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This invention relates to oil well tools and more par-
ticularly to an expansible cutter tool such as an oil well
casing mill,

The casing mill tool of the present invention is of the
type which includes generally a tool body to be lowered
into'a well and a number of cutter members which are
expansibly mounted within the body for radial movement
therefrom. The cutters are actuated in their radial move-
ment by and in response to axial movement of a member
within the body. :

Under various circumstances it is necessary to remove
a section of the casing in a well at a predetermined loca-
tion and for a considerable length. Simce the casing is
steel pipe or tubing the removal is usually accomplished
by milling or cutting away the section by rotation of a
casing or section mill. In order to mill out a section of
casing at a predetermined depth, it is necessary to lower
the tool, with the cutter elements retracted, into the casing
to the desired location, at which point the tool is rotated
and the cutter elements are expanded into cutting engage-
ment with the inner surface of the casing. By rotating
the tool at a substantially constant depth the cutter ele-
meats, under outward pressure, pierce the casing and the
section to be removed is then milled away by rotating the
cutter under downward force upon the exposed end of the
casing. It will be appreciated that the force with which
the cutters are expanded against the casing wall must be
sufficient to cause the cutters.to pierce the wall in 2 rea-
sonable length of time. In-addition, the cutters, after
piercing the casing, must remain in a fully expanded posi-
tion and must be of sufficient strength and durability to
mill through an extensive length of steel casing.

Accordingly, it is an object of the present invention
to provide an expansible casing mill in which the cutter
elements are moved radially outward with a maximum
amount of force. :

It is another object of the present invention to provide
an expansible cutter casing mill which provides positive
expansion and retraction of the cutters.

It is a further object of the present invention to pro-
vide an expansible casing mill in which the cutters are
mounted in radial-axial planes and moved outward in the
radial direction by means of a mandrel having a tapered
surface coacting with an inner surface of the cutters.

It is further object of the present invention to provide
an expansible casing mill in which radially extensible cut-
ters are moved radially outward from the tool body by
means of hydraulic pressure within the body with suffi-
cient force to pierce the wall of the casing.

The "expansible casing mill, in accordance with the

present invention comprises a tubular body having three

casing cutter members mounted circumferentially spaced

about the body in radial slots therein for longitudinal
radial movement with respect to the body along radial-
axial planes thereof. The cuiters each have an up-
wardly and outwardly extending inner guide surface in
co-operatively guiding relationship with a similarly up-
wardly and outwardly tapered surface of the tool body.
A piston is axially movable within the body in response
to fluid pressure at the lower surface thereof. The piston
is positioned beneath the lower end of each of the cutter
members in bearing contact therewith, such that upward
movement of the piston causes the cuiters to be moved
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upward and outward along the tapered surface of the
body. o

The novel features which are believed to be character-
istic of the invention both as to its organization and meth-
od of operation together with further objects and advain-
tages thereof will be better nnderstood from the following
description considered in connection with the accom-
panying drawing in which a presently preferred embodi-
ment of the invention is illustrated by way of example.
It is to be expressly understcod, however, that the draw-
ing is for the purpose of illustration and description only
and is not intended as a definition of the limits of the
invention.

FIGURE 1 is a view in elevation partly in section show-
ing the present invention in position within the section of
casing with the cutter members retracted into the tool
body;

FIGURE 2 is a partial view corresponding to FIGURE
1 showing the cutter members expanded into cutting en-
gagement with the inner wall of the casing;

FIGURE 3 is a view corresponding to FIGURE 1
showing the cutter members in fully expanded position
after the wall of the casing has been pierced preliminary to
milling away a longitudinal portion thereof;

FIGURE 4 is a view in section taken along line 4—4
of FIGURE 1;

FIGURE 5 is a view in section taken along line 5—5
of FIGURE 1; and

FIGURE 6'is a view in section taken along line 6—6 of
FIGURE 3. ) '

