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‘This invention relates generally to well drilling_ .
equipment, and more especially to rotary drilling
tools of the type used to drill or underream oil
wells. : ' h
After a string of casing has been set in the
the bit next used is limited by

well, the size of

_the size of the casing through which the bit is

10

lowered, and for this reason the hole drilled be-
low the casing with a conventional bit can be
“no Iarger than the casing internal diameter, and
often ‘is smaller. Because of the considerable
clearance between the formation and the casing

" required for cementing and to pass the pipe

15

joints, the size of casing that can be set in a hole
is considerably smaller than the hole diameter,
and frequently is for this reason smaller than
the largest that can be passed through casing al-
ready set. Even if the lower portion of the hole
be but slightly larger than the casing diameter
above it, it proves of great advantage since such’
enlargement will often permit the use of the next
larger size of casing, perhaps the largest; which
will pass through the casing already in place, to

. obvious. advantage.

26

It is desirable to keep the hole as large as pos-
sible, because otherwise the necessary decrease in
size after each string of ‘tasing is set will soon
reduce the hole to an impracticably small diam-
eter. 'To enlarge the hole beneath casing, use is

go generally made of underreamers which in nearly
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every instance have moving parts that make
them expansible. Construction of such a tool
is complicated and expensive, requires the use
of small parts unable to withstand the abuse of
hard drilling, and produces a tool which is usually
efficient only for underreaming and will not drill
new_ hole to an oversize, '

A tool which will both underream and drill
new hole to the same size offers marked advan-
tages in that it is more adaptabie to all condi-
tions, and reduces the number of different tools
required. In -addition to enlarging previously
drilled hole, with such a tool a hole can be
initially ¢rilled to the full size desired then casing
can be set without the necessity of underreaming
and its attendant costs when performed as &
separate operation.”

It is therefore a general object of my invention
to provide a non-expanding bit which can pass
down through a casing of given size and drill a
hole larger than the.casing internal diameter.
Since such a hole is Iarger than can be diilled

.” with conventional bits of the same nominal size

65

and is larger than the minimum bit diameter as

(CL 255--171)

limited by the casing, the hole is herein termed
an ‘“oversize” hole. '

It is also an object of the invention to make
a bit that can be used for underreaming in a
previously drilled hole, as well as drilling an §
oversize hole in the first instance. - :

It is & further object to provide a bit that is

- simple and rugged in construction, and free from

small movable parts that may become jammed or
broken. ! : :

These objects are accomplished in a bit con-
structed according to my invention by rotatably
mounting the cutter on an inclined axis and
making the cutter non-circular in outline, prefer-
ably oval, relative to its axis of rotation so that 15
in oue position the vertical projection of the
cutter falls within the circle determined by the
casing diameter and in a second position, reached
by rotation about the inclined axis, the projection
of the bit lies partially outside of the casing so 2o
that. cutting edges of the tool are effective at
points beyond the casing and beyond the pro-
jection of the first position. Since the cutting
edges are now effective beyond a circle of the
casing diameter, the bit drills an oversize hole 925
of a diameter greater than the casing interior
and equal to the greatest horizontal component
of the cutter dimensions. The bit has cutting
edges which. attack both the bottom and sides
of the hole, so that it will underream a hole or 3¢
drill a new one to an oversize. -

Although the improvements of the present in-
vention are applicable generally to bits having
rotary cutters, for convenience of disclosure I °
show and describe the improvements as embodied 35
in a bit of the type shown in miy prior Patents
Nos. 1,758,773, 1,758,814, and 1,758,875, all issued
May 13, 1930 although I am not thereby to be
limited to that type of bit. .

How the above and other objects are accom- 40
plished will be better understood from the follow-
ing description and annex: 1 drawings, in which:

Fig. 1 is an elevation of a diagrammatic drill
bit .embodying my invention, with the -cutter in
position to pass downwardly through a section 45

10

. of casing;

Fig. 2 is a diagrammatic view similar to Fig. 1
with the cutter rotated a quarter revelution on
the shank; e

Figs. 3 and 4 are diagrammatic reflected bot- 50
tom views of Figs. 1 and 2, respectively;

Figs. 5. and 6 are diagrams illustrating the
development of theoretical maximum tooth out-'-
lines of the cutter illustrated in Figs. 7-9; :

Fig. 7 is a vertical view, partially in elevation 65
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and partially in section, showing a bit constructed
in accord with my invention passing downwardly
through a section of casing;

Fig. 8 is an elevation of the bit of Fig. 7 as
viewed from the left of that figure but with the
cutter rotated a quarter revolution relative to the
shank; and

Fig. 9 is a fragmentary semi-section of the
cutter alone taken on axis C—C of Fig. 7.

