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COMBINED MULTI-COUPLER WITH ROTATING LOCKING METHOD FOR

TOP DRIVE

BACKGROUND

[0001] Embodiments of the present disclosure generally relate to equipment and
methods for coupling one or more tools to a top drive. The coupling may transfer

both axial load and torque bi-directionally from the top drive to the one or more tools.

[0002] A wellbore is formed to access hydrocarbon-bearing formations (e.g.,
crude oil and/or natural gas) or for geothermal power generation by the use of
drilling. Drilling is accomplished by utilizing a drill bit that is mounted on the end of a
tool string. To drill within the wellbore to a predetermined depth, the tool string is
often rotated by a top drive on a drilling rig. After drilling to a predetermined depth,
the tool string and drill bit are removed, and a string of casing is lowered into the

wellbore. Well construction and completion operations may then be conducted.

[0003] During drilling and well construction/completion, various tools are used
which have to be attached to the top drive. The process of changing tools is very
time consuming and dangerous, requiring personnel to work at heights. The
attachments between the tools and the top drive typically include mechanical,
electrical, optical, hydraulic, and/or pneumatic connections, conveying torque, load,

data, signals, and/or power.

[0004] Typically, sections of a tool string are connected together with threaded
connections. Such threaded connections are capable of transferring load. Right-hand
(RH) threaded connections are also capable of transferring RH torque. However,
application of left-hand (LH) torque to a tool string with RH threaded connections
(and vice versa) risks breaking the string. Methods have been employed to obtain bi-
directional torque holding capabilities for connections. Some examples of these bi-
directional setting devices include thread locking mechanisms for saver subs,
hydraulic locking rings, set screws, jam nuts, lock washers, keys, cross/thru-bolting,
lock wires, clutches and thread locking compounds. However, these solutions have
shortcomings. For example, many of the methods used to obtain bi-directional torque

capabilities are limited by friction between component surfaces or compounds that
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typically result in a relative low torque resistant connection. Locking rings may
provide only limited torque resistance, and it may be difficult to fully monitor any
problem due to limited accessibility and location. For applications that require high
bi-directional torque capabilities, only positive locking methods such as keys,
clutches or cross/through-bolting are typically effective. Further, some high bi-
directional torque connections require both turning and milling operations to
manufacture, which increase the cost of the connection over just a turning operation
required to manufacture a simple male-to-female threaded connection. Some high
bi-directional torque connections also require significant additional components as

compared to a simple male-to-female threaded connection, which adds to the cost.

[0005] There is, therefore, a need for a coupler to capable of addressing at least

one of the problems described above.

SUMMARY OF THE DISCLOSURE

[0006] The present disclosure generally relates to equipment and methods for
coupling a top drive to one or more tools. The coupling may transfer both axial load

and torque bi-directionally from the top drive to the one or more tools.

[0007] In one embodiment, a tool coupler includes a first component having a
tubular body and a locking member and a second component. The second
component includes a housing having an opening for receiving the tubular body; a
locking ring having a latch; an axial channel; and a recess for receiving the locking
member, wherein the latch is positioned in the channel to retain the locking member

in the recess.

[0008] In one embodiment, a tool coupler includes a first component having a
tubular body and a plurality of circumferentially spaced locking receivers; and a
second component having a housing having a tubular body and a plurality of locking
members, wherein the plurality of locking receivers is rotatable into engagement with
the plurality of locking members to axially lock the first component to the second
component; and a locking housing disposed around and axially movable relative to
the tubular body. The locking housing includes an opening for receiving the plurality

of locking receivers; and a plurality of latches disposed in the opening, wherein the
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plurality of latches is disposable between the plurality of locking receivers to

rotationally lock the first component to the second component.

[0009] In one embodiment, a tool coupler includes a first component having a
tubular body and a plurality of circumferentially spaced locking receivers disposed in
a bore of the tubular body; and a second component. The second component
having an outer housing having a tubular body, the outer housing having an
alignment member for engaging the first component; a coupling body disposed in the
outer housing, the coupling body having a plurality of locking members, wherein the
plurality of locking members is rotatable into engagement with the plurality of locking
receivers of the first component to axially lock the first component to the second
component; and an actuator for moving the coupling body relative to the outer

housing.

