well bore being drilled. Thus, the
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reamer “cutters -extend ‘the -diameter of the well ‘bore
from that drilled by the pilot bit 40 to the full required
hole diameter 50. Means are provided to yieldably
urge the reamers to the outward cutting position as
shown in Figure 1. Spring, hydraulic, or torque means
of the type known to the art may be used to urge the
reamers outward although ‘in this. embodiment springs 51
are used. A shield 52 is affixed to the reamer mount-
ing means to substantially enclose ‘the ‘reamers in the
retracted position -and ‘to furnish a means -for retracting
the reamers when the drill bit body 10 is within the
tubular *body 11 -or ‘the drill string 16. The pivot point
of the reamers are positioned within ‘the body such that
when the reamers are pivoted downward and into the
recesses 46 the reamers and shields are completely con-
tained within the diameter of the drill bit body 10 in
order that they can pass through the drill string. Thus,
the reamers ‘are Tétractable to a diameter less than the
inside diameter of the .drill 'string. A downwardly and
outwardly ‘extending taper 53 is formed on the lower
inside edge of the collar 29 to provide a retracting
force mpon the ‘reamers when the ‘drill bit body is with-
drawn ‘upward through the ‘tubular body as described
hereinafter. At the fully expanded position of ‘the Team-
ers the reamer dssembly ‘is in bearing contact with the
body 10 at the ‘shoulder 54 which ‘restricts the reamers
to ‘a substantially transverse plane 'and transmits any
load ‘upon the reamers to the body.

Means are provided for engaging the drill ‘bit ‘body
10 within the tubular body 11 to prevent relative Iongi-
tudinal movement ‘of the drill bit apparatus when in
the assembled and ‘operative ‘condition ‘shown ‘in Fig-
ure 1. Thus, referring to Figures 1, 2 ‘and 3, the ‘pro-
trusions 18 define chambers 55 extending radialty be-
yond ‘the inside :diameter ‘of ‘the tubular ‘body 11 ‘and
above ‘the upper ‘end 23 ‘of the drill bit body 10. A
plurality -of holding -devices are positioned within the
chambers to form longitudinal locking means which
can be disengaged. Tn the embodiment shown a lock~
ing lever ‘56 is pivotally ‘mounted in each protrusion.
The lever is ‘of ‘substantial ‘weight and is of such length
as to be ‘mateable ‘with an engaging shoulder 57 ‘at the
upper end 23 of the drill bit body in the assembled
position. Means are provided for wmrging the levers
radially inward at the lower end thereof to the latching
position, 1In :this embodiment the weight of the lever
is used to achieve this movement by pivoting the lever
at a point radially inward of the vertical -centerline of
the lever. That is, ‘each lever is pivotally mounted upon
a mounting pin 58 positioned proximate the upper ‘end
of -the lever but to -the radially inward side of the longi-
tudinal centerline ‘of ‘the lever. Thus, ‘the weight ‘of
the lever will force the lowei end of the lever inward
to the éngaging position shown in Figure 1.

The means for retrieving the drill bit apparatus 4s
shown in the non-engaged position in Figure 1 and in
the engaged position in Figure 2. The retrieving grap-
ple 60 comprises a cylinder substantially open at the
lower-end ‘and closed at the upper end but provided with
fluid flow openings ‘61 at ‘the upper end. The cylinder
has an ‘outside diameter substantially ‘equal to the in-
side diameter of ‘the tubular body 11 and an inside
diameter sufficient to pass over the grappling ‘cone 24 on
the drill bit body 10. A cable 59 is attached to the
upper end of the grapple to rétrieve it from ‘the drill
string. A ‘pair of spring loaded ‘grappling arms 62
are pivotally mounted within the grapple cylinder sub-
stantially symmetrical about the centerline -of the grap-
ple. The grappling arrms are substantially mateable with
the cone 24 and are spring loaded by a spring ‘64 in ‘ten-
sion which murges the arms together to a closed posi-
tion as shown in Figure 3 in which the fingers ‘65 -are
in ‘vertically ‘holding -contact with the grappling surface
66 -of the cone 24.

