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HYDRAULICALLY EXPANSIBLE ROTARY
DRILL BITS

Archer W. Kammerer, Jr., Fullerton, Calif., assignor, by
direct and mesne assignments, to Rotary Oil Tool Cmgga
pany, Huntington Park, Calif., a2 corporaticn of Cali-
fornia

Application August 25, 1954, Serial No. 452,184
19 Claims. (CL 255—76)

The present invention relates to rotary drill bits of the
expansible type, capable of being lowered through well
casing and of drilling or enlarging a bore hole beiow the
casing to a greater diameter than the inside diameter of
the casing.

An object of the present invention is to provide an ex- -

pansible rotary drill bit having cutters that are expanded
laterally outward by hydraulic pressure applied through
the fluid in the drill string to which the bit is attached, and

in which the cutters are held in their expanded position by .

hydrautic pressure despite the relieving of the pressure in
the finid in the driil string itself.

Another object of the invention is to provide an ex-
pansible rotary drill bit having cutters which are held

hydraulically in their expanded position despite the reliev- _

ing of the pressure in the drill string, in which the hydrau-
lic force holding the cutters expanded can be effectively
removed, when the cutters are to be retracted.

A further object of the invention is to provide an ex-
pansible rotary drill bit embodying a cylinder and piston
device for expaanding the cutters laterally outward, in
which fluid under substantial pressure can be trapped in
the device to insure the retention of the cutters in their

expanded position, but in which the trapped fluid can be

released whenever retraction of the cutters is desired.

Yet another object of the invention is to provide an
expansible rotary drill bit embodying a cylinder and pis-
ton device for expanding the cutters laterally outward, in
which the opportunity for sand, and other foreign sub-
stances, in the drilling fluid to plug the device and prevent
retraction of the cutters is greatly minimized.

Still a further object of the invention is to provide an
expansible rotary drill bit embodying a cylinder and pis-
ton device for expanding the cutters laterally cutward, in
which fluid under pressure can be trapped in the device to
hold the cutters cutwardly, and in which the bit embodies
a safety mechanism for insuring retraction of the cutters in
the event that the trapped fluid in the device cannot be re-
leased in the normal manner, or in the event the device
becomes plugged with sand or other foreign substances.

This invention possesses many other advantages, and
has other objects which may be made more clearly appar-
ent from a consideration of a form in which it may be em-
bodied. This form is shown in the drawings accompany-
ing and forming part of the present specification. it will
now be described in detail, for the purpose of illustrating
the general principles of the invention; but it is to be un-
derstood that such detailed description is not to be taken
in a limiting sense, since the scope of the invention is best

defined by the appended claims.

Referring to the drawings:

Figure 1 is a longitudinal section through an embodi-
ment of the invention disposed in a well bore, with the
cutters and other parts in their initial and retracted posi-
tions;

Fig. 2 is a longitudinal section similar to Fig. 1, disclos-
ing the cutters locked in their fully expanded position;

10

40

&5

60

65

70

2

Fig. 3 is a cross-section, on an enlarged scale, taken
along the line 3—3 on Fig. 2;

Fig. 4 is a fragmentary longitudinal section, on an en-
Iarged scale, through the hydraulic actuating mechanism
of the device, with the parts occupying substantially the
same position as disclosed in Fig. 1;

Fig. 5 is a view similar to Fig. 4, disclosing the hydrau-
lic actuating mechanism in the position it occupies when
the cutters are expanded to their fullest extent;

Fig. 6 is a view similar to Fig. 4, disclosing the hydrau-
lic mechanism in a position between the locations shown
in Figs. 4 and 5.

The form of invention shown in the drawings includes
a rotary expansible drill bit A which can be secured to the
lower end of a string of drill pipe B extending to the top
of the well bore C, and by means of which the drill bit is
lowered through a string of well casing D to a region be-
low the casing shoe F where the hole enlarging operation
is to commence. The general type of expansible drill bit
shown in the drawings is both illustrated and described in
Patent No. 2,545,036, to which attention is invited for
certain structural details that are not disclosed nor de-
scribed herein in detail.

The upper portion of the rotary drill bit consists of a
tubular mandrei 9 having an upper pin 11 threadedly
connected to a sub 12 formed on the lower end of the
string of drill pipe B. This mandrel includes an upper
kelly or drill stem member 13 slidably spiined to the
main body 14 of the drill bit. The exterior 15 of the
lower portien of the kelly is non-circular or hexagonal in
shape, being telescopically received in a companion non-
circular or hexagonal socket 16 formed in the main bit
body 14. The hexagonal kelly exterior 15 and companion
socket 16 form a slidable splined connection between these
parts, enabling the kelly 13 to be moved longitudinally
with respect to the body 14, while being capable of trans-
mitting rotary movement to the body.

The mandrel 19 has a limited range of longitudinal
movement within the body 14, its downward movement
being determined by engagement of the lower end 17 of
the kelly with an inwardly directed shoulder 18, its up-
ward movement being limited by engagement of an exter-
nal shoulder or piston portion 19 of the kelly, fitting with-
in a counterbore 66 in the body of the tool above ifs hex-
agonal socket 26, with a lower abutment member 72 that
rests upon a shoulder 73 formed in the body 14 of the tool.
This abutment 72 constitutes part of a packing structure
carried by the body of the tool, as described hereinbelow.
Actually, the abutment 72 may be considered as constitut-
ing the upper end of a confined cylinder space 22 formed
between the kelly or drill stem 13 and the body 14 of the
tool.