[0010] In one embodiment, a tool coupler includes a first component having a
tubular body; a locking receiver formed on an outer surface of the tubular body; and
an alignment feature. The tool coupler also includes a second component having a
coupling body having a bore for receiving the tubular body of the first component; a
locking member disposed in the coupling body for engaging the locking receiver; and
a complementary alignment feature for engaging the alignment feature of the first

component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical embodiments of this disclosure and
are therefore not to be considered limiting of its scope, for the disclosure may admit

to other equally effective embodiments.

[0012] Figure 1 illustrates an exemplary drilling system, according to

embodiments of the present disclosure.
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[0013] Figure 2 illustrates an exemplary tool coupler for use with a top drive

system according to embodiments of the present disclosure.

[0014] Figure 3 illustrates an exemplary tool adapter of the tool coupler of Figure
2.

[0015] Figure 4 illustrates an exemplary tubular body of the tool receiver of the

tool coupler of Figure 2.

[0016] Figure 5 illustrates an exemplary locking ring of the tool receiver of the tool

coupler of Figure 2.

[0017] Figures 6A and 6B illustrate an exemplary process for coupling the

receiver assembly to the tool adapter of the tool coupler of Figure 2.

[0018] Figure 7A illustrates an exemplary tool coupler for use with a top drive

system according to embodiments of the present disclosure.

[0019] Figures 7A-7C illustrate steps in an exemplary process for coupling the

receiver assembly to the tool adapter of the tool coupler of Figure 7A.

[0020] Figure 8A illustrates a cross-sectional view of the tool coupler of Figure
7A.

[0021] Figures 8A-8C illustrate cross-sectional views of steps in an exemplary
process for coupling the receiver assembly to the tool adapter of the tool coupler of
Figure 7A.

[0022] Figure 9 illustrates an exemplary locking mechanism of the tool coupler of
Figure 7A.

[0023] Figures 10A and 10B illustrate cross-sectional views of steps in an
exemplary process for coupling the receiver assembly to the tool adapter of the tool

coupler of Figure 7A.

[0024] Figure 10C is a perspective view of the tool adapter engaged to the

receiver assembly of the tool coupler of Figure 7A.
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[0025] Figures 11A-11C are different cross-sectional views of the tool coupler of

Figure 7A after lowering the outer housing.

[0026] Figure 12 illustrates another arrangement of the actuator of the tool

coupler of Figure 7A.

[0027] Figure 13 illustrates an exemplary tool coupler for use with a top drive

system according to embodiments of the present disclosure.

[0028] Figure 14 is a perspective view of the actuator body of the tool coupler of

Figure 13. Figure 14A is a cross-sectional view of the actuator body of Figure 14.

[0029] Figure 15 is a perspective view of the coupling body of the tool coupler of

Figure 13.

[0030] Figure 16 is a perspective view of the outer body of the tool coupler of

Figure 13. Figure 16A is a cross-sectional view of the outer body of Figure 16

[0031] Figure 17 is a perspective view of the cover of the tool coupler of Figure
13.

[0032] Figure 18 is a perspective view of the tool adapter of the tool coupler of

Figure 13.

[0033] Figure 19 is a cross-sectional view of the tool adapter partially connected
with the receiver assembly of the tool coupler of Figure 13. Figure 19A is a

perspective view of Figure 19.

[0034] Figure 20 is a cross-sectional view of the tool adapter fully connected with
the receiver assembly of the tool coupler of Figure 13. Figure 20A is a perspective

view of Figure 20.

[0035] Figure 21 illustrates an exemplary tool coupler for use with a top drive

system according to embodiments of the present disclosure.

[0036] Figure 22 is a cross-sectional view of the coupling body of the tool coupler

of Figure 21.
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[0037] Figure 22A shows the locking member of the tool coupler of Figure 21 in a

locked position.