The first four figures illustrate diagrammati-
cally a bit constructed to embody the general
principles of my invention. The bit comprises a
shank 20 having a suitably inclined bearing por-
tion 21 upon which is rotatably mounted a cutter
22, The cylinder 22 representing the cutter is
not intended to indicate a particular type of cut-
ter but is a representation of that solid figure
which shows the limiting outline of the cutting
edges or teeth upon any suitable cutter body.
The cutter is here illustrated as a cylinder of a
diameter but slightly less than the intérnal diam-
eter of casing 25 so that when the cylinder is in
the position of Fig. 1 with its side walls vertical
it will pass downwardly through the casing with
a small clearance (see also Fig. 3).

If, after the bit has been lowered through the

" casing, the shank is rotated, relative rotation be-
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tween the cutter and shank will occur since the
cutter will be retarded by frictional engagement
with the earth so that it will not turn with
the shank, During this relative rotation be-
tween the cutter and shank, the cutter revolves
about the inclined axis of bearing 21, and when
rotated clockwise 90 degrees, as viewed from
above, from the position of Fig, 1 the cuiter as-
sumes the position of Fig. 2. This rotation has
tilted the cutter, thus raising a lower corner

and depressing an upper corner, to bring diag--

onally opposite corners of the cutter into the
same horizontal plane. When in this position,
the vertical projection of the cutter taking the
outline at this horizontal plane is an ellipse, as
indicated in Fig. 4, the minor diameter of which
is equal to the diameter of cylinder 22 and the
major diameter equal to the diagonal dimension
'of cutter 22; and it is therefore obvious that the
maximum over all horizontal dimension of the
cutter will be greater when in the tilted position
of Fig. 2 than when in the position of Fig. 1.

In general, it is not necessary that the greatest
dimension of the cutter become itself exactly hori-
zontal, for its projection on a horizontal plane de-
termines the hole diameter; and it is sufficient to
drill an oversize hole that the horizontal com-
bonent of the greatest cutter dimension change
tts effective length as a result of a change in in-
clination of the maximum cutter dimension.

Continued rotation of the shank will eause con-
tinued rotation of the cutter relative to the shank
and to the ground. Continuing to view the shank
as in Fig. 2, a quarter-turn clockwise of the cutter
from the position of Fig. 2 will bring it into the
dotted line position 22¢ of Fig. 1, and another
quarter turn (270 degrees from Fig. 1) will again
tilt the cutter as in Fig. 2, but the inclination of
the cutte will be opposite to that shown. As the
cutter is revolved in the hole, twice during each
revolution relative to the shank it will occupy the
tilted position in which it has a maximum hori-
Zontal dimension; and it is obvious that such
movement of the cutter will produce a hole hay-
ing a diameter at least approximately equal to
the major diameter of the ellipse formed either
by a vertical projection of the tilted cutter 22 (as
in Fig. 4) or by passing a plane horizontally

‘2,118,820
through the diagonally opposite corners which

are in contact with the walls of the bore. This
hole will have g diameter greater than the internal
diameter of casing 25, as shown.

As illustrated in Fig. 3, the cutter 22 has g
bosition relative to the shank in which the cutter
periphery, when vertically projected, forms a cir-
cle, all points of which are within casing 25. The
cutter also has a second position, as shown by
Figs. 2 and 4, in which the vertical projection of
the cutter is non-circular, it being an ellipse,
or very similar to one, and points on the cutter
have been extended beyond the casing so asto
fall outside a circle of the internal casing diam-
eter. Since the size of the hole produced will
be determined by those parts of the cutter which

-extend farthest outwardly, it is clear that the

cutter will drill an oversize hole, 1. e., a hole of
greater diameter than the nominal or minimum

" diameter as measured in Fig. 1, and that the

cutter may be lowered through the casing into
a hole of the same diameter as the casing and
used to ream or enlarge this hole to an over size.

Whether reaming an old hole or drilling a new
one, the enlarging action. of the cutter is caused
by the opposite sides of the cutter digging away
the hole wall at opposite sides. If the cutier did

‘not revolve in the hole, an elliptical hole would

be produced, but as the cutter revolves in a hori~
zontal plane the walls are cut away on all sides
and a substantially round hole of oversize diam-
eter is produced.