The tool body 14 has a plurality of expansible parts
mounted on it. These include cutter supporting members
23 pivotally mounted in body slots 24 on hinge pins 25
suitably secured to the body. Each cutter supporting mem-
ber 23 depeads from a hinge pin 25, terminating in a
bearing supporting pin 26 inclined inwardly and down-
wardly. A side roller cutter 27 is rotatably mounted on
cach bearing supporting pin 26, being mounted on anti-
friction roller and ball bearing elements 28, 29 rollable on
the bearing supporting pin. The ball bearing elements 29
lock the cutters 27 against endwise movement on the bear-
ing supperting pin 26, as well as transmitting axial and
radial thrusts between the cutter and supporting pin. The
roller bearing elements 28 transmit primarily radial thrusts
between these parts. The manner of mounting the ball
and roller bearing elements 29, 28 between the cutters 27
and bearing supporting pins 26, and of retaining them in
place, is specifically described in the above-mentioned
Patent 2,545,036.

The cutter supporting members 23 and cutters 27
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mounted therein tend to occupy a retracted position sub-
stantially and entirely within the confines of the main
body 14 of the bit. These cutter supporting members
and cutters are expandible outwardly, to enlarge the sides
of the well bore C and to operate upon a formation
shoulder E that the cutters produce in the latter. To
accomplish the expansion, each cutter supporting mem-
ber 23 has an inclined expander surface 30 on its inner
portion 31 below the hinge pin 25 which tapers in a
downward and inward direction.
face 30 terminates in a lock surface 32 formed on a lock
portion 33 of the cutter supporting member. The out-
ward expansion is accomplished by producing relative
longitudinal movement between the mandrel 10 and the
bit body 14, which will produce corresponding relative
longitudinal movement between the cutter supporting
members 23 and the tubular member 34 of the mandrel.
This tubular member 34 includes a lower portion 35 slid-
able within a guide 36 secured to the body 14 and ex-
tending across the slotted region of the body below the
lock portion 33.

Located initially substantially above the guide 36 and
below the hinge pins 25 and in cutter supporting mem-
ber recesses 37 is a mandrel lock and expander 38 having
outer surfaces 39 adapted to engage the expander surfaces
30 and the lock surfaces 32. The lock and expander 38
may be formed integrally with the tubular member 34,
the upper end of the latter being piloted within a socket
40 in the lower portion of the kelly 13. An enlarged
boss 41 on the tubular member engages a downwardly
facing shoulder 42 of the kelly, the tubular member being
held in this shoulder by a suitable split retainer or lock
ring 43 snapped into an internal groove 44 encompassing
the Kelly socket 40 and engaging a downwardly directed
shoulder 45 formed on the tubular member boss 41.
Leakage between the boss 41 and the wall of the Kelly
socket is prevented by a suitable side seal 51, in the form
of a rubber O ring, disposed within a groove 52 in the
boss and engaging the wall of the socket 40.

The kelly 13 has a central fluid passage 45 therethrough
communicating with the string of drill pipe B. Fluid
pumped through this passage 46 can pass into an aligned
central passage 47 in the tubular member 34, whereby
drilling mud, or similar drilling fluid, can be pumped
down through the tool, for the purpose of removing the
cuttings from the well bore C and flushing them upwardly
around the drill pipe B to the top of the hole.

Assuming that the body 14 of the tool is elevated
relatively along the tubular mandrel 10, the inclined ex-
pander surfaces 30 of the cutter supporting members 23
will be shifted upwardly along the lock and expander
portion 38 of the tubular member. During such upward
shifting, the cutter supporting members 23 and the cutters
27 carried thereby may be pivoted about the hinge pins
25 and urged in an outward direction. The movement
of the body 14 with respect to the tubular mandrel 19
can continue until the cutters 27 have been shifted out-
wardly to their fullest extent, as determined by engage-
ment of stop shoulders 53 on the cutter supporting mem-
bers with companion shoulders 54 formed in the body
on opposite sides of the body slots 24. When such en-
gagement occurs, the lower end 17 of the Kelly portion
of the tubular mandrel 10 will engage the body shoulder
18, and the lock and expander 38 on the tubular member
34 will be disposed behind and in engagement with the
lock portion 33 on the cutter supporting members 23.

It is to be noted that the surfaces 32 of the lock por-
tion on the cutter supporting members 23 and the com-
panion surfaces 39 on the lock and expander portion 38
of the tubular member are substantially parallel to the
axis of the drill bit, to prevent the reactive forces of the
formation on the cutters 27 from moving the latter in-
wardly. As a practical matter, it is preferred that the
coengaging lock surfaces 32, 29 be inclined slightly in
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a downward direction toward the axis of the tool, to
insure release of the lock and expander portion 38 from
the cutter supporting members 23 when the latter and
the cutters 27 arc to be shifted back to their retracted
positions.

The relative longitudinal movement between the tubu-
lar mandrel 10 and the body 14 of the tool for effecting
outward expansion of the cutters 27 is accomplished
hydraulically. The counterbore 60 receiving the piston
19 of the drill stem member 13 is formed in the upper
porticn i4a of the body, which actually constitutes a
cylinder having a cylinder wall 61 extending from a
lower shoulder 62, defining the bottom of the counterbore
60, to an upper head and guide 63. This latter member
has a depending portion 64 inserted in the upper end
of the cylinder 14a and releasably retained therein by a
split snap ring 65 carried in a groove 654 in the cylinder
head portion 64 and adapted to be received within a
generally V-shaped internal groove 66 in the upper por-
tion of the cylinder wall. The head 63, with the snap
ring 65 mounted in its groove, need merely be forced
into the cylinder 14a and, when located opposite the
v-shaped groove 66, the snap ring will expand inherently
partially into the latter to releasably lock the cylinder
head 63 to the cylinder 14a.