Thus, in operation, referring to Figures 1 and 2, to
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remove the drill bit apparatus from the assembled and
drilling position shown in Figure 1, the grapple 60 is
lowered on the cable 59 ‘into the drill string. As the
grapple moves downward fluid flows through the -fluid
openings 61 to allow downward progress. The grapple
passes beyond the protrusions 18 such that the outside
diameter of the grapple cylinder forces the locking lev-
ers 56 outward and moves the levers out of engage-
ment with the drill bit body 10. As the grapple arms
62 tongs strike the inclined surface of the cone 24 they
are forced outward against the action of the spring 64.
Further downward movement of the grapple and tongs
allows the fingers 65 to pass beyond the inclined face
of the cone and to be pulled inward by the spring 64
to engage the grappling surface 66 of the cone as shown
in Figure 2. The cable is then raised to raise the drill
bit apparatus out of the hole. As the drill bit body 10
is raised the reamer assemblies, i.e., the reamer shields
52 strike the lower end of the tubular body 11 and are
forced inward against the action of the expanding springs
51 by the tapered surface 53 on the collar 29. As the
drill bit body continues to be raised the reamers are thus
retracted into the recesses 46 at a diameter less than
the inside diameter of the tubular body 11 and the drill
string 16. ‘Thus, the entire drill bit body 19, including
the bit 40 and reamers 41 and 42, will pass upward
through the drill string. During upward passage of the
drill bit body the flapper plate 33 pivots downward to
allow free passage of the drill bit apparatus through
fluid in the drill string. Thus, the drill bit apparatus is
raised through the drill string to the surface of the hole.

In order to place the drill bit apparatus in the operative
position the drill bit apparatus with the reamers retracted
is placed in the drill string at the surface of the hole with
the gripple 60 removed from the string. The drill bit
body 10 is allowed to fall freely down the drill string
which contains circulation fluid. As the drill bit appara-
tus falls within the string the flapper valve 33 closes by
pivoting upward and fluid must pass relatively upward
through the body by passing through the openings 45 in
the flapper plate. Since the openings are somewhat re-
strictive the descent of the apparatus will be at a con-
trolled rate. As the drill bit body 10 falls into the posi-
tion shown in Figure 1 the reamers pass beneath the end
of the tubular body 11 and are free to move outward to
the expanded position and will be forced outward by the
progress of the pilot bit 40 as the hole is drilled. When
the body 10 reaches the position of Figure 1 the serra-
tions 27 on the body 10 and the serrations on the tubular
body 11 will mate and prevent relative rotation of the
drill bit body 16 within the tubular body 11. Similarly,
as the upper end 23 of the body 10 passes beneath the
locking levers 56 the levers will pivot inward at the lower
end to engage the drill bit body 10 and prevent relative
longitudinal movement of the drill bit body within the
tubular body 11. The drill bit apparatus is thus in the
assembled drilling condition. The drill string is then
rotated to bore the required hole. The pilot bit 40 will
drill a pilot hole 30 which is expanded to the desired
full hole diameter by the following reamer cutters which
have been forced to the fully opened position. The oper-
ation utilizing a pilot bit followed by reamer cutters
directly above will maintain the axial alignment of the
hole being drilled and prevent the lateral drift or wan-
dering a hole bottom which is encountered when a single
bit is used. In addition, the protrusions 18 have a bearing
surface 19 equal to the hole diameter 50 which bear upon
the sides of the hole to act as an alignment bearing above
the drilling apparatus to further insure aligned and
straight progress of the drilled hole.

While the present invention has been particularly de-
scribed in connection with the method of drilling wherein
the drill string is rotated it is equally applicable to the
method of drilling wherein the drill string remains sta-
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tionary while the drill bit is rotated by means of a turbine
or the like contaitied within the drill bit body. ‘

" 'Thus, what has been disclosed is an improved drill bit
apparatus which can be inserted into and removed from
a drill string in a well bore without removing the drill
string from the bore. The apparatus of the present in-
'vention further insures true alignment of the hole to be
drilled without lateral drift from the axial course desired.