[0038] Figure 22B shows the locking member of the tool coupler of Figure 21 in

an unlocked position.

[0039] Figure 23 is a perspective view of the tool adapter of the tool coupler of

Figure 21.

[0040] Figure 24 is a perspective view of an embodiment of an alignment feature

of the tool coupler of Figure 21.

[0041] Figure 25 is a cross-sectional view of another embodiment of an alignment

feature of the tool coupler of Figure 21.

[0042] Figure 26 is a cross-sectional view of the tool adapter partially connected

with the receiver assembly of the tool coupler of Figure 21.

[0043] Figure 27 is a cross-sectional view of the tool adapter fully connected with

the receiver assembly of the tool coupler of Figure 21.

DETAILED DESCRIPTION

[0044] The present disclosure provides equipment and methods for coupling a
top drive to one or more tools. In one embodiment, a tool coupler is used to couple a
tool to the top drive. The tool coupler may transfer torque bi-directionally from the
top drive to the one or more tools. The tool coupler may provide mechanical,
electrical, optical, hydraulic, and/or pneumatic connections. The tool coupler may

convey torque, load, data, signals, and/or power. tool coupler

[0045] Some of the many benefits provided by embodiments of this disclosure
include a tool coupler having a simple mechanism that is low maintenance. Benefits
also include a reliable method to transfer full bi-directional torque, thereby reducing
the risk of accidental breakout of threaded connections along the tool string.
Embodiments may also provide automatic connection for power and data

communications.
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[0046] Figure 1 illustrates a drilling system 1, according to embodiments of the
present disclosure. The drilling system 1 may include a drilling rig derrick 3d and a
drilling rig floor 3f. As illustrated, the drilling rig floor 3f is at the surface of a
subsurface formation 7, but the drilling system 1 may also be an offshore drilling unit,
having a platform or subsea wellhead in place of or in addition to rig floor 3f. The
derrick may support a hoist 5, thereby supporting a top drive 4. In some
embodiments, the hoist 5 may be connected to the top drive 4 by a threaded
connection. The top drive 4 may be used to handle a tubular 13 or a tool string 2. At
various times, the top drive 4 may support the axial load of the tool string 2. The rig
floor 3f may have an opening through which the tool string 2 extends downwardly
into a wellbore 9. The rig floor 3f may include slips 19 to support the axial load of tool
string 2 at various times. The top drive 4 may include a drive unit to provide torque to
the tool string 2, for example to operate a drill bit 22 near the bottom of the wellbore
9. A tool 11 may be attached to the top drive 4 to facilitate performance of a wellbore
operation, such a tubular makeup operation or cementing operation. Exemplary
tools 11 include tubular gripping tools configured to grip an inner surface or an outer
surface of the tubular, fill up tool, compensation tool, cementing tool, and elevators.
In one example, the tubular 13 may be a drill pipe, and the tool string 2 may include

joints of drill pipe connected together, such as by a threaded connection.

[0047] At various times, the top drive 4 may provide right hand (RH) or left hand
(LH) torque to tool string 2, for example to make up or break out joints of drill pipe.
Power and/or signals may be communicated between the top drive 4 and the tool
string 2. For example, pneumatic, hydraulic, electrical, optical, or other power and/or

signals may be communicated between top drive 4 and tool string 2.

[0048] Figure 2 illustrates a tool coupler 100 for use with a top drive system (e.g.,
top drive 4 in Figure 1) according to one embodiment. The tool coupler 100 is used
to facilitate the connection of a tool 11 to the top drive 4. In some embodiments, the
tool coupler is a multi-coupler for supporting load, transferring torque, and having
couplings to transfer power, including hydraulic, electric, data, and/or pneumatic. In
one embodiment, the tool coupler 100 includes a receiver assembly 110 and a tool

adapter 150. The receiver assembly 110 is coupled to the top drive 4, and the tool
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adapter 150 is coupled to the tool. The tool adapter 150 is engageable with the

receiver assembly 110 to connect the tool to the top drive 4.