The confined cylinder space 22 is formed between the
piston portion 19 of the kelly 13, the periphery of the
kelly above the piston, and the cylinder 14a. To pro-
vide this space, a suitable packing or side seal structure
67 is disposed in a suitable piston ring groove 68 formed
in the piston, which is adapted to slidably seal against
the cylinder wall 61 and the cylinder 14a. Fluid is there-
by prevented from passing in a downward direction be-
tween the piston 19 and the cylinder 14a. Similarly,
fluid is prevented from passing in an upward direction
out of thc annular cylinder space 22 by a cylindrical
packing or sealing structure 69 secured to the cylinder
14a and slidably engaging the periphery of the kelly 13.
This structure may take any suitable form. As shown,
it consists of the lower packing supporting ring or abut-
ment 72, that rests upon the upwardly facing body shoul-
der 73, and which has an upper portion 74 that can slid-
ably engage the periphery of the kelly 13, an intermediate
cam surface 75 that is spaced laterally outward from the
periphery of the kelly, and a lower surface 76 inclined
in a downward and outward direction. A non-metallic
packing 77, of any suitable material, rests upon the lower
abutment 72, its upper end engaging an upper packing
ring or abutment 78 bearing against a split retainer ring
79 received within an internal groove 80 in the cylinder
14a. The lower abutment 72 and the upper split retainer
ring 79 prevent longitudinal movement of the packing
structure 69 with respect to the bit body cylinder 14a.
The non-metallic packing portion 77 of the sealing struc-
ture 69 engages the cylinder wall 61 to prevent leakage
therealong, and also slidably seals against the periphery
of the drill stem portion 13 of the tubular mandrel 10.

Fluid under pressure in the string of drill pipe B and
within the tubular mandrel 19 can be fed into the cylin-
der space 22 through one or more side ports 81 extend-
ing through the tubular mandrel 13 immediately above
the piston portion 19, and establishing communication
between the central passage 46 through the kelly 13 and
the cylinder space 22. Such fluid under pressure can
be developed by restricting the area through the passage
17 in the mandrel below the ports 81, to cnable a back
pressure to be built up in the Kelly portion 13 of the
mandrel, which pressure will be imposed on the fluid
in the cylinder space 22 and acting upon the packing
structure 69, to urge the body 14 of the tool in an up-
ward direction with respect to the tubular mandrel 10,
and correspondingly elevate the cutter supporting mem-
bers 23 and cutters 27 with respect to the lock and ex-
pander portion 38 of the tubular member 34, expanding
the cutters 27 to their fullest extent.
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f‘\s ‘discloséd in the drawings, the restriction in ‘the
-fiuid flow through the tubular member 34 to build up
- the : above-described back pressure is accomplished by

providing the passage 47 through the tubular member 34 ..

witha substantially - lesser diameter -and area than the
diameter and area of the passage 46 through the Kelly
portion 13 of the mandrel thereabove.

In the manner described above, the cutters 27 can be
expanded to their fullest extent merely by-the act of
pumping the fluid under pressure through the drill pipe
B, the Kelly passage 48, and the tubular member passage
47, a back pressure ‘of fluid being built up, which passes
through the. inlet port 81 and into the confined cylinder
space 22, to elevate the body 14 of the tool to its fullest
extent with respect to the tubular mandrel 18. The tool
can be rotated, with the cutters 27 operating upon the
formation shoulder E, and the cutters will remain locked
in their outwardly expanded position so long as drilling
-weight is being imposed upon the drill pipe B and the
drill bit A. In the event the drill pipe and the drill
bit are elevated in the well bore C, and in the absence
of hydraulic pressure within the tool, the body i4 would
tend to drop down .along-the mandrél 180, allowing the
cutters 27 to return to their retracted position. There-
after, it would be necessary to first apply pressure to the
‘tool to reexpand the cutters 27 ‘before lowering the ap-
-paratus ‘back to the position in which the cutiers engage
the shoulder ‘E.

By virtue of the present invention, the cutters 27 are
prevented from retracting from'their maximum outward-
1y expanded position in the absence of fluid pressure
within the drill pipe B and the mandrel passages 46, 47,
and upon elevation of the tool A to raise its cutiers above
the shoulder E. To accomplish this purpose, fluid under
pressure .is trapped within the confined-cylinder space 12
-between the cylinder body portion %4a of the tool and
the Kelly portion 13 of the mandrel 1. Such trapping
1is - effected by preventing the ‘fluid under pressure that
passes through the inlet ports 81 from returning through
such -inlet ports. Thus, each inlet port is surrounded by
a valve seat 82 engaged by a valve element 83, which may
be in the form of a ball, urged inwardly against'the seat
by a suitable helical compression spring ‘84 engaging‘the
ball and a spring seat 85 in the kelly. The fluid under
pressure in the Kelly passage 46 can unseat each valve
ball element 83 against the force of the spring 84, pass-
ing around the ball and through an .outer :passage 86
in the kelly into the confined cylinder space 2Z2.

Because of the check or one-way vaive devices 82, 83
controlling ‘the flow of fiuid through the iniet passages
81, fluid passing through the inlet passages into the cylin-
der space is trapped therein and cannot return through
the inlet passages or ports. Accordingly, in the event
the fluid pressure in a string of drill pipe B and in the
mandrel 18 were relieved, fiuid under pressure would
still be present within the confined cylinder space 22, to
retain the cutters 27 in their outwardly expanded position.

