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[57] ABSTRACT

A hole drilling tool, useful in mining operations for en-
larging the lower portion of a hole for explosives, is
described. This underreamer has arms movable be-
tween a retracted position and an extended position
for underreaming in response to weight of the drill
string above the tool. The two cutter arms are urged
outwardly into their extended position by a cam con-
nected to the upper end of the drill string. In effect the
cutter-arms are connected to the lower end of the drill
string which can telescope relative to the upper end.

The pivot pin for the cutter arms is hollow for by-

passing a portion of compressed air to the cutters for
cooling while another portion of the air passes in
parallel to the lower portion of a drill string.

A latching selector sub is connected serially with the
underreamer for latching the cutter arms in their
retracted position in response to fluid pressure within
the drill string. The selector sub permits collapse of
the telescoping underreamer when telescoping force is
applied prior to fluid pressure. Conversely telescoping
is prevented and the cutter arms are retained in their
retracted position when fluid pressure is applied prior
to the application of telescoping force.

29 Claims, 10 Drawing Figures
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1
UNDERREAMER

BACKGROUND

Rotary drills are commonly used for earth boring
operations. Such drills are employed in oil and gas wells
where the drill string proceeds to great depths. In such
operations a drilling “‘mud” is typically pumped down
the drili string for cooling the drilling. cutters. When
drilling oil and' gas wells it is sometimes desirable to
“‘underream” the hole, that is to enlarge the diameter
of the hole being drilled at some point a substantial dis-
tance below the surface: To effect this, a variety of un-
derreamers, hole openers or the like have been devised.
In such operations the fluid pressure due to the drilling
mud can be employed:for actuating the underreaming
tool. ‘In deep well drilling operations it is typical to
withdraw the drill string from the hole and install a suit-
able underreamer either alone or in series with a con-
ventional pilot drill. When' the drill string has been
tripped back into the hole, pressure of drilling fluid is
applied and through any of a variety of prior mecha-
nisms the cutter arms on the underreamer are urged
outwardly for enlarging the selected portion of the
hole. After drilling, the cutter arms are retracted and
the underreamer withdrawn from the hole. Typically
such underreamers are extended. whenever drilling
fluid pressure is applied, which is at all times when dril-
ling is being conducted. '

In mining operations it is typical to use somewhat
shorter drill strings which do not extend so deeply into
the ground and the drilling fluid is often compressed air
instead of a slurry of mud and water. Generally speak-
ing the air pressure is not sufficient for actuating the
heavy cutter arms of an underreamer. Underreaming is
desirable in many mining operations for enlarging the
lower portion of a drill hole so that an adequate quan-
tity of explosives can be inserted for breaking the earth
formations and permitting mucking of the fragmented
earth.

Since the drill strings are shorter, tool wear does not
require round tripping of the drill string during the
course of most drilling operations. It is therefore desir-
able to have a means for underreaming a blast hole
without first withdrawing the drill string and installing
an underreamer. It is also desirable to have an under-
reamer that can be actuated by means other than the
fluid pressure of drilling fluid. Since the underreamer
should be in the drill string during drilling of the pilot
hole it is desirable to have means for latching the un-
derreamer so that its cutting arms are in a retracted po-
sition during at least a portion of the drilling opera-
tions.

BRIEF SUMMARY OF THE INVENTION

There is therefore provided in practice of this inven-
tion according to a presently preferred embodiment, an
underreamer having a lower body connectable to the
lower portion of a drill string and an upper body con-
nectable to the upper portion of a drill string. The
upper and lower bodies are connected together by
means for transmitting torque therebetween and also
permitting limited telescoping of the upper and lower
bodies between a relatively longer length and a rela-
tively shorter length. A plurality of cutter arms are piv-
otally mounted on one body and the other body inter-
acts therewith for urging the cutter arms outwardly to
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2

an underreaming position when the bodies are tele-
scoped to their shorter length and permitting the cutter
arms to retract inwardly to a clearance position when
the bodies are in their relatively longer condition. Fur-
ther, means are provided for latching the arms in their
retracted position by inhibiting telescoping of the
upper and lower bodies. Drilling fluid pressure may be
used for selectively unlatching the upper and lower bo-
dies and hence the cutter arms. Means are provided
for conveying compressed air through the pivot pin
for the cutter arms for cooling the cutter assemblies
while another portion of compressed air is con-
veyed to the lower portion of a drill string.