Referring now to the drawing a presently preferred em-
bodiment of the present invention is shown and includes
in general terms a body 16, a plurality of cutter members
11, and a mandrel and piston contained within the body.
The mandrel is stationary with respect to the body while
the piston is longitudinally movable therein with respect
to the mandrel and the inner wall of the body. The body
is tubular and has a customary upper threaded box end
or pin end 14 which may be screwed into a service or tool’
joint for connection with the drill string. The lower end
of the body may be formed to carry a guide or piloting
means such as a bullnose 26 of the type well known to
the art. The body 1¢ is formed with a succession of .
counterbores 17, 18, and 19, the latter of which com-.
municates with a fluid passage 22 for the circulation of
fluid through the tool. A plurality of radial slots 23 ex-
tend through the wall of body 10 to receive the cutters
as described hereinafter. The radial slots are of sufficient
length to accommodate the longitudinal movement of.
the cutters as they are radially moved with respect to the
body as will become more apparent hereinafter.

The plurality of casing cutters 11 are circumferentially
spaced about the body and are slidably mounted with
respect to the body upon tapered surfaces 24 and 3§ in
the body and mandrel respectively. The cutters are.
mounted in radial-axial planes and are mounted to move
radially and longitudinally in those planes. The cutter
members 11 in this embodiment are formed as shown with
a cutting section 27 divided into a plurality of fingers or
blades 28 to utilize the maximum cutting surface and
number of cutting edges. The cutting surfaces are formed
of hardened material such as tungsten carbide in a metal
matrix.

Contained within the body 18 is a mandrel designated
generally as 30 which includes a cylindrical section 3%
having an outside diameter substantially equal to the
inside diameter of the body at the counterbore 18. An
outwardly extending shoulder 32 is formed at the lower
end of the cylindrical section 31 and is mateable and in
bearing contact with a shoulder 34 beneath the counter-
bore of the body. Extending downwardly from the shoul- -
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der 32 the mandrel has a non-cylindrical inwardly and
downwardly tapered section 36 which is generally hexag-
onal in configuration with three sides 38 of the hexagon
being of substantially equal width throughout the inward
and downward length of the tapered section 36. Thus,
as shown in FIGURES 5 and 6, the hexagonal shape of
the mandre] throughout the tapered section is generally
six sided but with alternate ones of the six sides forming
the bearing surface for each of the cutters and therefore
remaining substantially constant in width. Accordingly,
the sides 38 between the bearing sides decrease in width
as the cross-sectional area of the tapered section 36 be-
comes smaller. That is, near the shoulder 32 the sides
39 of the hexagon will be substantial in width but near
the lower end 48 of the guide surfaces 38 the alternate
sides 32 will become smaller until the cross-sectional con-
figuration of the tapered section 36 approaches a triangle.
Beneath the lower end of the hexagonal tapered section
36 of the mandrel 30 the mandrel assumes the cylindrical
configuration of a wash-pipe 41. A bore is provided
throughout the length of the mandrel to allow the passage
of fluid therethrough. At the lower end 47 of the mandrel
30 a base plate 46 is positioned substantially transverse to
the wash-pipe 41 and affixed thereto with an outside di-
ameter substantially equal to the inside diameter of the
body 10 and the counterbore 19. Base plate 46 has an
opening 47 coextensive with the longitudinal opening
through the mandrel and in addition has a plurality of
openings 48 spaced circumferentially at a radius approxi-
mately midway between the center line of the mandrel
and the outside diameter of the plate. An upstanding
cylindrical wall 49 is formed on the base plate and a
lock ring 5@ is provided in a groove 51 formed in the inside
wall of the body and the counterbore. Thus, the mandrel
30 can be inserted in position in the body 10 by inserting
it through the lower end of the body with the bullnose
removed such that the cylindrical portion 31 moves into
contact with the counterbore 18 and the shoulder 32 of
the mandrel abuts the shoulder 34 of the body after which
the lock ring 58 is positioned to retain the mandrel at the
proper location. It should be noted that the tapered sur-
faces 38 are coextensive with similarly tapered surfaces
24 on the body which forms the bearing wall of the radial
slots of the body. That is, the slots are formed between
that section of the body at the counterbore 18 and the

section of the body at the counterbore 19 such that the.

slots extend to the shoulder 34 from the outside diameter
57 at a taper similar to the taper of the surfaces 38.
Thus, with the mandrel in position as shown in the figures
the tapered surfaces 24 and 38 are coextensive and form
a bearing surface for the cutters as described hereinafter.