[0049] Figure 3 illustrates an exemplary embodiment of a tool adapter 150. The
tool adapter 150 includes a tubular body 155 having a bore 157 therethrough and a
plurality of locking members 165 disposed on the tubular body 155. The bottom of
the tubular body 155 may be connected to the tool via a threaded connection or may

be integrated with the tool.

[0050] In one embodiment, the plurality of locking members 165 is disposed
circumferentially around the tubular body 155, as shown in Figure 3. The locking
members 165 are disposed on the outer surface and protrude outwardly in a radial
direction. In this example, four locking members 165 disposed around the tubular
body 155. The locking members 165 have are square shaped keys, but can have
any suitable shape for mating with the receiver assembly 110, such as rectangular
shape or other suitable polygonal shape. While four locking members 165 are
shown, it is contemplated that two, three, five, six, seven, eight, or more locking
members 165 may be used. In another embodiment, the tool adapter 150 may have

two rows of locking members 165 that are axially spaced from each other.

[0051] Referring back to Figure 2, the receiver assembly 110 generally includes a
tubular body 120, a locking mechanism 130, and an actuator 112 for moving the
locking mechanism 130 axially relative to the tubular body 120. An optional swivel
connector is provided to transfer hydraulics, pneumatics, and/or electronics from the

top drive 4 to the tool and from the tool to the top drive 4.

[0052] Figure 4 illustrates a cross-sectional view of the tubular body 120. The
tubular body 120 is integrated with or attached to a shaft 20 extending from the top
drive 4. The tubular body 120 has a lower opening 122 for receiving the tool adapter
150. The lower opening 122 has an inner diameter that is sufficiently sized to
receive the tool adapter 150. In this example, the inner diameter of the lower
opening 122 is larger than the bore 126 of the tubular body 120. A plurality of
channels 127 are circumferentially spaced around the lower opening 122 for

accommodating the locking members 165 of the tool adapter 150. The channels 127
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have a sufficiently width to permit axial movement of the locking members 165 in the
channels 127. In this example, the lower opening 122 has four channels 127 for
receiving the four locking members 165 of the tool adapter 155. A recess 125 is
formed in the lower opening 122 in communication with the channels 127 for
receiving the locking members 165. In one embodiment, the recess 125 has a
shape that is complementary to the shape of the locking members 165. For
example, the key recess 125 is shown with a square shape to complement the

shape of the locking members 165.

[0053] The tubular body 120 has a recessed groove 123 formed on its outer
surface. In this example, the recessed groove 123 has a diameter that is the same
as the outer diameter of the tubular body 155 of the tool adapter 150. In this

example, the upper ends of the channels 127 are open to the recessed groove 123.

[0054] The locking mechanism 130 is disposed around the recessed groove 123.
In this example, the locking mechanism is a locking ring 130. The locking ring 130 is
axially movable in the recesses groove 123. The locking ring 130 may have an inner
diameter that is about the same size as the diameter of the recessed groove 123.
The locking ring 130 includes one or more of locking devices such as latches 137
circumferentially spaced around the locking ring 130. See also Figure 5. The
latches 137 extend below the locking ring 130 and at least partially into the channels
127. In one example, the latches 137 have a width that is about the same as the
width of the channels 127. The length of the latches 137 is sized such that when the
locking ring 130 is in an upper position in the groove 123, the lower end of the
latches 137 is above the recess 123. In this respect, the latches 137 do not block
access to the recess 123. Also, the length of the latches 137 is sized such that when
the locking ring 130 is in a lower position, the latches 137 at least partially block the
recess 125. In this example, the latches 137 are long enough to extend across the
recess 125 as shown in Figure 2. In this example, the locking ring 130 includes four
latches 137 to match the number of channels 127. However, it is contemplated that
the number of latches 137 can be less than the number of channels, such as one,

two, or three latches.
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[0055] In one embodiment, an actuator 112 is provided for moving the locking
ring 130 in the recessed groove 123 between the upper, unlatched position and the
lower, latched position. The actuator 112 may be an electric actuator, pneumatic
actuator, or a hydraulic actuator. In one example, the actuator is a piston and
cylinder assembly. In another embodiment, an optional biasing member such as a
spring may be used to bias the locking ring 130 in the lower position in the groove
123.