However desirable it is to prevent inadvertent retrac-
tion -of the cutters 27, the latter are to be retracted when
the tool is to be removed through the well casing D to the
top -of the well bore. Accordingly, the fluid is allowed
to escape from the confined cylinder space 22 when the
cutters are to be retracted. One or a plurality of outlet
ports 87 (Fig. 3) may be provided through the kelly 13,
these ports establishing communication between the con-
fined cylinder space 22 and the Kelly passage 46. Fach
of these outlet poris &7 is controlled by a valve device,
including a valve seat 88 surrounding the outlet port,
and engaged by a valve element 89, that may be in the
form of a ball, urged in an outward direction into en-
gagement with the seat by a suitable helical compression
spring 99 bearing against the ball 8% and against a spring
seat 91 formed in the kelly.

Fluid under proper pressure in the confined cylinder
space 22 can urge each release valve element 89 inward-
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‘position.

ly from its seat 88, flowing around the valve element

and inwardly through the outlet passage 87 into the cen-

tral passage 46 through the Lelly. However, fluid cannot

-escape from the confined cylinder space 22 through the

outlet passages 87 unless the pressure of the fluid in the
cylinder space exceeds a predetermined maximum value,
which is determined by the force of -each spring $6- tend-
ing to hold the valve ball §9 engaged with its seat ‘88.
The spring 2§ will insure the retention of fluid under a
pressure differential in the cylinder space 22, inasmuch
as it will only allow fluid to bleed past the valve:member
89 and through 'the outlet passages 87 until the pressure
differential in the cylinder space 22 is equal to the unit
pressure necessary to overcome the force of the outlet
or exhaust valve springs 90.

The spring force is selected so that a certain minimum
pressure will be retained in the confined cylinder space
22. .As an example, the springs 98 may exert a-foree cor-
responding to 200 p. s. i. differential in the cylinder space
22, which will be applied over the whole area of the
annular space between the wall 61 of the cylinder 14a
and the periphery of the mandrel 18 above the piston
19, tending to hold the cuiters 27 in their fully expanded
If this area is ten square inches, for example,
then a total of 2000 Ibs. hydraulic force is available to
hold the body 14 in its upward position along the mandrel
10, and the cutters 27 in their outwardly expanded posi-
tion.

The fluid under pressure from the cylinder will be
forced out through the cutlet ports 87 against the action
of the check valve 83, 98 when the tool is raised in the
well bore C to a position in which the cutter supporting
members 23 engage a smaller diameter bore hole above
the enlarged well bore portion, or the casing shoe F.
When contacting the casing shoe, the body 14 of the tool
cannot move upwardly to any further extent, whereupon
an upward pull taken on the drill string B and the man-
drel 30 will move the piston 19 upwardly within the body,

‘imparting a greater pressure to the fluid in the cylinder

space 22 and forcing it outwardly through the outlet
ports 87 into the central passage 46 through the kelly.
The fluid will be forced outwardly until the mandrel 10
has been elevated within the body 14 to its fullest extent,
as determined by engagement of the piston 19 with the
lower abutment member 72 of the packing structure 69.

The outlet ports 87 are preferably provided through
the mandrel wall, usually immediately above the piston
19 so-as to insure the outward forcing of sand, or other
foreign materials, that might be contained in the fluid
within the cylinder. If the outlet ports 87 were disposed
at a higher position within the mandre! 19, then the sand
might tend to settle out of the drilling fluid within the
¢ylinder space 22 and remain upon the piston 19 below
the outlet ports, thereby preventing elevation of the
mandrel 10 within the body to the extent necessary to
insure full retraction of the cutter supporting members
23 and the cutters 27.

In place of, or in addition to, the valve controlied out-
let passages or ports 87 described above, an upper outlet
port ‘or ports 92 can be provided in the kelly 13, this
port establishing communication between the central
passage 46 through the kelly and the confined cylinder
space 22. FEach upper passage 92 is surrounded by a
valve seat 93 adapted to be engaged by a valve element
94, in the form of a ball, that is forced outwardly against
the seat by a helical compression spring 95 engaging the
ball 94 and a spring seat 96 in the kelly. Essentially,
each of these upper valve members 94 functions in the
same way as the lower set of outlet or exhaust valve
devices 8%. An excess of pressure in the fluid in the
cylinder space 22 beyond the unit pressure corresponding
to the force of the springs 95 will unseat the ball valve
element 94 and allow the fluid in the cylinder space 22
to pass through the outlet passages 92 back into the cen-
tral passage 46 through the kelly 13. This action will
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‘occur as a result of the relieving of the pressure in the
drill pipe B and Kelly passage 46, wh‘ereupon the excess
-of pressure in the cylinder space 22 will }mseat thp check
valve 94 and allow escape of some fluid back into the
central passage through the kelly. o ]

In the present instance, however, it is desired to rfel.xeve
all of the pressure in the cylinder space 22, to facilitate
retraction of the cutters 27 and avoid potential da_mage
or injury in the event the tool is taken apart after it has
been retrieved from the well bore. Accordingly, the
upper set of valve devices 94, 95 is .positively openecd
upon elevation of the mandrel 10 with respect to the
body 14. Assuming that the apparatus has been elevated
until the expandzd cutter supporting members 23 engage
the casing shoe F, then the taking of an upward strain
on the mandrel 10 will shift it upwardly along the b'ody
14, the fluid under pressure escaping through the various
outlet passages 87, 92 back into the central passage 46
through the kelly 13. After partial movement of the
mandrel 10 uvpwardly with respect to the body 14, the
upper ball valve element 94, that extends partly into the
confined cylinder space 22, will engage the tapered sur-
face 76 of the lower abuiment member 72, which will
force the balls 94 inwardly against the action of their
springs 95 away from their companion valve seats 93,
thereby aliowing the fluid under pressure in the cylinder
space 22 to pass relatively freely through the upper out-
let passages 92 back into the central Kelly passage 4§.
Continued upward movement of the mandrel 10 within
the body will cause the upper ball members to slide along
the inner surface 75 of the abutment 72, which will hold
the valves 94 in their open position.