The cutters are formed such that their body sections are
substantially rectangular in configuration with the dis-
tances between the surfaces 69 of each of the cntters being
substantially equal to but less than the width of the slots
23 between the walls 62, The outer surface of the body
of the cutter is, however, arcuate where mated with the
toothed part of the cutter, while the lower or inner surface
of the cutter, as shown in FIGURES 5 and 6, is flared
outwardly to provide a shoulder 64 which is tapered and
mateable with a similar taper at the base of the slots.
That is, as shown in FIGURES 4, 5 and 6, the slots 23
are formed in the body extending outwardly from the
counterbores 18 and 17 and are tapered inwardly and
downwardly. An undercut is provided in the bearing wall
24 which undercut is mateable with the shoulder 64 on
the blades. A portion 66 of the inmer surface of the
blades extending from the upper end thereof partially
along the length of the blades is tapered to mate with the
taper of the bearing surfaces 24 and 238. The lower por-
tion 67 of the blade is substantially vertical. Accordingly,
as shown in FIGURES 1, 2 and 3 when the blade. is in
its lowermost position at which the fingers rest on the
shoulder 68 of the body the vertical portion of the blades
is proximate the lower cylindrical surface 41 forming the

10

15

20

25

30

40

45

50

65

60

85

70

76

4

wash-pipe section of the mandrel while the upper portion
is in contact with the tapered surface 38 of the mandrel.
As the blades moves upwards it rides in the slot and is
maintained in position by the shoulder 64 and mating
undercut. As shown particularly in FIGURE 2, as the
blade progresses upward the vertical portion thereof is
moved away from the lower cylinder 41 and extends away
from the tapered surface 38. At its uppsrmost position
as shown in FIGURE 3, the upper end of the blade is in
bearing contact with the shoulder of the body at the upper
eud of the tapered surface 24.

Positioned beneath the blade in bearing contact there-
with is a piston 7¢ which surrounds the lower cylindrical
portion 41 of the mandrel and is movable longitudinally
in the tool in sliding contact with the lower cylindrical
portion 41 of the mandrel and the inner surface of the
body at the counterborg 1. The piston 79 has a base
portion 71 which is substantially transversc to ihe body
with an upstanding flange 72 having an uvpper bearing
surface 73 in contact with the lower bearing surface of
the blades. The lower bearing surface 74 of thes blade
body and the upper bearing surface 73 of the piston are
preferably tapered downwardly and outwardly with re-
spect, to the orientation of the tool body since the body
of the cutter must slide across the bearing surface of the
piston as it moves radially outward. Thus, as showa in
FIGURE 1 at the lowermost position of the cuiter the
outer edge of the bearing surface 74 of the cutter over-
laps the inner portion of the piston bearing surface 73,
while at the upper position of the cutter the inner portion
of the cutier bearing surface 74 is in contact with the
outer portion of the piston bearing surface 73. A sealing
means such as a gasket 76 is affixed to the lower surface
of the pisien to provide a fluid tight seal between the pis-
ton and the inner surface of the tool at the counterbere
19 and the outer surface of the cylindrical portion 41
of the mandrel,

Thus, it may be seen that fluid passing downward
through the tool body along the fluid flow path defined
by the counterbores passes outward through the lower end
of the mandrel. A restriction is provided in the guide
means or bullnose 1§ which causes a pressure to build up
in the body beneath the lower end 45 of the mandrel.
Pressure. then causes the flnid to pass through the open-
ings 48 and into the chamber beneath the piston. Fluid
pressure built up beneath the piston will force the piston
upward, which in turn will force the cutters upward and
outward.