DRAWINGS

These and other features and advantages of the pres-
ent invention will be appreciated as the same becomes
better understood by reference to the following de-
tailed description of a presently preferred embodiment
when considered in connection with the accompanying
drawings wherein:

FIG. 1 illustrates in side view a combined under-
reamer and latching selector sub constructed according
to principles of this invention;

FIG. 2 illustrates in longitudinal cross-section the
lower underreamer portion of the combination of FIG.
1 with cutter arms in a retracted position; :

FIG. 3 is a longitudinal cross-section similar to FIG.
2 with the cutter arms extended;

FIG. 4 is a transverse cross-section of the under-
rcamer at the pivot for the cutter arms;

FIG. § is a fragmentary longitudinal cross-section
transverse to the cross-sections of FIGS. 2 and 3;

FIG. 6 is a transverse cross-section at torque trans-
mitting splines within the underreamer;

FIG. 7'is a longitudinal cross-section of the latching
selector sub portion of the combination in its latched
position;

FIG. 8 is a longitudinal cross-section similar to FIG.
7 with the selector sub in its unlatched position;

FIG. 9 is a composite longitudinal cross-section
transverse to the cross-sections of FIGS. 7 and 8 illus-
trating the selector sub in its latched position (on the
right side) and in its unlatched position (on the left
side); and

FIG. 10 is a transverse cross-section through the se-
lector sub in the latched position as illustrated in FIG.
7.

DESCRIPTION

FIG. 1 illustrates in side view a combined under-
reamer and latching selector sub constructed according
to principles of this invention. As illustrated in this
presently preferred embodiment the underreamer has
a lower body portion 11 which is connected to a lower
portion of a drill string 12 by a conventional threaded
joint 13 (FIG. 2). The lower portion 12 of the drill
string typically includes a conventional drill (not
shown) for forming a hole in the earthas the drill string
is rotated. Such drills are conventional and, forming no
part of this invention, are not further described herein.
The drill is usually coupled directly to the under-
reamer.

A sleeve 14 is connected to the lower body 11 and
extends upwardly to surround a portion of a latching
selector sub 16. The upper end of the latching selector
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sub is connected to the upper portion 17 of a drill string
by a conventional threaded joint 18 (FIG. 7). The
upper drill string is a series of pipes connected to a ro-
tary drilling rig.

A pair of cutter arms 19, better seen in FIGS. 2 to §,
are mounted on the lower body 11 by a pivot pin 21.
Rock crushing cutters 22 of the conventional sort, and
illustrated schematically, are mounted for rotation on
the lower ends of the two cutter arms 19 respectively.
Each cutter arm has a lower portion 23 on which the
cutter 22 is mounted and an upper follower portion 24
on the opposite side of the pivot pin 21. The upper por-
tions 24 are each half the width of the lower portion 23
so that the two arms are mounted on the pivot pin in
a scissors fashion. A curved follower 25 is formed at the
upper end of the upper portion 24 of each cutter arm.
As best seen in FIG. 4, the arms are mounted in a slot
26 extending across the lower body 11. In the lower
portion the arms are the full width of the slot so that the
cutters are radially outwardly from the center line of
the underreamer. The half width portions of the cutter
arms are on opposite sides of the center line of the un-
derreamer and can swing past each other so that the
two arms swing in opposite directions.

A stop lug 27 is boited onto the lower body 11 to par-
tially close the sides of the slot. The stop lugs are inac-
tive when the cutter arms are in their retracted position
as seen in FIG. 2. When the cutter arms are extended
as illustrated in FIG. 3, a shoulder 28 on each cutter
arm engages the respective stop lug 27 and limits the
outward extent of the cutters. Engagement of the
shoulders with the stop lugs determines the size of the
underreamed portion of the hole.

The lower body 11 extends upwardly from the loca-
tion of the cutter arms and terminates in three fingers
or splines 29 at its upper end. The ends of these three
splines each of which is 60° wide is seen in FIG. 6. The
three splines 29 on the lower body are interspersed be-
tween three similar splines or fingers 31 on an upper
body 32. The upper body 32 has a male thread 33 at its
upper end which is connected to a corresponding fe-
male thread 34 in the lower end of the latching selector
sub 16 (FIGS. 7 and 8).

A camming plunger 36 is secured to the upper body
32 by a pair of roll pins 37 and a transversely extending
shear pin 38. These maintain the camming plunger 36
in fixed rotational and longitudinal position relative to
the upper body. At the lower end of the camming
plunger there are a pair of cam faces 39. The two cam
faces 39 face in opposite directions at an angle of about
45° to the axis of the underreamer. Each of the cam
faces 39 is opposite the respective curved following
surface 25 on the upper end 24 of one of the cutter
arms 19. A pocket 41 is provided above each of the
camming surfaces 39.
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The lower body 11 and upper body 32 are free to ,

telescope relative to each other to a limited extent.
Thus, for example, as illustrated in FIG. 2 when the un-
derreamer is hanging free suspended from above by the
drill string without an upward force on the lower end
thereof, the lower body drops relative to the upper
body. When the underreamer is in this relatively longer
position the cutter arms 19 are free to pivot so that the
cutters 22 are retracted to a position within the exter-
nal contour of the underreamer. A gap opens up be-
tween the extreme ends of the splines 29 and 31 and
the roots of the corresponding splines 31 and 29 re-
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spectively. The extent of drop of the lower body rela-
tive to the upper body is limited by a pair of interengag-
ing shoulders 42 on the upper body 32 and sleeve 14
respectively.