A section through the cutter on a plane perpen-
dicular to the inclined axis of rotation is an
ellipse, and in general may be termed non-circu-~
lar, with cutting edges around the periphery. As
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& result of the cutter rotation about its inclined -

axis, the cutting edges extend .varying distances
from the shank axis which is shown as coincident
with, the center line of the casing. 'The combina-
tion of this-non-circularity of the cutter, i. e.,
the location of cutting edges at varying distances
from the cuiter axis, together with the inclina-
tion of bearing 21, produces a motion which
moves the cutting edges through points at vary-
ing distances from the shank axis so that the
cutter can at one time occupy a position in which
all of its points lie within the casing or a circle
of the casing internal diameter and at another
time occupy a second position, reached by rota-
tion about its own axis, in which these same points
will be extended outwardly so as to fall outside of
the circle represented by the casing internal di-
ameter. : .

I shall now explain the application of my in-

" vention to a particular type of drill bit, as illus-

trated in Figs. 7-9 inclusive, This general type of

bit has been made the subject matter of prior

applications which have matured into my patents
enumerated above, and consequently no detailed
explanation of the bit and its cutting action is
considered necessary here since reference may
be had to said patents for this purpose. How-
ever, a brief description of the structure of the
bit will now be given.

The bit generally comprises a shank 30 that is
attached to a drill collar 31 and that terminates
at its lower end in bearing portion 32, which is
suitably inclined, preferably at or about 30°, as
indicated by axis C—C in the drawings. Bearing
portion 32 is internally threaded at 33 to receive
thrust bearing 34 which cooperates with shank
portion 32 to provide a bearing upon which cutter
35 is rotatably mounted. The interior of shank
30 is provided with water course 38, and thrust
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bearing 34 is likewise provided with a central
water course 39 through which circulation fluid
.passes. As an aid to lubrication, by-pass 40,

leading from water course 39, is provided to com- .

municate with the two annular passages &1 and
#2 so that circulating fluid may reach the bearing

> faces of the cutter body and the inclined bearing. -

The body of cutter 35 is generally bowl shaped

and is placed on the shank by moving it axially

10 over the thrust bearing 34, and It is then re-

tained in position by means of a plurality of ball

bearings ‘44 which fit within annular ball race

46 cut partly in the shank and partly in the cut-

ter body. These balls are inserted and removed

15 from the ball race through a notch cut in the

shank, said notch being filled by lock member a7,

held secured by cap screw 48, to prevent dis-
placement of the balls through the notch.

In Fig. 7 the inclined axis C—C is the axis

20 about which the cutter rotates relative to the

shank. Axis C—C and the vertical axis D—D

of the shank intersect at O, through which is

- passed a reference plane A—A perpendicular to

axis C—C. For convenience of -reference, teeth

25 50 below plane A—A will be referred to as dig-

-ging teeth, since they contact the bottom of the

hole, while the teeth 51 above plane A—A will

_ be referred to as reaming teeth, since they con-

- tact the sides of the hole. It has heretofore been

30 -customary in bits of this type to have all teeth

follow an approximately spherical outline with its

center at O, as indicated by dotted line 52; and

it will be realized that when such is -the case

the tooth outline on any section perpendicular

35 either to axis C—C or the vertical axis D—D

is circular, and that the cutter will pass down-

wardly through the casing without reference to

any particular position of the cutter relative to

the shank, since any horizontal section of the

40 casing 36 will be circular.

An inclined section through the casing 36 will

be elliptical; and consequently, as has been ex-

plained above, the cutter may have an elliptical

. section on an inclined plane, such as plane A—A,
45 and still pass downwardly through the casing
with a small clearance all the way around. A
section on plane B—B parallel to A—A, bub
spaced above it as indicated to pass through the
points of the top reaming teeth, will also be gen-

go erally elliptical in shape, but since axis C—C
" does not bisect the casing outline in the plane
B--B, the major axis of the ellipse will be per-
pendicular to the plane of the drawing instead

. of parallel as in plane A—A, as will be now ex-
55 Dlained. :

Figs. 5 and 6 are diagrams showing the ‘de-

velopment of theoretical maximum. outlines of
the cutter teeth as determined by the inner cas-

. ing surface, and with the aid of these diagrams
60 I shall now explain the development of the lim-
iting surfaces beyond which the cutter teeth will
interfere with the casing. In practice, the actual
tooth outlines are slightly smaller than the theo-
retical maximum to allow necessary clearance

65 between teeth and casing. If parallel vertical
lines 36a represent the inner surface of casing
36, then circle 55 with its center at O repre-
sents a plan of the casing inner surface. In
plane A—A, the minor diameter of the ellipse

70 Trepresenting the maximum tooth outline is equal

to the diameter of circle §5; and the major diam-~
eter of that ellipse will be equal to the distance
on line A—A between the intersections of that
line with the two parallel lines 36a. Laying off
76 this major diameter horizontally and the minor

3

diameter vertically in Mg. 5, there is then de-
veloped ellipse 51 which also represents the out-
line of the casing inner surface where intersected
by plane A—A or one parallel thereto.