The upper set of relief valves 94, 25 can be used in
place of the lower set 8%, 90, or both sets can be used,
as desired. In the event that Doth ssts are used, then
the lower sel will tend tc minimize the opportunity for
sand, or other forzign substances, in the cylinder space
22 to be packed therein and prevent full retraction of
the cutters 27 and the cutter supporting members 23.
Daspite the mechanical opening of the upper valve mem-
bers 94, any sand in the cylinder space 22 can still be
forced out through the lower outlet passages 87 to insure
full elevatiocn of the mandrel 1€ within the body 14 to
the extent in which the piston 19 will engage the lower
end of the lower abutment 72.

A safety feature is embodied in the apparatus to enable
the cutters 27 to be retracted in the event the cylinder
space 22 becomes packed with sand or foreign substances
that pluz the passages 87, 92 and thereby prevent bleed-
ing of the fluent material in the cylinder space back
through thesc outlet passages into the interior 46 of the
kelly 3. It is to be noted that the split ring 15 releas-
ably securing the cylinder head 63 to the cylinder 14a
engages the tapered walls of the inner cylinder groove
66. Accordingly, the imposition of a sufficient upward
longitudinal force on the cylinder head 63 will cause the
upper tapered groove surface to force the ring 65 in-
wardly out of the groove 66, and allow the head to
mave upwardly out of and away from the cylinder 14q.
The upper side $9a of the groove 80 for the split retainer
ring 7% is also tapered in an inward and upward direc-
tion, engaging a companion tapered surface on the outer
corner of the split ring 79. When this ring 79 is sub-
iected to a sufficient upward axial or longitudinal forcg,
it will be shifted upwardly along the tapered upper
groove surface 86« and inwardly out of the greove 82.
“When this occurs, the remainder of the packing structure
69 can move upwardly within the body 14 of the tool.

In the event the cylinder space 22 has been substan-
tially completely sanded up after the cutters 27 have been
locked in their expanded position, the apparatus can be
elevated until the cutter supporting members 23 engage
the casing shee F, which will prevent further upward
movement of the body 14 at this time. The taking of
an upward pull on the drill pipe B and the mandrel 19
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will then urge the piston 19 in an upward direction, the
upward force being transmitted through the sand accu-
mulation in the cylinder space 22 to the upper backing
structure 69. When this force exceeds the force that
inherently holds the upper retaining ring 79 in its groove,
the ring 79 will be urged inwardly because of its action
against the tapered surface 80« of the groove, which will
release the ring 79 and cause the packing assembly 69
to move upwardly in the body with the mandrel. This
combination will move upwardly until the upper retainer
ring 79 engages the lower end of the cylinder head 63.
The upward force is then transmitted to the cylinder head
63 to force its retainer ring 65 out of the cylinder groove
66, the head then being carried upwardly with the pack-
ing structure 69 and mandrel 10 out of the body 14 of
the tool. The mandrel 10 can move upwardly in the
body 14 to the extent determined by engagement of the
tubular member lock portion 38 with the cutter support-
ing members 23, with the lock portion 38 located dis-
posed opposite the supporting member rccesses 37, allow-
ing the cutter supporting member 23 and the cutters 27
to retract completely within the confines of the body 14,
permitting the apparatus A to be moved within the well
casing D and elevated to the top of the well bore.

It is, therefore, apparent that a drill bit apparatus has
been provided in which the cutters 27 can be expanded
hydraulically by pumping fluid through the drill bit, the
fluid under pressure passing through the inlet passages
81 into the cylinder space 22 to elevate the drill bit
body 14, cutter supporting members 23 and cutters 27
with respect to the mandrel 10, to expand the cutters lat-
erally outward to their maximum position, where they
are locked in such maximum outward position. The
inlet passages are closed against return flow of fluid there-
through by the check valves 83, trapping fluid under a
pressure differential within the cylinder space 22, that
will remain therein when the fluid pressure within the
drill pipe B and the mandrel 10 is relieved. The pres-
sure differential within the cylinder space 22 is depend-
ent upon the force of the springs 90, 95 urging the outlet
valve devices 89, 94 against their respective secats 88,
93, to prevent bleeding of the fluid under pressure back
into the interior of the Kelly passage 46. Thus, the cut-
ters 27 will remain in their outwardly expanded posi-
tions until it is desired to withdraw the tool from the
well bore.