When the underreamer is in this relatively longer po-
sition as illustrated in FIG. 2 torque is transmitted via
the drill string to the upper body 32 and through the in-
terengaging splines 31 and 29 to the lower body 11.
This in turn transmits the torque to lower portions 12
of the driil string such as, for example, a pilot drill (not
shown). .

When the lower end of the drill string engages the
bottom of a hole the weight of the drill string on the
upper body applies a compression force to the under-
reamer, tending to collapse the telescoping upper and
lower bodies, thereby closing the gap at the splines and
opening a gap between the shoulders 42 as illustrated
in FIG. 3. As the upper body telescopes relative to the
lower body towards this shorter position the camming
faces 39 on the plunger 36 engage the followers 25 on
the upper ends of the cutter arms 19. These camming
surfaces spread the upper ends 24 of the cutter arms
apart and since they are mounted in scissors fashion on
the pivot pin 21, the lower ends 23 of the cutter arms
are also pivoted outwardly. This causes the cutters 22
to be extended towards their underreaming position.
As the followers reach the ends of the camming faces
39 they are accommodated within the pockets 41 in the
plunger. The outward extent of the cutters is limited by
engagement of the shoulder 28 on each cutter arm with
the respective stop lug 27.

Thus as the drill string is fowered in a hole the weight
of the lower end thereof keeps the underreamer in its
relatively longer position and permits the cutter arms
19 to remain in their retracted position as shown in
FIG. 2. When the bottom of the drill string engages the
bottom of the hole the upper and lower bodies of the
underreamer telescope towards each other and the
camming plunger urges the cutter arms relatively out-
wardly in a scissors fashion for enlarging the diameter
of the hole.

Another feature of the preferred underreamer is the
air cooling available. The camming plunger 36 has an
axial bore 43 extending from its upper end and termi-
nating short of the camming surfaces 39. This trans-
verse bore receives compressed air through the upper
portion of the drill string. An elongated opening 44 ex-
tends through the side of the camming plunger near the
lower end of the bore 43. Seals 46 above and below the
transverse opening 44 limit air leakage.

A passage 47 is provided along one side of the lower
body 11 as best seen in FIGS. 4 and 5. A transverse
hole 48 provides fluid communication between the pas-
sage 47 and the region between the seals 46 on the
camming plunger. Another opening 49 (FiGS. 2 and 3)
at the lower end of the passage 47 admits compressed
air to the region above the threaded joint 13 leading to
the lower end of the drill string. With such an arrange-
ment compressed air comes down the drill string
through the bore 43 and the opening 44 into the region
between the seals 46 between the camming plunger and
the lower body. Air then flows through the opening 48
and passage 47 to exit from the lower opening 49 into
the lower portion of the drill string.

Compressed air is used during drilling of blast holes
and the like for removing the pulverized formation and
cooling the cutters. It is therefore desirable that the
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cooling air be delivered as near as possible to the cut-
ters. As seen in FIG. 4 the pivot pin 21 is provided with
an axially extending bore 51 which is in fluid communi-
cation with the longitudinally extending passage 47
through the lower body by way of a transverse hole 52,
Each of the cutter arms 19 is provided with an internal
air passage 53 which leads from the pivot pin through
the arm to the cutter and discharges adjacent the cutter
in a conventional manner. A recessed portion 54 is pro-
vided around the pivot pin to provide fluid communica-
tion between a pair of transverse orifices 56 from the
bore 51 in the pivot pin to the passage 53 in the respec-
tive cutter arm. In this manner a portion of the air pass-
ing through the passage 47 is diverted through the pivot
pin to discharge adjacent the two cutters of the under-
reamer. This provides parallel air flow to the cutters of
the underreamer and to a pilot drill (not shown) lower
down on the drill string, thereby assuring that all cut-
ting bearings are adequately cooled and kept clear of
chips.

It will also be noted in FIGS. 4 and § that the pivot
pin 21 is held in place by a snap ring 57 and a tapped
hole 58 is provided in the end of the pin as an aid in as-
sembling and disassembling the underreamer.