The maximum tooth outline in plane B—B is
defived in Fig. 5 by passing vertical line 58
through the intersection P of lines (planes) B—B
and C—C, and extending the line until it inter-

sects circle 55 at two points. The length of line.

58 between the two intersections with circle §5
represents the diameter of the tooth outline per-
pendicular to the plane of Fig. 7. That portion
of circle 55 to the right of line 58 represents a
vertical projection of the right hand half of the
outline, the other half of the outline being com-
plementary and symmetrical about line 58. The
slant ‘length along plane B—B from P to R, the
intersection with line 36a, is the semi-diameter
of-the ellipse in plane B—B. Next the distance
P—R is laid off inwardly from the ellipse 57,
along the horizontal in Fig. 5 and line 58a drawn

- at right angles through the end of the distance

laid off. When 58a is extended to intersect ellipse

10
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20

571 at two points, then that portion of ellipse 51 -

to the right of line 58a represents the right hand
half of the tooth outline in plane B—B, the left
hand half of this outline being complementary
and symmetrical about line 58a. Since the di-
ameter represented by line 38 is longer than the
diameter at right angles thereto (two times
P—R), it is seen that the major axis of the tooth
outline in plane B-—B is rotated 90 degrees from
the major axis of the tooth outline in the plane
A—A. Since the tooth outline in the plane B—B
is only approximately an ellipse, the tooth out-
lines are better “termed ovals, since this term
includes approximately. as well as theoretically
elliptical figures. .

. Having determined the Hmiting outlines in
planes A—A and B—B, the vertical profiles will

" now be determined. -Returning to Fig. 7, it will

be seen that during their travel, reaming teeth
51 approach the casing most closely when they

_are on the lower side of the cutter, that is, when

they occupy the right-hand position of Fig. 7.
Consequently the vertical outline of the teeth
will be determined by the maximum permissible
length ‘of the teeth when in this position. In
this position, the extreme right-hand points on
the tooth outlines of planes A—A and B—B are
in a vertical line (the inner face oi casing 36)
which is inclined to axis C—C from the vertical,
in this case 30 degrees. Therefore, the limiting
vertical outline of the reaming teeth may be de-
termined in Fig. 6 by passing through the ex-

tremities of the outlines in planes A—A and -

B—B, lines 60 each at 30 degrees to the cutter

_axls C—C. .

- Likewise, the digging teeth below plane A—A
most closely approach the casing when they
occupy the left-hand position of Fig. 7, so that
their limiting vertical outline will be determined
when in this position, and will be a vertical line
passing through the tip of the lowest reaming
tooth, as indicated in Fig. 6 by lines 61 at 30
degrees to the cutter axis. Practically, it is not
desirable that all the digging teeth have points
on this line, it being desirable to place the lower

tip of only the upper two digeing teeth 50 on’

sald line while the balance of teeth 50 conform
more generally to spherical outline 52. Thus it is
seen that, in the aspect of Fig. 7, the limiting

_vertical outline of the teeth may be represented
by straight lines 60 and 61 inclined oppositely-

30 @egrees to the cutter axis. :Allowing for neces-
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sary clearance, the actual outline of the teeth
will be limited by lines §8a and 6{g, the reaming
teeth intermediate planes A—A and B—B ex-
tending to but not beyond these lines. :

At right angles to the plane of Fig. 7 and
along the axis C—C, the vertical profiie of the
teeth will be limited by lines 63 and 64 of Fig. 6,
the horizontal dimension in plane B--B being
the length of line 58 (Fig. 5) and in plane A—A
being the casing diameter. The outline of the
reaming teeth will then be within lines 63 pass-
ing through the limiting points in planes A—aA
and B—B thus determined; and the outline of
the digging teeth will be within line 64 inclined
to the cutter axis an amount equal but opposite
to the inclination of line 63. Since the teeth
can at no point project beyond the line 61, be-
cause were they to do so they would strike the
casing when in the position of the left-hand
teeth of Fig. 7, the lower part of the digging
tooth outline follows line 61 below the intersec-
tion of lines 61 and 64. Teeth developed accord-
ing to this outline, after allowing for clearance,
are illustrated in Fig. 9. It will be noticed that

-the upper reaming teeth are. longer and that

the lower reaming teeth are shorter than the

- same reaming teeth of Fig. 7. The top digging

30

45

50

tooth is somewhat shorter than the correspond-

ing tooth of Fig. 7, but the other teeth 58 fol- -

low the same outline.