[0056] In operation, the tool coupler 100 is used to connect a tool to a top drive 4.
Exemplary tools include tubular gripping tools configured to grip an inner surface or
an outer surface of the tubular, fill up tool, compensation tool, cementing tool, and
elevators. The tool adapter 150 is integrated with or connected to the tool. The tool
receiver 110 is coupled to or integrated with the shaft of the top drive 4. Referring to
Figure 6A, the tool receiver 110 is ready to receive the tubular body 155 of the tool
adapter 150. The locking ring 130 and its latches 137 are in the lower position,

which may be due to the actuator 112 or the spring.

[0057] Before inserting the tool adapter 150, the locking keys 165 are aligned with
the complementary channels 127 of the tubular body 120. The tubular body 155 is
inserted into the opening 122 of the tubular body 120. During insertion, locking keys
165 are moved axially inside the channels 127. The upper end of the locking keys
165 will contact the lower end of the latches 137 and urge the latches 137 to move
upward to the upper position. When the keys 165 are laterally aligned with the
recess 125, the tool adapter 150 is rotated to the right relative to the tubular body
120 to move the keys 165 inside the recess 125, as shown in Figure 6B. In another
embodiment, the tubular body 120 is rotated to the left relative to the keys 165 to
position the keys 165 inside the recess 125. Because the keys 165 are no longer in
the channels 127, the locking ring 130 can move back down to the lower position.
The locking ring 130 may move downwardly due to the actuator 112, the spring, or
both. Figure 2 shows the tool adapter 150 coupled to the tubular body 120 and
locked by the locking ring 130.

[0058] Figure 7A illustrates a tool coupler 300 for use with a top drive system

(e.g., top drive 4 in Figure 1) according to one embodiment. Figure 8A illustrates a

10
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cross-sectional view of the tool coupler 300 of Figure 7A. The tool coupler 300 is
used to facilitate the connection of a tool 11 to the top drive 4. In some
embodiments, the tool coupler 300 is a multi-coupler for supporting load, transferring
torque, and having couplings to transfer power, including hydraulic, electric, data,
and/or pneumatic. In one embodiment, the tool coupler 300 includes a receiver
assembly 310 and a tool adapter 350. The receiver assembly 310 is coupled to the
top drive 4, and the tool adapter 350 is coupled to the tool. The tool adapter 350 is

engageable with the receiver assembly 310 to connect the tool to the top drive 4.

[0059] The receiver assembly 310 generally includes a tubular body 320, a
locking mechanism 330, and an actuator 312 for moving the locking mechanism 330
axially relative to the tubular body 320. An optional swivel connector may be
provided to transfer hydraulics, pneumatics, and/or electronics from the top drive 4 to

the tool and from the tool to the top drive 4.

[0060] The tubular body 320 is integrated with or attached to a shaft 20 extending
from the top drive 4. The upper end of the tubular body 320 may be attached to the
shaft 20 via a threaded connection. The tubular body 320 includes a bore 326
extending therethrough and a plurality of locking members 325 disposed on the
tubular body 320.

[0061] In one embodiment, the plurality of locking members 325 is disposed
circumferentially around the tubular body 320, as shown in Figure 7A. The locking
members 325 are spaced apart on the outer surface and protrude outwardly in a
radial direction. In one embodiment, the locking members 325 are locking keys 325.
In this example, four locking keys 325 are disposed around the tubular body 320.
The locking keys 325 may have an arcuate shape, but can have any suitable shape
for mating with the tool adapter 350, such as rectangular shape or other suitable
polygonal shape. In one example, the sides of the locking keys 325 extend radially
outward. In this example, the locking members 325 are disposed at the lower end of
the tubular body 320. While four locking members 325 are shown, it is contemplated

that two, three, five, six, seven, eight, or more locking members 325 may be used.