As described to this point, application of the weight
of the drill string to the lower end when it bottoms in
the hole invariably causes the cutter arms to be ex-
tended to their underreaming position. With such an
arrangement it would be necessary to drill a pilot hole
approximately to the depth where underreaming was
desired and withdraw the drill string from the hole and
install the underreamer. When this was again lowered
into the hole and bottomed, the underreamer arms
would be cammed outwardly and underreaming could
commence. It is, however, desirable to perform such
underreaming without round tripping the drill out of
the hole and installing additional tools. A latching se-
lector sub 16 is therefore used in combination with the
underreamer in many situations.
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The sleeve 14 is connected to the lower body 11 by .

a threaded joint 61 (FIGS. 2 and 3). The sleeve also ex-
tends up past the threaded joint 33, 34, between the
upper body 32 and latching selector sub 16 as seen in
FIGS. 7 to 9. FIG. 7 is a longitudinal cross-section
through the selector sub with the sleeve in a position
corresponding to FIG. 2, that is, with the underreamer
in its relatively longer position and the cutters re-
tracted. FIG. 8 corresponds to FIG. 3 and the sleeve is
in a position corresponding to the relatively shorter
length of the underreamer with the cutters extended.
FIG. 9 is a composite longitudinal cross-section trans-
verse to the cross-sections of FIGS. 7 and 8 and illus-
trates the selector sub in both position, the right hand
side corresponding to FIG. 7 and the left side corre-
sponding to FIG. 8.

A lightweight aluminum. piston 62 is axially movable
within the latching selector sub 16. A spring 63 biases
the piston towards an upper position and the upward
stroke is limited by engagement with a ring 64 held:in
place by a snap ring 66. Seals 67 at the upper-and lower
ends of the piston assure that air passing down through
the drill string passes through an axial passage 68
through the piston. The diameters of the piston and
passage are selected so that the force of compressed air
is sufficient for overcoming the bias of the spring 53

and forcing the piston downwardly. The piston 62 is’

seen in its upper position without applied air in FIG. 8
and is seen after air pressure has beén applied in FIG.
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7. The downward travel of the piston in response to air
pressure is limited by a shoulder 69 (FIG. 9) which en-
gages a corresponding shoulder 71 in the surrounding
body of the latching selector sub.

As seen in FIGS. 7, 8 and 10, four camming shoes 72
are mounted in the body of the latching selector sub.
A 90° segment 73 of a split ring is bolted to the outer
end of each of the shoes 72. The shoes and hence the
segments 73 are biased relatively inwardly by springs
74.

When the piston is in its upper position the four shoes
72 move inwardly into a respective one of four pockets
76 cut into the side of the piston. When the shoes are
in this retracted position the segments 73 of the split
ring are also retracted.

When air pressure is applied to the drill string the pis-
ton is urged downwardly and camming faces or ramps
77 adjacent each pocket 76 engage the respective
shoes and urge them relatively outwardly. The shoes
and associated segments 73 move outwardly and are
effectively locked in this extended position by the en-
larged portion of the piston as illustrated in FIG. 7. It
will be noted that the shoes and segments are in their
outwardly cammed position in FIG. 10, and in the right
side of FIG. 9.

When the segments 73 are retracted the sleeve 14 is
free to slide relatively upwardly until a shoulder 78
thereon engages an opposing shoulder 79 on the body
of the latching selector sub. Such upper position of the
sleeve is seen in FIG. 8 and the left side of FIG. 9. It will
be recalled that this upper position of the sleeve 14 cor-
responds to the relatively shorter position of the under-
reamer (FIG. 3) as the upper and lower bodies tele-
scope towards each other. When the sleeve is in this
upper position the cutter arms are extended into their
underreaming position.

When as illustrated in FIG. 7 the piston is in its lower
position and the shoes are cammed relatively outwardly
the segments 73 are interposed between the shoulder
78 on the sleeve and shoulder 79 on the latching selec-
tor sub. This prevents the sleeve from sliding upwardly
relative to the selector sub and thereby prevents tele-
scoping of the upper and lower bodies so that the un-
derreamer remains in its relatively longer position with
the cutter arms retracted.

If it is desired to drill a pilot hole with the under-
reamer and selector sub in position, the drill string is
lowered into a hole and the air pressure applied before
the drill string reaches the bottom of the hole and
causes telescoping of the underreamer. The air pres-
sure cases the piston 62 to move downwardly and cam
the segments 73 outwardly to latch the sleeve in its
lower position and prevent telescoping of the upper
and lower bodies. This retains the cutter arms in their
retracted position and permits drilling with the pilot
drill.

At such time as a depth is reached where it is desired
to underream the hole, the drill string is raised a suffi-
cient amount to remove the weight from the bottom of
the hole. A few inches is enough. When the air pressure
in the drill string is relieved the piston moves upwardly
as biased by the spring 63 and the shoes 72 and seg-
ments 73 retract. Thereafter when the drill string is
lowered so that the weight thereof is on the bottom and
hence applied to the lower body, the underreamer tele-
scopes and the cutter arms are urged outwardly. Typi-
cally only a few rotations of the drill string are required
to assure that the cutter arms have substantially com-
pletely extended. Thereafter air pressure can be ap-
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plied for cooling the cutters and removing chips from
the hole. The piston 62 is inhibited from moving down-
wardly since the sleeve now obstructs the outward
travel of the segments 73 and underreaming may con-
tinue for any desired depth.