By way of comparison, dotted line 66 in Fig. 6

illustrates the maximum limiting surface (with-
out allowing for clearance) if a spherical develop-
ment of the teeth is used; and the difference
between a cutter constructed in accord with the
present invention and one constructed according
to previous practice is graphically illustrated
when it is realized that the teeth are built out
to fill the spaces beyond circle 66 but within
the several solid lines defining the limiting out-
lines as explained. : ) S

The vertical outlines intermediate the two po-
sitions developed in Fig. 6 are determined from
the two horizontal outlines in Fig. 5 in the gen-
eral manner explained, and will be intermediate
those of Fig. 6. If the clearance allowed is not
equal at all points, then the vertical projection
of the cutter when in the position of Fig. 7 may
not be exactly circular, but will be substantially
so. The outlines developed are in the nature of
limiting surfaces beyond which. the teeth can-
not project, but within these limits the teeth
may have any desired shape;- number, or loca-
tion. : .

The point O is termed the center of the cutter
since it is the center of-the spherical outline
52. The shank axis may intersect: axis C—C at
O, or may pass to one side. In my aforemen-

" tioned patents, the shank axis is shown as in-

70
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tersecting C—C above the plane A—A, so that
the cutter 35 is eccentric to the shank’ and it

" will be plain that the present invention can be

as well applied to such construction.
Leading from the main water course 38 is a
branch course 10 provided with an exterior noz-
zle 11 through which water is forced to clean
debris from the cutter teeth. . As will be under-
stood; cutter 35 will pass down the casing only
in two positions, spaced 180 degrees apart, and it
is desirable that it be held in one such initial
position as the bit is lowered through the cas-
ing. Although any suitable means of so lock-
ing the cutter relative to the shank may be used,
it has been found convenient™to insert plug 13
in water nozzle 71, the body of the plug then ly-

9,112,820
ing between two adjacent rows of teeth, (see Fig.

8) so as to hold the cutter against rotation.
Plug 78 is conveniently held in place by rubber
band 7B, or other suitable element, which passes
around in the notch below the reaming teeth
and seats in a properly positioned groove in plug

72. Plug 12 is of wood or the like, and is mot

strong enough to hold the cutter against rota-
tion after it contacts the formation. Circula-
tion pressure will clear nozzle 1{ of the broken
plug. . '

As may be seen from Fig. 8, the cutter herein
illustrated is provided with 10 rows of teeth, but
the invention is not limited to any particular
number of rows and more or less than the num-
ber illustrated may be used. When plug 13 is
inserted between two rows of teeth and the cut-
ter-is in the position of Fig. 7, the major axis
of ellipse A—A bisects the space between two
teeth and consequently no teeth extend out to
the possible maximum length, although if other
means of holding the cutter against rotation
are used then the cutter may be so formed that
a row of teeth lies along the major axis and is
of maximum length. Thus, the teeth illustrated
in Fig. 7 lie back of the median cutting plane,
but for purposes of disclosure have been brought
into the plane of the drawing. It will be under-
stood that. the size and shape of the teeth may
be changed, and for examples of other tooth
shapes suitable for cutters on these bits, refer-
ence may be had to my Patents Nos. 2,025,258,
2,025,259, and 2,025,260, as well as my previously
mentioned patents. ]

Fig. 8 illustrates the cutter rotated approxi-
‘mately a quarter turn relative to the shank

10
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from the position of Fig. 7. When so rotated,

two of the diametrically opposite rows of long
reaming teeth are brought into the plane of the
drawing. The outline of the hole actually pro-
duced is circular as illustrated by dotted line
88 in Fig. 5 and, of course, will have as its

diameter the major axis of the tooth outline

along plane A—A which reaches its maximum
effective horizontal value (the actual dimension)
when the cutter is rotated to the position of
Fig. 8. .