In operation, the casing mill of the present invention
is attached to a drill string in the customary manner and
lowered into a cased well hole. At the predetermined
depth in the casing at which the casing is to be cut away,
circulation of fluid is begun and fluid under pressurc is
admitted into, the bore of the tool from the drill string.
A portion of the fluid escapes from the bore by passing
through the openings 48 and into the fluid volume be-
neath the piston to exert an upward force on the piston
and cutters as described hereinbefore. Rotation of the
drill string and casing cutter without downward movement
causes the outer radial surface of the cuiters to cut through
the wall of the casing. As the cut is made the cutters
move radially outward until the wall of the casing has
bgen completely pierced. At this point the piston and
cutters reach the uppermost limit of their travel with the
upper bearing surface in contact with the shoulder 69.
The. cutters are thus foreed to a position which is fully
expanded, and the lower surface 8¢ of the cutter blades
is approximately horizontal. With the lower surface of
the, cutter blades resting upon the exposed end of the
casing as shown in FIGURES 3 and 6 of the drill string
and tool are rotated and lowered to mill the casing under
pressure. The downward force of the tool causes the
cutter to be maintained in bearing contact with the
shoulder.

After the desired length of casing has been milled away,
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fluid circulation is stopped and the tool is raised out of
the hole. As the'tool is raised the cutters strike the end
of the casing at which milling was begun and are forced
downward to the retracted position.

. Thus, the present invention provides an improved cas-
ing or section mill which is positive and efficient in op-
eration and which pierces a casing and removes a section
thereof in a minimum length of time.

What is claimed is:

~ 1. An oil well casing mill comprising, in combination:
a vertically extending elongate cylindrical body of a pre-
determined diameter, said body having an axial passage-
way therethrough formed by upper, intermediate and low-
er successive cylindrical counterbores of successively larg-
er predetermined diameters, the junctions between adja-
cent counterbores forming horizontally extending shoul-
der surfaces, said body defining a plurality of longitudinal

identical slots extending radially therethrough, said slots.

being evenly spaced around the periphery of said body
and proceeding downwardly from the horizontal shoul-
der surface formed at the junction between said interme-
diate and lower counterbores, the uppermost portion of
said body being adapted for conuection to a drill string,
the lowermost portion of said body being adapted for con-
nection to guide means; an elongate mandrel rigidly
inounted to said body within said intermediate and lower
counterbores, said mandrel having an axial cylindrical
bore therethrough, said mandrel defining an upper section
and an intermediate section and a lower section, said
upper section of said mandrel being of cylindrical config-
uration with a diameter substantially equal to said inter-
mediate counterbore of said body, said intermediate sec-
tion of said mandrel being of downwardly linearly ta-
pered configuration with a polygonal cross-section having
a number of sides equal to twice the number of slots in
said body, alternate sides of the polygon being of equal
and constant width throughout the taper of said interme-
diate mandrel section to thereby define a plurality of rec-
tangular inclined bearing contact surfaces, each of said

earing contact surfaces being aligned opposite a slot in
said body, the uppermost part of said intermediate section
of said mandre! being of greater cross-sectional area than
the cross-sectional area of said cylindrical upper section
of said mandrel, the junction between said upper and in-
termediate sections of said mandrel forming a horizontal-
1y sutwardly extending shoulder surface abutted in bear-
ing contact with the horizontal sheulder surface formed
by the junction between said intermediate and lower coun-
terbores of said body, the lower section of said mandrel
being of cylindrical configuration with a diameter sub-
stantially less than the diameter of the lower counterbore
of said body; a plurality of identical casing cutter mems-
bers having a longitudinal bearing surface adapted for
sliding contact with said contact bearing surfaces of said
mandrel and a longitudinally extending cutting edge and
a substantially transverse cutiing surface at the lower end
thereof, said cutting members being disposed within said
body with one each of said cutting members in alignment
with a slot in said body and with its bearing surface in
contact with said bearing contact surface of said mandrel;
an annular base plate mounted to the bottom of said
mandrel, the outer diameter of said base plate being sub-
stantially equal to the diameter of said lower counter-
bore in said body, the inner diameter of said base plate
being substantially equal to the diameter of the axial bore
through said mandrel, said base plate being mounted
transversely to said mandrel with the central opening in
said base plate in substantial alignment with the axial bore
through said mandrel, said base plate defining a plurality
of small circumferentially spaced openings extending
therethrough; anmular piston means slideably mounted
within said body surrounding said cylindrical lower sec-
tion of said mandsel above said base plate and below said
cutting members, said piston means having an inside diam-
eter substantially equal to the diameter of said cylindrical
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lower section of said mandrel and an outside diameter
substantially equal to that of said lower counterbore in
said body, said piston means being adapted for fluid tight
vertically sliding contact with said lower section of said
mandrel and with said lower counterbore of said body;
and, guide means coaxially detachably mounted to the
bottom of said body, said guide means having an axial
passageway therethrough communicating with the lower
counterbore of said body and the axial bore through said
mandrel to thereby provide a fluid passage through said
casing mill, said guide means being adapted upon the
flow of fluid through said casing mill to create a high
fluid pressure area in said lower counterbore of said body
below said piston means. :