In summary, if one wishes to simply drill, air pressure
is applied to the combined latching selector sub and un-
derreamer prior to reaching the bottom of the hole and
then drilling can proceed in the customary manner. If
it is desired to underream a portion of the hole air pres-
sure can be turned off and the consequent upward mo-
tion of the piston permits telescoping of the upper and
lower bodies and extension of the cutter arms. It is pref-
erable to lift the drill string slightly from the bottom of
the hole before applying or relieving air pressure. After
underreaming for some desired distance the drill string
can be lifted a few inches for extending the under-
reamer to its relatively longer position. Application of
air pressure moves the piston down and latches the
sleeve in its lower position as illustrated in FIG. 7. Con-
tinued drilling can then be conducted without remov-
ing the drill string from the hole. Thus, if desired, one
can produce a hole having a number of alternating rela-
tively larger and relatively smaller diameters. These en-
larged portions of the hole can then be filled with ex-
plosives for mining operations.

When the underreamer is latched in its relatively
longer position with the cutters retracted the thrust ap-
plied by the upper drill string to a drill (not shown)
below the underreamer is transmitted to the latching
sclector sub and thence to the segments 73 of the split
ring by way of the shoulder 79. The thrust is then car-
ried into the sleeve at the shoulder 78 and is transmit-
ted to the lower body 11 at the threaded joint 61. The
lower body is connected to the pilot drill at the joint 13.

When the underreamer is in its relatively shorter po-
sition with the cutter arms extended for underreaming
the thrust is transferred from the latching selector sub
to the upper body 32 and thence to the lower body be-
tween the ends and roots of the splines 29 and 31 there-
between. Thrust is transferred to the cutter arms
through the stop lugs 27 engaging the shoulders 28 and
also through the pivot pin 21.

Torque is transmitted to the lower body in both in-
stances through the interengaging splines.

Although limited embodiments of weight actuated
underreamer and means for preventing actuation in re-
sponse to fluid pressure have been described and illus-
trated herein, many modifications and variations will
be apparent to one skilled in the art. It is therefore to
be understood that within the scope of the appended
claims the invention may be practiced otherwise than
as specifically described.

What is claimed is:

1. A weight actuated underreamer comprising:

a lower body portion connectable to a lower portion

of a drill string;

an upper body portion connectable to an upper drill

string;

means interconnecting the upper and lower bodies

for transmitting torque therebetween and permit-
ting telescoping of the lower and upper bodies be-
tween a relatively longer position and a relatively
shorter position;

a plurality of cutter arms;
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means for pivotally mounting the cutter arms on the

lower body portion;

means on the upper body portion for urging the cut-

ter arms relatively outwardly towards an extended
underreaming position when the upper and lower
bodies are telescoped towards the relatively shorter
position and for permitting the cutter arms to re-
tract relatively inwardly to a clearance position
when the upper and lower bodies are telescoped
towards the relatively longer position;

latch means movable between a latching position and

a release position, said latching position for latch-
ing the upper and lower bodies in the relatively
longer position with the cutter arms in their re-
tracted clearance position and the release position
for permitting relative telescoping of the upper and
lower bodies;

means for urging the latch means towards the latch-

ing position in response to application of increased
fluid pressure; and

means for urging the latch means towards the release

position in response to release of fluid pressure.

2. A weight actuated underreamer comprising:

a lower body portion connectable to a lower portion

of a drill string;

an upper body portion connectable to an upper drill

string;

means interconnecting the upper and lower bodies

for transmitting torque therebetween and permit-
ting telescoping of the lower and upper bodies be-
tween a relatively longer position and a relatively
shorter position;

a plurality of cutter arms;

means for pivotally mounting the cutter arms on the

lower body portion;

means on the upper body portion for urging the cut-

ter arms relatively outwardly towards an extended
underreaming position when the upper and lower
bodies are telescoped towards the relatively shorter
position and for permitting the cutter arms to re-
tract relatively inwardly to a clearance position
when the upper and lower bodies are telescoped
towards the relatively longer position; and

means for selectively latching the cutter arms in their

retracted clearance position in response to in-
creased pressure of drilling fluid and selectively re-
leasing the cutter amrs for extension in response to
decreased pressure of drilling fluid.

3. An underreamer as defined in claim 2 wherein the
means for latching comprises means for preventing
telescoping of the upper and lower body portions
towards their relatively shorter position in response to
drilling fluid pressure.