When reaming, the cutter is first held against
rotation since the hole is smaller than the cut-
ter. Consequently, the cutter rocks in a vertical
plane and first forms an elliptical hole like
ellipses §7,-as the teeth cut away formation at
opposite sides of the hole. - The cutter contin-
ually tends to rotate in a horizontal plane and
cut another such elliptical hole. As the cutter
gradually rotates in a horizontal plane, the re-
moval of formation -at diametrically opposite
points continues;. and after the cutter has ro-

tated 180° relative to the formation, there is.

formed a substantially round hole, as shown by

‘line §8, which is larger than the original hole.

When a cutter is drilling new hole, frictional
engagement of its teeth with the earth partially
retards its motion so as to cause relative rota-
tion between the cutter and shank at the same
time the cutter rolls over the formation. ‘Such
rotation of the cutter is assured by the peculiar
cutting action of this type of bit, an action which
is explained in the patents above referred to. In
brief, it may be said that the reaming teeth form
inclined grooves along the sides of the wall sepa-
rated by ridges 17, and the digging teeth likewise
form on the bottom of the hole cavities separated
by ridges 78. These grooves and cavities, in
eflect, gear the cutter fo the formation and make
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positive its rotation relative thereto and also
relative to the rotating shank. As a result, the
most extended points on the cutter are positively
forced around:in a complete circle and the hole
produced is substantially circular. Regardless of
whether the bit is used to drill an oversize hole
or to underream a pre-formed hole, the cutter is
forced to rotate relative to the earth and cut a
circular hole.

The increase in hole diameter effected by using
this oval construction, depends on the inclination
of the cutter axis. Usinga 30 degree inclination,
the major axis dimension in plane A—A is about
169 larger than the minor axis, so that the re~
sulting hole has an increase in diameter of 16%
over one drilled with a spherical bit. This in-
crease in size is shown graphically in Fig. 8 where
lines 6la and 60a have been projected down
below the casing and show the maximum di-
ameter that could be made with the conventional
spherical bit, the amount of “gyersize” being the
distance between the wall 59 and these projected

‘When
necessary to rotate the cutter relative to the bit
to return it to one of the two positions in which
the cutter will pass through the casing. This is
done by trial, rotating the shank little by little
until the shank and bit return to the proper rela-
tive position. - )

Tt will be understood that the application of the
present invention to the formstion of oval or non-
circular cutters is not necessarily limited to the
type of bit thus far shown and described, but
may in general be applied to any bit in which a
cutter is rotatably mounted upon an inclined axis
in such manner that a cutter formed in accord--
ance with the ‘invention may occupy one rota-
tional position in which all points of the cutter
fall within the circle represented by the casing
internal diameter; and in another rotational po-
sition will have cutting edges which extend out-
side that circle to drill a hole larger than the
casing internal diameter.

Having described my invention and some of the
applications thereof, it
the foregoing disclosure is intended to be illus-
trative of rather than restrictive upon the broader
claims appended hereto, and various changes may
be made in arrangement, construction, and pro-
portions of parts without departing from the

‘scope of my invention.

T claim as my invention: S

1. A drilling tool adapted to drill a hole larger
than a casing bore comprising supporting means,
a cutter carried by said supporting means for
rotation about an inclined axis, said cutter being
so shaped that all points thereon lie within the
perimeter of the casing when in one rotational
position, and having another rotational position
in which at least one point on the cutter Hes with-
out the perimeter of the casing.

2. A drilling tool adapted to drill a hole larger

than a casing bore comprising supporting means,

a cutter carried by said supporting means for
rotation about an inclined axis, said cutter hav-
ing. cutting edges so shaped that all points there-
the perimeter of the casing when in
: and having another ro-
tational position in which at least one cutting

3. A drilling tool adapted to pass down through
reulat -casing and drill a hole larger than
thé casing internal diameter, comprising'a shank,
an inclined bearing on the shank, and g cutter

withdrawing the bit up the casing, 1t is -

will be understood that

5
rotatably mounted on said bearing to revolve
about the bearing axis, said cutter having cutting
edges at varying distances from its axis of rota-
tion that upon rotation of the cutter extend out-
wardly beyond the casing internal diameter.

4. A drilling tool adapted to pass down through
a circular casing and drill"a hole larger than the
casing internal diameter, comprising a2 shank
having a vertical axis, an inclined bearing on the
shank, and a cutter mounted on said bearing to
rotate about an axis inclined to the bit axis, said
cutter having cutting edges at varying distances

from its own axis and adapted on rotation to ex--

tend to points at varying distances from the
shank axis, some of which cutting edges are
adapted to cut outwardly of the internal diameter
of the casing.