When the drill pipe B is elevated, to clevate the bit
A therewith, the cutters 27 will remain in their outward
expanded position until a restriction in the well bore is
encountered, such as the casing shoe F. The cutter sup-
porting members 23 will engage the casing shoe, to pre-
vent upward movement of the body 14 at this time. Con-
tinued upward movement of the mandrel 10 will then
apply additional pressure to the fluid in the cylinder space
22, by means of the piston 19, the increased pressure
of the fluid opening the outlet valves 89, 94, and allow-
ing the fluid to exhaust from the confined cylinder space
22 into the Kelly passage 46, the piston 19, of course,
moving upwardly in the body 14 during this time to ele-
vate the lock portion 38 of the mandrel to its fullest
extent with respect to the cutter supporting members 23,
allowing the latter and the cutters to shift completely
to their retracted positions. Assurance is had that the
fluid pressure in the cylinder space 22 is relieved by vir-
tue of the engagement of the upper set of exhaust valve
elements 94 with the cam device 72 that will shift and
hold them in their open position.

In the event that any sand accumulates in the cylin-
der space 22, it can be forced out through the lower
outlet passages 87, or, if the cylinder space is plugaed
with sand or other foreign substances to the extent pre-
venting their outward movement through the outlet pas-
sages 87, then the imposition of sufficient upward force
on the piston 19 and the sand accumulation will release
the rings 79, 65 and shift the entire packing assembly
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.69, and the sand itself, upwardly .along .the body 14,
which will, of course, allow the piston 19 and the.mandrel
1§ to shift upwardly along. ths body 14 to the extent nec-
essary to secure complete retraction of the cutters 27
within the confines of the bit body.

The inventor cla1ms

1. In a rotary well drilling bit connectible to a tubular
drill string: a main body; cutter means mounted on said
body for expansion laterally of said body; hydraulically
operable means .operatively connected to said cutter
means and subject .to .the pressure of fluid in the drill
string for expanding said.cutter means laterally outward;
and means for entrapping fuid. under pressure in said
hydrauhccily .operable means to hold said cutter means

expanded laterally outward upon relieving pressure on-

the -fluid in the drill string.

2. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means. mounted on
Asald bady for. expansmn laterally of said body; hydrau-

lically operable means .operatively connected to said cut- .

ter means and subject to the pressure of fluid in the drill
string for expanding said cutter means laterally outward;
means for entrapping fluid under pressure in said hy-
draulically operable means to hold said cutter means ex-
panded laterally outward upon relieving pressure .on. the
fluid in the drill string; and means for releasing such
enirapped fluid from said hydraulically operable means
to allow retraction of said cutter means.

" 3. In a rotary well drilling. bit connectible to a tubu-
lar drill string: a main body having a fluid passage there-
in adapted to commumcate with the tubular drill string;
cutter means mounted on said body for expansion lat-
erahy of said body; hydraulically operable means opera-
tively connected to said cutter means; an inlet for con-

ducting fluid. under pressure from said passage to said -

hydraulically ‘operable means to actuate said hydraulical-
Iy operable means and expand said cutter means lateral-
ly outward; a first valve controlling said inlet to allow
fluid to flow from said passage through said inlet to said
hydraulically operable means and to prevent flow of fluid
through said inlet in the reverse direction; an outlet for
condiicting'ﬁuid from said hydraulically operable means
to said passage; and a second valve controlhng said out-
let, sald second valve being opened in respomse to a
pressure differential of fluid in said hydraulically oper-
able means exceeding a. predetermined value.

4, Ina rotary well drilling bit connectible to a tubu-
lar drill strmg a main body having a fluid passage there-
in adapted.to communicate with the tubular string; cut-
ter means mounted on said body for expansion laterally
of said body; hydraulically operable means operatively
connected to said cutter means; passage means for con-
ducting fluid between said passage and hydraulically op-
erable means; valve means in said passage means con-
trolling flow of fluid therethrough to allow fluid under
pressure to flow from said passage through said passage
means to said hydraulically operable means and to pre-
vent flow from said hydraulically operable means through
said passage means to said passage; and means for actu-
ating said valve means to allow fiuid to flow from said
hydraulically operable means through said passage means
to said passage.

5. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body having a fluid passage there-
in adapted-tc communicate with the tubular string; cut-
ter means mounted on said body for expansion laterally
of said body; hydraulically operable means operatively
connected to said cutter means; passage means for con-
ducting fluid between said passage and hydraulically op-
erable means; valve means in said passage means con-
trolling flow of fluid therethrough to allow fluid under
pressure -to flow from said passage through said passage
means-to said hydraulically operable means and to pre-
vent-flow-from said hydraulically operable means through
said passage means to said passage; and means on said
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. hydraulically operable means: engageable with .at least
- part of said valve means to. shift said part of said.valve

means to open position to :/low fluid to flow from -said
hydraulically operable means through said passage means
to said passage.

6. In a rotary well drilling bit connectible .to a tubu-
lar drill string: a main body having a fluid passage:therein
adapted to communicate with the tubular drill string;
cuiter means mounted on said body for expansion later-
ally of said body; hydraulically operable. means opera-
tively connected to said cutter means; an inlet for con-
ducting fluid under pressure from said passage to said
hydraulically operable means to actuate said-hydraulically

.operable means and expand said cutter means laterally.out-
ward; a first valve controlling said .inlet to.allow fluid to

flow from said passage through said inlet to said -hy-
draulically. opcrable means and to prevent-flow of fluid
through said inlet in the teverse direction; an outlet-for
conducting fluid from said hydraulicaily .operable means
to said- passage; a second.valve controlling said. outlet,
said second valve being opened in response the the -pres-
sure differential of fluid in.said hydraulically operable
means exceeding a predetermined value; and means on
said hydraulically operable means engageable with said
second valve to shift said second valve to open position.