2. An oil well casing mill comprising, in combination:
a verticaily extending elongate cylindrical body of a pre-
determined diameter, said body having an axial passage-
way thersthrough formed by upper, intermediate and
lower successive cylindrical counterbores of successively
larger predetermined diameters, the junctions between ad-
jacent counterbores forming horizontaily extending shoul-
der surfaces, said body defining a plurality of longitudinal
identical slots extending radially therethrough, said slots
being evenly spaced around the periphery of said body
and proceeding dowawardly from the horizontal shoulder
surface formed at the junction between said intermediate
and lower counterbores, the uppermost portion of said
body being adapted for connection to a drill string, the
lowermost portion of said body being adapted for con-
nection to guide means; an elongate mandrel rigidly
mouvnted to said body within said intermediate and lower
counterbores, said mandrel having an axial cylindrical
bore therethrough, said mandrel defining an upper sec-
tion and an intermediate section and a lower section, said
upper secticn of said mandrel being of cylindrical con-
figuration with a diameter substantiaily equal to said in-
termediate counterbore of said body, said intermediate
section of said mandrel being of downwardly linearly ta-
pered configuration with a polygonal cross-section having
a number of sides egual to twice the number of slots in
said body, alternate sides of the polygon being of equal
and constant width throughout the taper of said inter-
mediate mandrel section to thereby define a plurality of
rectangular -inclined bearing comtact surfaces, each -of
said bearing contact surfaces being aligned opposite a
slot in said body, the uppermost part of said intermediatée
section of said mandrel being of greater cross-sectional
area than the cross-sectional area of said cylindrical up-
per section of said mandrel, the junction between said
upper and intermediate sections of said mandrel form-
ing a horizontally cutwardly extending shoulder surface
abutted in bearing contact with the horizontal shoulder
surface, formed by the junction between said interme-
diate and lower counterbores of said body, the lower sec-
tion of said mandrel being of cylindrical configuration
with a diameter substantially less than the diameter of the
lower counterbore of said body; a plurality of identical
casing cutter members having a longitudinal bearing sur-
face adapted for sliding contact with said contact bearing
surfaces of said mandrel and a longitudinally extending
cuiting edge and a substantiaily transvarse cutting surface
at the lower end thercof, said cutting members being dis-
posed within said body with one each of said cutting
members in alignment with a slot in said body and with
its bearing surface in contact with said bearing contact
surface of said mandrel; an annular base plate mounted
to the bottom of said mandrel, the outer diameter of
said base plate being substantiaily equal to the diameter
of said lower counterbore in said body, the inner diam-
eter of said base plate being subsiantially equal to the
diameter of the axial bore through said mandrel, said base
plate being mounted transversely to said mandrel with the
central opening in said base plate in substantial alignment
with the axial bore through said mandrel, said base plate
defining a plurality of small circumferentially spaced
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openings extending therethrough; annular piston means
slideably mounted within said body surrounding said cy-
lindrical lower section of said mandrel above said base
plate and below said cutting members, said piston means
having an inside diameter substantially equal to the diam-
eter of said cylindrical lower section of said mandrel and
an outside diameter substantially equal tc that of said
lower counterbore in said body, said piston means being
adapted for fluid tight verticaliy sliding contact with said
lower section of said mandrel and with said lower coun-
terbore of said. body; and, cylindrical guide means having
a diameter substantially equal to the diameter of the lower
section - of said body and being coaxially detachably
mounted thereto, said guide means having an axial pas-
sageway therethrough formed by upper and lower coun-
terbores of successively smaller predetermined diameters,
said axial passageway through said guide means being in
communication with the lower counterbore of said body
and with the axial bore through said mandrel to thereby
provide 2 fluid passage through said casing mill and upon
the flow of fluid therethrough to create a high fluid pres-
sure area in said lower counterbore of said body below
said piston means.