5. A drilling tool adapted

16

to pass-down through ,

& circular casing and drill a hole larger than the -

casing internal diameter, comprising a shank, an
inclined bearing on the shank, and a cutter rotat~
ably mounted on sald bearing to revolve about the
bearing axis; said cutter being oval in outline per-

‘pendicular to said axis and having a rotational

position in which all points on the cutter lie within
a circle of the casing internal diameter and a
second rotational position in which points on the
cutter lie outside said circle. ,

6. A drilling tool as in claim 1, including means
preventing relative rotation between said sup-

. porting means and cutter as the tool is moved

through the casing. ,

7. A drilling tool comprising supporting means,
a cutter carried by said supporting means for ro~
tation about an inclined axis, said cutter being
shaped so that its projected outline lies on a circle
in one rotational position and lies on an oval in
another rotational position. .

8. A drilling tool as in claim 7, wherein the
major axis of the oval is greater than the di-

ameter of said circle. o

9. A drilling tool as in claim 7, wherein the
major axis of the oval is greater than the di-
ameter of said circle, and the minor axis is equal
to the diameter of the circle. .

10. A drilling tool adapted to drill a hole larger
than a casing bore comprising supporting means,
a non-expansible cutter carried by .said -sup-
porting means for rotation about an inclined
axis, sald cutter being so shaped that in one po-
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sition of the cutter on its supporting means its

be capable of passing
and in another position
incapable of péassing

greatest dimension will
through the casing bore,
that dimension will be
through the casing bore. o v

11. A drilling tool adapted to pass down through
a circular casing and drill a hole larger than the
casing internal diameter, comprising ‘a. shank,
an inclined bearing on the shank, and & non-
expansible cutter rotatably mounted on said bear-
ing to revolve about the pearing axis, said cutter
being of oval cross-sectional outline perpendicu-
lar to its axis of rotation, and having a position
in which the vertical projection of said outline is
within the casing to pass down through said cas-
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ing and a second position in- which said outline -

extends in. part outwardly beyond the casing
inner face when the cutter is below the casing.
'12. A drilling tool adapted to pass down through
a circular casing and drill & hole larger than the
casing internal diameter,
inclined bearing on the shank, and a non-ex-
pansible cutter rotatably mounted on said bearing
to revolve about the bearing axis, said cutter be-
ing of non-circular cross-sectional outline per-
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comprising a shank, an:
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S
pendicular to its axis of rotation, and having iwo
rotational positions spaced 180 degrees apart in
which the vertical projection of said outline is
substantially circular to pass down through said
casing and positions, intermediate said two Dosi-
tions, in which sald outline extends to points out-
side of the casing inner face when the cuiter is -
telow the casing,

13. A cutter for a drilling tool having an in-
clined bearing, comprising a bowl shaped body
adapted to rotate about an inclined axis, and cut-
ting teeth extending beyond the body, the tooth
outline being oval in a plane perpendicular to the
bowl axis and passing through the bowl center.

14. A cutter for a drilling tool having an in-
clined bearing, comprising & bowl shaped body
édapted to rotate about an inclined axis, and
cutting teeth extending beyond the body, the.
tooth outline being oval in a piane perpendicular
to the bowl axis and passing through the bowl
center and the tooth outline in a plane parallel
to the first plane but above it; also being oval
but with the longer axis of the oval at 90 degrees
to the longer axis of the first oval. 3

15. The method of enlarging a hole that in-
cludes moving an elliptical shaped cutter in the
hole to form a hole elongated in one direction, and
simultaneously rotating the cutter in a transverse
blane to change the direction of elongation until
the enlarged hole is substantially circular with
a diameter equal to the major diameter of the

_hole when first elongated,

16. A rotary method of enlarging a hole that
includes first forming an elongated hole by forc-
ing cutting elements into opposite points of the
hole walls by rotation of the drillpipe, and subse-
quently forming a series of elongated holes sub-
stantially in the same transverse plane by addi-
tional rotation of the drill pipe, all the elongated
holes combining to form an enlarged, substan-
tially circular hole with a diameter equal to the
maximum diameter of each elongated hole.

17. A rotary method of enlarging a hole that
includes first forming an elliptical hole by forcing
cutting elements into opposite points of the hole
walls by a single rotation of the drillpipe, and
subsequently forming additional elliptical holes
substantially in the same transverse plane by,
additional rotations of the drillpipe, all the ellipti=-
cal holes combining to form an enlarged, substan-

‘tially circular hole with a diameter equal to the

maximum diameter of the elliptical hole.