7. In a, rotary well drilling bit connectible to .a-drill
string: a main bedy; cutter means mounted on said body
for expansion laterally of said body;.a mandrel connecti-
ble to the drill string and. slidably splined to said- body,
whereby driiling torque can be transmitted from -said
mandrel to said body; coengageabie expander means on
said mandrel and cutter. means; hydraulically operable
means on said body subject to the pressure of fluid in the
drill string for elevating said body and cutter means ‘with
respect fo said mandrel to cause said expander means to
expand said cutter means laterally cutward; and means
for entrapping fluid under pressure in said hydraulically
operable means to hold said cutter means expanded
laterally outward upon relieving pressure on the fuid
in the drill string.

8. Ina rotary well drilling bit connectible to a drill
string: a main body; cutter means mounted on said body
for expansion laterally of said body; a mandrel connecti-
ble to the drill string and slidably splined to szid body,
whereby drilling torque can be transmitted from said
mandrel to said body; coengageable expander means en

said mandrel and cutter means; hydraulically operable

means on said body subject to the pressure of fluid in the
drill string for elevating said body and cutter means with
respect to said mandrel to cause said expander means to
expand said cutter means latcra;ly outward; means for
entrapping fluid under pressure in said hydrzvuhcally oper-
able means to hold said cutier means exgahded laterally
outward upon relieving pressure on the fluid in the drill
string; and means, for releasing such entrapped fluid from
said hydr uhcally operable means to allow retraction of
said cutter means.

9. In a rotary well drilling; bit connectible to a tubular
drill string: a main body; cutter means mounted on said
body for expansion laterally of said body; a.mandrel con-
nectible to a drill string and slidably splined to said body,
whereby drllhng torque can be transmitted from said
mandrel to said body; said mandrel having a finid passage
communicating with the drill string; coengageable ex-

:Dander means on said mandrel and cutter means; hy-
drauhcally operable means on said body; means for feed-

ing fluid under,pressure from said passage into said hy-
dlauhcally operable means to elevate said body and cutter
‘means with respect to said mandrel to cause said expander

means to expand said cutter means laterally outward; and

check valve means in said feeding means to allow fluid
flow from said passage to said hydraulically operable
means and to prevent flow of fluid in the reverse direction.

10. In a rotary well drilling bit connectible to a tubu-

lar drill string: 2 main bogiy; cutter means .mounted on



2,755,070

11

said body for expansion laterally of said body; a mandrel
connectible to a drill string and slidably splined to said
body; said mandrel having a fluid passage communicat-
ing with the drill string; coengageable expander means
on said mandrel and cutter means; hydraulically operable
means on said body; means for feeding fluid under pres-
sure from said passage into said hydraulically operable
means to elevate said body and cutter means with respect
to said mandrel to cause said expander means to expand
said cutter means laterally outward; check valve means
in said feeding means to allow fluid flow from said pas-
sage to said hydraulically operable means and to pre-
vent flow of fluid in the reverse direction; and means re-
sponsive to the pressure of fluid in said hydraulically
operable means to allow fluid to escaps from said hy-
draulically operable means.

11. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for expansion laterally of said body; a mandrel
connectible to a drill string and slidably splined to said
body, whereby drilling torque can be transmitted from
said mandrel! to said body; said mandrel having a fluid
passage communicating with the drill string; coengage-
able expander means on said mandrel and cutter means;
hydraulically operable means on said body; means for
feeding fluid under pressure from said passage into said
hydraulically operable means to elevate said body and
cutter means with respect to said mandrel to cause said
expander means to expand said cutter means laterally
outward; check valve means in said feeding means to allow
fluid flow from said passage to said hydraulically oper-
able means and to prevent flow of fluid in the reverse
direction; means for exhausting fluid from said hydrau-
lically operable means to said passage; and valve means
in said exhausting means to control flow of fluid there-
from,

12. In a rotary well drilling bit connectible to a tubu-
lar drill string; a main body; cutter means mounted on said
body for expansion laterally of said body; a mandrel con-
nectible to a drill string and slidably splined to said
body; said mandrel having a fluid passage communicat-
ing with the drill string; coengageable expander means on
said mandrel and cutter means; hydraulically operable
means on said body; means for feeding fluid under pres-
sure from said passage into said hydraulicaily operable
means to elevate said body and cutter means with respect
to said mandrel to cause said expander means to expand
said cutter means laterally outward; check valve means
in said feeding means to allow fluid flow from said pas-
sage to said hydraulically operable means and to pre-
vent flow of fluid in the reverse direction; means for ex-
hausting fluid from said hydraulically operable means to
said passage; valve means in said exhausting means to
control flow of fluid therefrom; and means on said hy-
draulically operable means engageable with said last-
mentioned valve means to shift said last-mentioned valve
means to epen position.

13. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for cxpansion laterally of said body; hydrauli-
cally operable means operatively connected to said cut-
ter imeans and subject to the pressure of fluid in the drill
string {or expanding said cutter means laterally outward;
means for cuirapping fluid under pressure in said hydrau-
lically operable means io hold said cutter means expanded
Iaterally outward upon relieving pressure on the fluid in
the drill string; said hydraulically operable means includ-
ing a head portion; means releasably securing said head
portion to the remainder of said hydraulically operable
means; said releasable means being released when said
head portion is subjected to a predetermined force within
said hydraulically operable means.