3. An oil well casing mill comprising, in combina-
tion: a vertically extending elongate cylindrical body
of a predetermined diameter, said body having an axial
passageway therethrough formed by upper, intermediate
and lower successive cylindrical counterbores of suc-
cessively larger predetermined diameters, the junctions
between adjacent counterbores focrming horizontally ex-
tending shoulder surfaces, said body defining three longi-
tudinal identical slots extending radially therethrough,
said slots being evenly spaced around the periphery of
said body and proceeding downwardly from the hori-
zontal shoulder surface formed at the junction between
said intermediate and lower counterbores, the upper-
most portion of said body being adapted for connection
to a drill string, the lowermost portion of said body being
adapted for connection to gunide means; an elongate
mandrel rigidly mounted to said body within said inter-
mediate and lower counterbores, said mandrel having
an axial cylindrical bore therethrough, said mandrel de-
fining an upper section and an intermediate section
and a lower section, said upper section of said mandrel
being of cylindrical configuration with a diameter sub-
stantially equal to said intermediate counterbore of said
body, said intermediate section of said mandrel being of
downwardly linearly tapered configuration with a hexa-
gonal cross-section, alternate sides of the hexagon being
of equal and constant width, throughout the taper of said
intermediate mandrel section to thereby define three
rectangular inclined bearing contact surfaces, each of
said bearing contact surfaces being aligned opposite a
slot in said body, the uppermost part of said intermediate
section of said mandrel being of greater cross-sectional
area than the cross-sectional area of said cylindrical
upper section of said mandrel, the junction between said
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upper and intermediate sections of said mandrel, form-
ing a horizontally outwardly extending shoulder surface
abutted in bearing contact with the horizontal shoulder
surface formed by the junction between said intermedi-
ate and lower counterbores of said body, the lower sec-
tion of said mandrel being of cylindrical configuration
with a diameter substantially less than the diameter of
the lower counterbore of said body; three identical cas-
ing cutter members having a longitudinally bearing sur-
face adapted for sliding contact with said contact bear-
ing surfaces of said mandrel and a longitudinally extend-
ing cutting edge and a substantially transverse cutting
surface at the lower end thereof, said cutting members
being disposed within said body with one each of said
cutting members in alignment with a slot in said body
and with its bearing surface in contact with said bearing
contact surface of said mandrel; an anoular base plate
mounted to the boitom of said mandrel, the outer di-
ameter of said base plate being substantially equal to
the diameter of said lower counterbore in said body, the
inner diameter of said base plate being substantially
equal to the diameter of the axial bore through said man-
drel, said base plate being mouated transverscly to said
mandrel with the central opening in said base plate in
substantial alignment with the axial bore through said
mandrel, said base plate defining a plurality of small cir-
cumferentially spaced openings extending therethrough;
annular piston means slideably mounted within said body
surrounding said cylindrical lower section of said man-
drel above said base plate and below said cutting mem-
bers, said piston means having an inside diameter sub-
stantially equal to the diameter of said cylindrical lower
section of said mandrel and an outside diameter substan-
tially equal to that of said lower counterbore in said
body, said piston means being adapted for fluid tight
vertically sliding contact with said lower section of said
mandrel and with said lower counterbore of said body;
and, cylindrical guide means having a diameter substan-
tially equal to the diameter of the lower section of said
body and being coaxially detachably mounted thereto,
said guide means having an axial passageway there-
through formed by upper and lower counterbores of suc-
cessively smaller predetermined diameters, said axial
passageway through said guide means being in communi-
cation with the lower counterbore of said body and with
the axial bore through said mandrel to thereby provide
a fluid passage through said casing mill and upon the
flow of fluid therethrough to create a high fluid pres-
sure area in said lower counterbore of said bedy below

said piston means.
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