4. An underreamer as defined in claim 3 wherein the
means for preventing telescoping comprises:

a sleeve on the lower body portion extending up-

wardly around the upper body portion; and
means for preventing translation of the sleeve rela-
tive to the upper body portion. '

5. A weight actuated underreamer comprising:

a lower body portion connectable to a lower portion

of a drill string;

an upper body portion connectable to an upper drill

string;

means interconnecting the upper and lower bodies

for transmitting torque therebetween and permit-
ting telescoping of the lower and upper bodies be-
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tween a relatively longer position and a relatively
shorter position;

a plurality of cutter arms;

means for pivotally mounting the cutter arms on the
lower body portion; and

means on the upper body portion for urging the cut-
ter arms relatively outwardly towards an extended

10

upper and lower bodies are telescoped towards the
relatively longer position comprising a pair of cam-
ming surfaces on the upper body portion for cam-
ming the cam followers on the cutter arms rela-
tively outwardly whereby the cutter assemblies are
urged outwardly.

8. An underreamer as defined in claim 7 wherein the

underreaming position when the upper and lower
bodies are telescoped towards the relatively shorter
position and for permitting the cutter arms to re-
tract relatively inwardly to a clearance position
when the upper and lower bodies are telescoped
towards the relatively longer position; and

means for preventing telescoping of the upper and

upper body portion comprises a plunger co-axial with
the lower body portion and at least partly within the

10 lower body portion and wherein the camming surfaces
each comprise an angulated surface at the lower end of
the plunger, each of said surfaces facing in the opposite
direction from the other and being on opposite sides of
the center line of the underreamer.

telescoped towards the relatively shorter position
and for permitting the cutter arms to retract rela-
tively inwardly to a clearance position when the

lower body portions towards their relatively shorter 15 9. A weight actuated underreamer comprising:
position in response to drilling fluid pressure for a lower body portion connectable to a lower portion
latching the cutter arms in their retracted clear- of a drill string;
ance position, said means for preventing telescop- an upper body portion connectable to an upper drill
ing comprising: string;
a sleeve on the lower body portion extending up- 20  means interconnecting the upper and lower bodies
wardly around the upper body portion; and for transmitting torque therebetween and permit-
means for preventing translation of the sleeve rela- ting telescoping of the lower and upper bodies be-
tive to the upper body portion, said means for pre- tween a relatively longer position and a relatively
venting translation comprising: shorter position comprising a plurality of upwardly
a shoulder inside the sleeve; 25 extending fingers at the upper end of the lower
a plurality of segments of a split ring engageable body portion and a plurality of downardly extend-
with the shoulder when the segments are in a ra- ing fingers on the upper body portion interlaced
dially extended position; with the fingers on the lower body portlon
means for biasing the segments relatively mwardly, a pair of opposed cutter arms;
and 30 means for pivotally mounting the two cutter arms on
means for urging the segments radlally outwardly the lower body portion in scissors fashion with cut-
in response to drilling fluid pressure. ter assemblies at a lower end thereof and cam fol-
6. An underreamer as defined in claim § wherein the lowers at the upper end thereof;,
means for urging the segments radially outwardly com- - means for urging the cutter arms relatively outwardly
prises: 35 towards an extended underreaming position when
an axially slidable piston co-axial with the under- the upper and lower bodies are telescoped towards
reamer, the relatively shorter position and for permitting
a plurality of downwardly facmg ramps on the piston; the cutter arms to retract relatively inwardly to a
clearance position when the upper and lower bo-
a plurality of shoes, each of the shoes being con- 40 dies are telescoped towards the relatively longer
nected to a respective segment and -engageable position comprising a pair of camming surfaces on
with a respective ramp on the piston; the upper body portion for camming the cam fol-
means for biasing the piston upwardly relative to the lowers on the cutter arms relatively outwardly; and
underreamer; and . wherein
means for applying drilling fluid pressure to the 45 the upper body portion comprises a plunger coaxial
upper end of the piston. with the lower body portion and at least partly
7. A weight actuated underreamer comprising: within the lower body portion and wherein the
a lower body portion connectable to a lower portion camming surfaces each comprise an angulated sur-
of a drill string; face at the lower end of the plunger, each of said
an upper body portion connectable to an upper dnll 30 surfaces facing in the opposite direction from the
string; other and being on opposite sides of the center line
means interconnecting the upper and lower bodies of the underreamer.
for transmitting torque therebetween and permit- 10. A weight actuated underreamer comprising:
ting telescoping of the lower and upper bodies be- 55 @ lower body portion connectable to a lower portion
tween a relatively longer position and a relatively of a drill string;
shorter position; an upper body portion connectable to an upper drill
a pair of opposed cutter arms; string;
means for pivotally mounting the two cutter arms in means interconnecting the upper and lower bodies
scissors fashion on the lower body portion with cut- 60 for transmitting torque therebetween and permit-
ter assemblies at a lower end thereof and cam fol- ting telescoping of the lower and upper bodies be-
lowers at the upper end thereof; and means on the tween a relatively longer position and a relatively
upper body portion for urging the cutter arms rela- shorter position;
tively outwardly towards an extended underream- a pair of opposed cutter arms;
ing position when the upper and lower bodies are 65 apivot pin for pivotally mounting the two cutter arms

in scissors fashion on the lower body portion with
cutter assemblies at a lower end thereof and cam
followers at the upper end thereof;