18. The rotary method of enlarging a hole with
cutting elements rotatably mounted on a shank
that includes removing formation at two opposite
sides of the hole to form an elliptical shaped hole
with the first revolution of the shank, and then
by additional revolutions of the shank shifting
the cutting elements around the hole so that con-
tinued removal of formation in elliptical shapes -
ultimately forms a substantially circular hole with
a diameter equal to the major axis of the ellipse.

19. The rotary method of enlarging a hole that
includes first forming a pair of indentations in
the hole wall by forcing cutting elements into dif-
ferent points of the hole wall by rotation of the
drill pipe, and subsequently forming additional
Indentations substantially all in the same trans-
verse plane by additional rotation of the drill pipe,
all the indentations ultimately combining to form
an enlarged hole with a bore increased by the
combined depths of opposite indentations. -

20. A drilling tool adapted to drill a hole larger :

2,118,880

than o cosing bore comprising supported means,
a cutier carried by said supporting means for ro-
tation about an inclined axis, said cutter having
a dimension larger than the casing transverse hore
which in an inclined position will pass through
the casing and which, upon rotation of the cutter
about its axis, will move toward a transverse po-
sition and extend to points beyond the casing
bore. .

21. A drilling tool comprising a supporting
member, a cutter carried by said member to rotate
about an inclined axis, said cutter including cut-
ting portions whose outer margins lie on a perim-
eter of non-circular outline.

22. A drilling tool comprising a supporting
member, a cutter carried by said member to rotate
about an inclined axis, said cutter including cut-
ting portions relieved on at least one side of said
cutter. . :

23. A drilling tool comprising a supporting
member, a cutter carried by said member to rotate
about an inclined axis, a part of said cutter lying

‘In a-plane substantially at right angles to said

axis including cutting portions relieved on at least
one side of said cutter. . .

24. A drilling tool comprising a supporting
member, a cutter carried by said member to rotate
about an inclined axis, parts of said cutter lying in
a plane substantially at right angles to said axis
including cutting portions relieved at substantially
diametrically opposite sides of said cutter:

25. A drilling tool - comprising: a supporting
member, a cutter carried by said member to rotate
about an inclined axis, portions of said cutter Iy-
ing in a plane substantially at right angles to
said axis being relieved at substantially diamet-
rically opposite sides, and other portions of sald
cutter lying in a plane substantially parallel to
said other olane being relieved at substantially
diametrically opposite sides displaced 90° to said
other relief. )

26. A cutter for a drilling tool comprising a
bow! shaped body, portions of said body lying in
a plane substantially at right angles to the body
axis being relieved at substantially diametrically
opposite sides, and other portions of said body
lying in a plane substantially parallel to said
other plane being relieved at substantially dia-
metrically opposite sides displaced 90° to said
other relief. .

27. A cutter for a drilling tool comprising a bowl

shaped body adapted for rotation on the tool

structure, said body including cutting portions
whose outer margins in & plane substantially per-
pendicular to the axis of the body lie on a perim-
eter of non-circular outline. AR L

28. A cutter for a drilling tool comprising a
bowl shaped body adapted for rotation on the
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tool structure, said body including cutting portions

relieved on at least one side of said body.

29, A cutter for a drilling tool comprising a
bowl shaped body adapted for rotation on the
tool structure, a part of said body lying in a plane
substantially at right angles to the body axis in-
cluding cutting elements relieved on at least one
side of said body. . ]

-30. A cutter for a drilling tool comprising a
bowl shaped body adapted for rotation on the
tool structure, parts of said body lying in a plane
substantially at right angles to the body axis in-
cluding cutting portfons relieved at substantially
diametrically opposite sides of said cutter.

JOHN A. ZUBLIN.
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, / CERTIFICATE OF CORRECTION.
Patent No. 2,113,820. , : April 12, 1938.
' : ~ JOHN A. ZUBLIN. '

It is hereby certified that error appears in the printed specification
of the above numbered patent requiring correctionas follows: Page 6, second
column, line 1, claim 20, for "supported" read supporting, and that the
sald Letters Patent should be read with this correction therein that the

~same may conform to the record of the case in the Patent Office.,

Signed and sealed this 1lljth day of June, A. D. 1938.

_ llenry Van Arsdale,
(Seal) ' Acting Commissioner of Patents.,