14. In a rotary well drill bit connectible to a dril] string:
a main body; cutter means mounted on said body for ex-
pansion lateraliy of said body; a mandrel connectible to
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the drill string and slidably splined to said body; coen-
gageable expander means on said mandrel and cutter
means; hydraulically operable means on said body sub-
ject to the pressure of fluid in the drill string for elevat-
ing said body and cutter means with respect to said man-
drel to cause said expander means to expand said cutter
means laterally outward; means for entrapping fluid un-
der pressure in said hydraulically operable means to hold
said cutter means expanded laterally outward upon re-
lieving pressure on the fluid in the drill string; said hy-
draulically operable means including a head portion;
means releasably securing said head portion to the remain-
der of said hydraulically operable means; said releasable
means being released when said head portion is subjected
to a predetermined force within said hydraulically opera-
ble means.

15. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for expansion laterally outward of said body;
a mandrel connectible to the drill string and slidably
splined to said body, whereby drilling torque can be trans-
mitted from said mandrel to said body; coengageable ex-
pander means on said mandrel and cutter means; said body
having a cylinder portion above said expander means
slidably and sealingly engaging said mandrel; said man-
drel having a fluid passage communicating with the driil
string and cylinder portion to feed fluid under pressure
into said cylinder portion to elevate said body and cutter
means with respect to said mandrel to cause said expand-
er means to expand said cutter means laterally outward;
and means for entrapping fluid under pressure in said
cylinder portion to hold said cutter means expanded lat-
erally outward upon relieving pressure on the fluid in the
driil string.

16. 1n a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for expansion laterally outward of said body;
a mandre] connectible to the drill string and slidably
splined to said body; coengageable expander means on
said mandrel and cutter means; said body having a cylin-
der portion above said expander means slidably and seal-
ingly engaging said mandrel; said mandrel having a fluid
passage communicating with the drill string and cylinder
portion to feed fluid under pressure into said cylinder por-
tion to elevate said body and cutter means with respect to
said mandrel to cause said expander means to expand said
cutter means laterally outward; means for entrapping fluid
under pressure in said cylinder portion to hold said cut-
ter means expanded laterally ontward upon relieving pres-
sure on the fluid in the drill string; said cylinder portion
including a head; means releasably securing said head to
the remainder of said cylinder portion; said releasable
means being released when said head is subjected to a
predetermined force within said cylinder portion.

17. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for expansion laterally outward of said body;
a mandrel connectible to a drill string and slidably splined
to said body; coengageable expander means on said man-
drel and cutter means; said body having a cylinder por-
tion above said expander means slidably and sealingly en-
gaging said mandrel; said mandrel having a central fluid
passage communicating with the drill string and lateral
inlet passage communicating with said fluid passage and
opening into said cylinder portion to feed fluid under pres-
sure into said cylinder portion to elevate said body and
cutter means with respect to said mandrel to cause said
expander means to expand said cutter means laterally
outward; a first valve controlling said inlet passage to al-
low fluid to flow from said central passage through said
inlet passage into said cylinder portion and to prevent flow
of fluid through said inlet passage in the reverse direc-
tion; an outlet passage for conducting fluid from said cyl-
inder portion to said central passage; and a second valve
cont;ol}ing said outlet passage, said second valve allowing
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fluid to flow from said cylinder portion through said out-
let passage to said central passage and preventing flow of
fluid through said outlet passage in the reverse direction.

18. In a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for expansion laterally outward of said body;
a mandrel connectible to a drill string and slidably splined
to said body; coengageable expander means on said
mandrel and cutter means; said body having a cylinder
portion above said expander means slidably and sealingly
engaging said mandrel; said mandrel having a central
fluid passage communicating with the drill string and
a lateral inlet passage communicating with said fluid
passage and opening into said cylinder portion to feed
fluid under pressure into said cylinder portion to elevate
said body and cuiter means with respect to said mandrel
to cause said expander means to expand said cutter means
laterally outward; a first valve controlling said inlet pas-
sage to allow fluid to flow from said central passage
through said inlet passage ‘into said cylinder portion
and to prevent flow of fluid through said inlet passage
in the reverse direction; an outlet passage for conducting
fluid from said cylinder portion to said central passage;
a second valve controlling said outlet passage, said sec-
ond valve allowing fluid to flow from said cylinder por-
tion through said outlet passage to said central passage
and preventing flow of fluid through said outlet passage
in the reverse direction; and means on said second cylin-
der portion engageable with said second valve for shifting
said second valve to open position.

19. 1n a rotary well drilling bit connectible to a tubu-
lar drill string: a main body; cutter means mounted on
said body for expansion laterally outward of said body;
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a mandrel connectible to a drill string and slidably splined
to said body; coengageable expander means on said
mandrel and cutter means; said body having a cylinder
portion above said expander means slidably and sealingly
engaging said mandrel; said mandrel having a central
fluid passage communicating with the drill string and
a lateral inlet passage communicating with said fluid
passage and opening into said cylinder portion to feed
fluid under pressure into said cylinder portion to elevate
said body and cutter means with respect to said mandrel
to cause said expander means to expand said cutter means
laterally outward; a first valve controlling said inlet pas-
sage to allow fluid to flow from said central passage
through said inlet passage into said cylinder portion
and to prevent flow of fluid through said inlet passage
in the reverse direction; an outlet passage for conducting
fluid from said cylinder portion to said central passage;
a second valve controlling said outlet passage, said sec-
ond valve allowing fluid to flow from said cylinder por-
tion through said outlet passage to said central passage
and preventing flow of fluid through said outlet passage
in the reverse direction; said cylinder portion including
a head; and means releasably securing said head to the
remainder of said cylinder portion; said releasable means
being released when said head is subjected to a predeter-
mined force within said cylinder portion.
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