3,817,339

11

means on the upper body portion for urging the cut-
ter arms relatively outwardly towards an extended
underreaming position when the upper and lower
bodics are telescoped towards the relatively shorter
position and for permitting the cutter arms to re-
tract relatively inwardly to a clearance position
when the upper and lower bodies are telescoped
towards the relatively longer position including a
pair of camming surfaces on the upper body por-
tion for camming the cam followers on the cutter
arms relatively outwardly;

means for conveying compressed air from the upper
portion of a drill string to the lower portion of a
drill string; and

means for bypassing a portion of the air through the
pivot pin to the cutter arms for cooling the cutter
assemblies.

11. An earth boring underreamer comprising:

an underreamer body;

a plurality of cutter arms each having a cutter assem-
bly mounted on the underreamer body for motion
between a relatively retracted clearance position
within the profile of the underreamer body and an
extended underreaming position radially outwardly
from the underreamer body;

means for extending the cutter arms radially out-
wardly in response to compression force applied to
both ends of the underreamer body; and

means for selectively latching the cutter arms in the

5

10

15

20

25

retracted position in responsc to application of 30

fluid pressure irrespective of subsequent applica-
tion of compression force to the ends of the under-
reamer body and for selectively releasing the latch-
ing in response to relief of drilling fluid pressure.

12. An earth boring underreamer as defined in claim

11 wherein the underreamer body comprises:

an upper body portion and a lower body portion ca-
pable of axially telescoping relative to each other
in response to compression force; and wherein

the means for extending the cutter arms comprises
means for urging the cutter arms radially outwardly
in response to telescoping of the upper and lower
body portions.

13. An earth boring underreamer as defined in claim

12 wherein the means for latching the cutter arms com-

prises means for preventing telescoping of the upper

and lower body portions.

14. An underreamer for use in combination with a

pilot drill comprising:

an upper body portion;

means for connecting the upper body portion to a
drill string;

a lower body portion;

means for connecting the lower body portion to a
pilot drill;

means for connecting the upper and lower body por-
tions together for transmitting torque therebe-
tween and permitting limited relative axial move-
ment between the upper and lower body portions;

a plurality of cutter assemblies mounted on the un-
derreamer for movement between a retracted posi-
tion within the profile of the upper and lower body
portions and an extended position outside the pro-
file of the upper and lower body portions; and

means for urging the cutter assemblies towards their
extended position in response to relative shorten-
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ing of the axial length of the underreamer in re-
sponse to axial compression externally applied to
the underrcamer.

15. An underrcamer as defined in claim 14 further
comprising means for inhibiting relative axial shorten-
ing of the underrcamer in response to increased drilling
fluid pressure.

16. An underreamer as defined in claim 14 wherein
the cutter assemblies mounted on the underreamer
comprise:

a pair of cutter arms;

a cutter mounted on the lower end of each of the

arms; and

a pivot pin extending transverse to the axis of the un-
derreamer, said cutter arms both being mounted on
said pivot pin in scissors fashion; and wherein

the means for urging comprises means for camming
the upper portions of the respective cutter arms
away from each other.

17. An underreamer comprising:

an elongated hollow lower body having a spline at its
upper end;

a pivot pin extending transverse to the tool body;

a pair of cutter arms mounted on the pivot pin for
pivoting in scissors fashion between a retracted po-
sition with an outer profile within the profile of the
lower body and an extended position beyond the
profile of the body, each of said cutter arms includ-
ing a cutter assembly at its lower end below the
pivot pin and a cam follower portion at its upper
end above the pivot pin;

an clongated upper body co-axial with the lower
body and having a spline at its lower end mated
with the spline on the upper end of the lower body
for transmitting torque therebetween, and means at
its upper end for connecting the upper body to a
drill string, said lower body being axially translat-
able relative to the upper body between a lower
*“closed™ position and an upper “‘open” position;

cam means connected to the upper body and extend-
ing into the hollow lower body, said cam means
having a pair of oppositely facing cam surfaces for
engaging the cam follower portions of the respec-
tive cutter arms and camming them relatively out-
wardly upon upward translation of the lower body
relative to the upper body; and

means for limiting downward translation of the lower
body relative to the upper body.