What is claimed is:

1. A replaceable drill bit apparatus to be affixed at the
end of a tubular drill string comprising: a substantially
vertically extending tubular body, said body being affixed
at the lower end of said tubular drill string substantially
‘coextensive. therewith; a generally cylindrical drill bit
body removably engaged within said tubular body extend-
ing a substantial distance below the lower end thereof,
said drill bit body having an outside diameter less than
the inside diameter of said drill string and said tubular
body; a drill bit of substantiaily fixed diameter affixed at
the lower end of said cylindrical body, said fixed diameter
being less than said inside diameter of said drill string
and said tubular body; a plurality of retractable reamer
cutters affixed to said drill bit body below said tubular
body, a plurality of mounting shafts upon which said
cutters are mounted, means for pivotally affixing said
shafts upon said drill bit body whereby said cutters are
expandable to a desired diameter of the well to be bored,
which diameter is greater than said fixed diameter of said
drill bit, said reamer cutters being retractable to a diam-
oter less than said inside diameter of said drill string and
said tubular body; and a plurality of protrusions extend-
ing radially outward from said tubular body to a diam-
eter substantially equal to said diameter of the well, a
releasable engaging lever in each of said protrusions,
whereby said levers affix said drill bit body against rela-
tive longitudinal movement with respect to said tubular
body when said drill bit body is in said releasably engaged
position, means for releasably affixing said drill bit body
against Telative rotational movement with respect to said
tubular body, and means for releasing said levers and
grappling said drill bit body from the surface of said well.

2. The apparatus of claim 1 wherein said releasing and
grappling means includes a conical protrusion extending
from the upper surface of said drill bit body, said conical
protrusion being upwardly convergent and having an en-
gaging shoulder therein, a grappling means, said grap-
pling means including a substantially tubular body, said
grappling body having an ontside diameter substantially
equal to, but less than the inside diameter of said tubular
body, spring loaded tongs within said body, whereby said
body disengages said levers and said tongs engage said
protrusion, and a cable affixed to said grappling body ex-
tending from said surface.

3. A replaceable drill bit apparatus to be affixed at the
end of a tubular drill string comprising: a substantially
vertically extending tubular body, said body being affixed
at the lower end of said tubular drill string substantially
coextensive therewith; a generally cylindrical drill bit
body removably engaged within said tubular body ex-
tending a substantial distance below the lower end there-
of, said drill bit body having an outside diameter less than
the inside diameter of said drill string and said tubular
body; a drill bit of substantially fixed diameter affixed
at the lower end of said cylindrical body, said fixed di-
ameter being less than said inside diameter of said drill
string and said tubular body; a plurality of retractable
reamer cutters affixed to said drill bit body below said
tubular body, a plurality of mounting shafts upon which
said cutters are mounted, means for affixing said shafts
upon said- drill bit body whereby said cutters are expend-
able to a desired diameter of the well to be bored, which
diameter is greater than said fixed diameter of said drill
bit, means for biasing said cutters to said expanded posi-
tion, said reamer cutters being retractable to a diameter
less than said inside diameter of said drill string and said
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tubular body; and a plurality of protrusions extending
tadially ‘outward from: said tubular body to a diameter
substantially equal te said: diameter of the well bore, a
releasable engaging lever in -each of said protrusions,
whereby said levers affix said drill bit body against rela-
tive: longitudinal movement with respect to said tubular
bedy when said drill bit body is in said releasably en-
gaged position, means for releasably affixing said drill bit
body- against relative rotational movement with respect
to said tubular body, and means for releasing said: levers
and grappling said drill bit body from the surface of said
well.

- 4, The apparatus of claim 3 wherein said releasing and
grappling means includes a- conical protrusion extending
from the uppér surface of said drill bit body, said conical
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protrusion: being upwardly convergent. and having an. en-
gaging shoulder therein, a grappling means, said grap~
pling means including a substantially tubular body, said
grappling body having an outside diameter substantially
equal to, but less than the inside diameter of said tubular
body, spring loaded tongs within said body, whereby- said
body disengages said levers and said tongs- engage said
protrusion, and a cable affixed to said grappling body
extending from said surface.
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