11
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[0062] As shown in Figure 8A, the tool adapter 350 includes a tubular body 355
having a bore 357 therethrough. The bottom of the tubular body 355 may be
connected to the tool via a threaded connection or may be integrated with the tool.
The upper end of the tool adapter 350 includes a head 360 having a base 362 and a
plurality of locking receivers 365. The locking receivers 365 are spaced apart
circumferentially around the head 362 and extend upward from the base 362. The
width of the locking receivers 365 are sized so they can fit between the gaps of
adjacent locking keys 325 of the receiver assembly 310. Similarly, the gap between
locking receivers 365 are sufficiently sized accommodate the locking keys 325 of the
tubular body 320 of the receiver assembly 310. The inner diameter formed by the
locking receivers 365 is larger than the outer diameter formed by the locking keys
325 of the receiver assembly 310. A shoulder 368 is disposed at an upper end of
each locking receiver 365 and protrudes inwardly. The axial gap 366 between the
shoulder 368 and the base 362 is sufficient to accommodate the height of the locking

keys 325 of the receiver assembly 310.

[0063] Referring back to Figure 7A, the receiver assembly 310 includes a locking
mechanism 330 for rotationally locking the tool adapter 350 to the receiver assembly
310. In this example, the locking mechanism 330 is an outer housing 330, as shown
in Figure 9. The outer housing 330 is tubular shaped and includes a bore 332 for
receiving the tubular body 320. The outer housing 330 has an interior opening
having an inner diameter that is larger than the outer diameter of the base 362 and
the locking receivers 365. In this respect, the outer housing 330 may be lowered
and disposed over the head 360 of the tool adapter 350. A plurality of locking
members 370 protrudes from the wall of the outer housing 330 into the interior
opening. The plurality of locking members 370 is circumferentially spaced apart
around the outer housing 330. In one example, the locking members are locking
latches 370. The width of the locking latches 370 are sized so they can fit between
the gaps of adjacent locking receivers 365 of the tool adapter 350. Similarly, the gap
between locking latches 370 are sufficiently sized accommodate the locking
receivers 365 of the tool adapter 350. The height of the locking latches 370 is such
that, when lowered over the head 360, the lower end of the locking latches 370 will

be below the upper end of the locking keys 325 of the tool receiver 310. In one

12



CA 03071846 2020-01-31

WO 2019/067161 PCT/US2018/049021

example, the lower end of the locking latches 370 contacts the base 362. The radial
length of the locking latches 370 is sized so that, when lowered over the head 360,
the distal end of the locking latches 370 overlaps the distal end of the locking keys
325. In one example, the locking latches 370 overlaps radially at least 50%, 75%,
and 90% of the radial length of the locking keys 325. In one example, the locking
latches 370 taper radially inwardly.

[0064] In one embodiment, an actuator 312 is provided for axially moving the
outer housing 330 between an upper, unlatched position and the lower, latched
position, relative to the tubular body 320. The actuator 312 may be an electric
actuator, pneumatic actuator, or a hydraulic actuator. In one example, the actuator
is a piston and cylinder assembly. As shown in Figure 8A, the upper end of the
piston and cylinder assembly 312 is coupled to the upper end of the tubular body
320, and a lower end of the piston and cylinder assembly 312 is coupled to the outer
housing 330. Figure 12 illustrates another arrangement of the actuator 512. In this
embodiment, the piston and cylinder assembly 512 is coupled to a lower portion of

the outer housing 330 to reduce the overall length of the tool coupler 300.

[0065] In operation, the tool coupler 300 is used to connect a tool to a top drive 4.
Exemplary tools include tubular gripping tools configured to grip an inner surface or
an outer surface of the tubular, fill up tool, compensation tool, cementing tool, and
elevators. The tool adapter 350 is integrated with or connected to the tool. The tool
receiver 310 is coupled to or integrated with the shaft of the top drive 4. Referring to
Figure 7A, the tool receiver 310 is ready to receive the head 360 of the tool adapter
350. In this view, the outer housing 330 has been raised. Figure 8A illustrates a
cross-sectional view of the connection process. In this view, the outer housing 330
is in the lower position. The outer housing 330 can be raised by actuator 312 or the

upward force from the tool adapter 350.