18. An underreamer as defined in claim 17 further
comprising means for latching the lower body in its
lower “closed’” position in response to fluid pressure in
the drill string.

19. An underreamer as defined in claim 18 wherein
the means for latching comprises:

a sleeve on the lower body extending upwardly

around the lower body; and

means for preventing translation of the sleeve rela-
tive to the upper body.

20. An underreamer as defined in claim 19 wherein

the means for preventing translation comprises:

a shoulder inside the sleeve;

a plurality of segments of a split ring engageable with
the shoulder when the segments are in a radially ex-
tended position;

means for biasing the segments radially inwardly;

a plurality of shoes, each of the shoes being con-
nected to a respective segment;



3,817,339

13

an axially slidable piston co-axial with the under-
reamer,

_a plurality of downwardly facing ramps on the piston,
each of said ramps being engageable with a respec-
tive one of the shoes;

means for biasing the piston relatively upwardly; and

means for applying drilling fluid pressure to the
upper end of the piston for urging it downwardly.

21. An underreamer as defined in claim 17 further

comprising:

means for conveying compressed air from the upper
body through the lower body; and

means for bypassing a portion of the air through the
pivot pin to the cutter arms for cooling the cutter
assemblies.

22. A latching selector sub comprising:

an elongated housing;

a piston axially slidable in the housing from an upper
position ‘towards a lower position in response to
fluid pressure;

means for biasing the piston towards its upper posi-
tion;

a sleeve around at least a portion of the housing and
axially slidable relative thereto between a lower po-
sition and an upper position,;

stop means mounted in the housing for preventing
sliding of the sleeve towards its upper position; and

means for moving the stop means radially relative to
the housing in response to moving of the piston.

23. A latching selector sub as defined in claim 22

wherein downward movement of the piston in response
to fluid pressure cams the stop means radially out-
wardly for preventing sliding of the sleeve.

24. An underreamer as defined in claim 23 wherein

the stop means comprises:

a plurality of segments of a split ring engageable with
the sleeve when the segments are in a radially ex-
tended position; and

means for biasing the segments relatively inwardly.

25. A weight actuated underreamer comprising:

a lower body portion connectable to a lower portion
of a drill string;

an upper body portion connectable to an upper drill
string;

means interconnecting the upper and lower bodies
for transmitting torque therebetween and permit-
ting telescoping of the lower and upper bodies be-
tween a relatively longer position and a relatively
shorter position;

a plurality of cutter arms;

means for pivotally mounting the cutter arms on the
lower body portion;

means on the upper body portion for urging the cut-
ter arms relatively outwardly towards an extended
underreaming position when the upper and lower
bodies are telescoped towards the relatively shorter
position and for permitting the cutter arms to re-
tract relatively inwardly to a clearance position
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when the upper and lower bodies are telescoped
towards the relatively longer position;

sleeve means on the lower body portion extending

- upwardly around the upper body portion;

an upwardly facing shoulder on the sleeve means;

a downwardly facing shoulder on the upper body por-
tion opposed to the upwardly facing shoulder;

a plurality of members movable between an extended
position in between the shoulders and a retracted
position removed from between the shoulders;

means for resiliently biasing the members towards
the retracted position; and

means for urging the members towards the extended
position in response to drilling fluid pressure.

26. An underreamer comprising:

a tool body including means at its lower end for con-
nection to a lower portion of a drill string and
means at its upper end for connection to an upper
drill string;

a pivot pin in the tool body transverse to the length
thereof;

an axial bore in the pivot pin;

a cutter arm mounted on the pin for pivoting between
an extended underreaming position and a retracted
clearance position;

a cutter assembly on the cutter arm;

a passage through the cutter arm to the vicinity of the
cutter assembly and in fluid communication with
the axial bore in the pin; and

means for delivering drilling fluid to the axial bore.

27. An underreamer as defined in claim 26 further
comprising a bypass fluid passage between the upper
and lower connection means past the axial bore so that
a portion of drilling fluid can flow through the bypass
passage and a portion can flow through the axial bore.

28. An underreamer as defined in claim 26 further
comprising;

asecond cutter arm mounted on the pivot pin for piv-
oting between an extended underreaming position
and a retracted clearance position;

a cutter assembly on the cutter arm; and

a fluid passage through the second cutter arm to the
vicinity of the cutter assembly and in fluid commu-
nication with the axial bore in the pin;

each of said cutter arms including a camming portion
on the opposite side of the pivot pin from the re-
spective cutter assembly; said underreamer further
comprising:

cam means in the tool body for camming the cutter
arms towards the extended underreaming position.

29. An underreamer as defined in claim 10 wherein
the means for bypassing comprises an axial bore in the
pivot pin and a fluid passage through each of the cutter
arms to the vicinity of the respective cutter assembly
and in fluid communication with the axial bore in the

pivot pin.
* * * * *