[0066] Before inserting the tool adapter 350, the locking keys 325 of the tool
receiver 310 are aligned with the gaps of the locking receivers 365 of the tool
adapter 310. The locking keys 325 are inserted into the head 360 until the upper
end of the locking keys 325 is below the lower end of the shoulders 368, as shown in

Figures 7B and 8B. In one embodiment, the locking keys 325 are inserted until the
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bottom contacts the based 362. Figure 7B shows the locking keys 325 positioned in
the gaps between the locking receivers 365. However, the locking latches 370 are

positioned above the locking receivers 365 as shown in Figure 8B.

[0067] Thereafter, the locking keys 325 are rotated relative to the tool adapter
350, as shown in Figures 7C and 8C. In Figures 7C and 8C, the locking keys 325
have been rotated beneath the shoulder 368 of the locking receivers 365. In this
respect, the tool adapter 350 is axially locked relative to the tool receiver 310. In
Figure 8C, it can be seen that, after rotation, the locking receivers 365 are positioned
in the gaps between adjacent locking latches 370. In one example, the locking keys

325 are rotated 90 degrees.

[0068] In one embodiment, the tool coupler 300 includes a rotation stop
mechanism. In the example shown in Figure 10A, the base 362 may include a guide
such as a bolt 385 that is mateable with a curved slot 381 in the lower end of the
tubular body 320. The bolt 385 engages the slot 381 when the locking keys 325 are
inserted into the head 362. The bolt 385 moves in the slot 381 during rotation of the
locking keys 325. The bolt 385 will hit the end of the slot 381 when the locking keys

325 are under and aligned with the locking receivers 365.

[0069] After rotation, the outer housing 330 is lowered relative to the locking
receivers 365, as shown in Figure 10B. The outer housing 330 is lowered using the
actuator 312. After the outer housing has been lower 330, the tool adapter 350 is
rotationally locked relative to the receiver assembly 310. In this view, the cross-
section of the locking latches 370 can be seen due to their position in the gaps
between the locking receivers 365. Similarly, the locking receivers 365 are hidden
due to their location in the gaps between the locking latches 370. It can also be
seen that the bottom of the locking latches 370 are adjacent the base 362 of the tool
adapter 350. Figure 10C is a perspective view of the tool adapter 350 engaged to

the receiver assembly 310.

[0070] Figures 11A-11C are different cross-sectional views of the tool coupler 300
after lowering the outer housing 330. Figure 11C is a cross-sectional view of the tool

coupler 300 cutting across a horizontal plane. Figure 11A is a cross-sectional view
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of the tool coupler 300 along line A shown in Figure 11C. Figure 11B is a cross-
sectional view of the tool coupler 300 along line B shown in Figure 11C. As seen
Figure 11A, the locking receivers 365 are positioned in the gaps between locking
latches 370, and the keys 325 are positioned under the locking receivers 365. As
seen in Figure 11B, the locking latches 370 are disposed between the gaps of the

locking receivers 365.

[0071] Figure 13 illustrates a tool coupler 400 for use with a top drive system
(e.g., top drive 4 in Figure 1) according to one embodiment. The tool coupler 400 is
used to facilitate the connection of a tool 11 to the top drive 4. In some
embodiments, the tool coupler 400 is a multi-coupler for supporting load, transferring
torque, and having couplings to transfer power, including hydraulic, electric, data,
and/or pneumatic. In one embodiment, the tool coupler 400 includes a receiver
assembly 410 and a tool adapter 450. The receiver assembly 410 is coupled to the
top drive 4, and the tool adapter 450 is coupled to the tool. The tool adapter 450 is

engageable with the receiver assembly 410 to connect the tool to the top drive 4.

[0072] The receiver assembly 410 generally includes a coupling body 420, an
outer housing 430, and an actuator 412 for moving the coupling body 420 rotationally
and axially relative to the outer housing 430. An optional swivel connector may be
provided to transfer hydraulics, pneumatics, and/or electronics from the top drive 4 to

the tool and from the tool to the top drive 4.

[0073] Figure 14 is a perspective view of the actuator body 412, and Figure 14A
is a cross-sectional view of the actuator body 412. Referring to Figure 14, the
actuator body 412 has a tubular shape and includes a bore 426 extending
therethrough. The actuator body 412 may be integrated with or attached to a shaft
20 extending from the top drive 4. The upper end of the actuator body 412 may be
attached to the shaft 20 via a threaded connection. In one embodiment, the upper
end of the actuator body 412 has a hexagon outer shape 443 for engaging the drive
mechanism of the top drive system. An enlarged diameter portion 447 on the outer
surface of the actuator body 412 includes upper and lower bearing surfaces 441 for
coupling with the outer housing 430. Threads 442 are formed on the lower end of

the bore 426 for coupling with the coupling body 420. The bore 426 has an enlarged
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inner diameter section 444 for accommodating the seal 424 on the coupling body
420.

[0074] Figure 15 is a perspective view of the coupling body 420. The coupling
body 420 has a tubular shape and includes a bore extending therethrough. The bore
can communicate with the bore 426 of the actuator body 412. The upper end of the
coupling body 420 includes threads 422 for mating with the threads 442 of the
actuator body 412. The upper end may also include a sealing groove 427 for
retaining a sealing element 424 such as an o-ring. The sealing element 424 may
sealingly engage the inner surface of the enlarged inner diameter section 444 of the
bore 426. An enlarged diameter portion 428 on the outer surface of the coupling
body 420 helps center the coupling body 420 inside the outer housing 430. One or
more holes 429 are formed on the outer surface of the enlarged diameter portion 428
for receiving a retainer 449. In one embodiment, the retainer 449 is a pin. In one

embodiment, the retainer 449 is shearable.

[0075] A plurality of locking members 425 is disposed on the front end of the
coupling body 420. In one embodiment, the plurality of locking members 425 is
disposed circumferentially around the coupling body 420. The locking members 425
are spaced apart on the outer surface and protrude outwardly in a radial direction. In
one embodiment, the locking members 425 are locking keys having a clamping
surface. In this example, six locking keys 425 are disposed around the coupling
body 420. The locking keys 425 may have an arcuate outer shape, but can have
any suitable shape for mating with the tool adapter 450, such as rectangular shape
or other suitable polygonal shape. While six locking members 425 are shown, it is
contemplated that two, three, four, five, seven, eight, or more locking members 425
may be used. In one example, the outer surface of the locking keys 425 may be

tapered in the axial direction to facilitate engagement with the tool adapter 450.

[0076] Figure 16 is a perspective view of the outer housing 430, and Figure 16A
is a cross-sectional view of the outer housing 430. Referring to Figure 16, the outer
housing 430 has a tubular shape and includes a bore 432 extending therethrough.
The bore 432 is configured to at least partially house the coupling body 420 and the

actuator body 412. The upper end of the bore 432 includes an enlarged inner
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diameter section 456 to accommodate the enlarged diameter portion 447 on the
outer surface of the actuator body 412. The shoulder 454 formed between the lower
end of the enlarged diameter section 456 and the unenlarged diameter of the bore
432 serves as a bearing surface. A first bearing 433 is disposed between the lower
bearing surface 441 of the actuator body 412 and the shoulder 454 at the end of the
enlarged diameter section 456 of the bore 432 of the outer housing 430. See also
Figure 13. A second bearing 434 is disposed between the upper bearing surface
442 of the actuator body 412 and a cover 452 attached to the end of the outer
housing 430.

[0077] An exemplary cover 452 is illustrated in Figure 17. In this example, the
cover 452 is an annular ring having an inner diameter that is about the same size as
the outer diameter of the actuator body 412 but smaller than the outer diameter of
the enlarged diameter portion of the actuator body 412. The cover 452 also includes

holes 453 for a connector such as a screw or bolt to attach to the outer housing 430.

[0078] The lower portion 457 of the bore 432 of the outer housing 430 is enlarged
to accommodate the tool adapter 450 and the coupling body 420. One or more
alignment features such as alignment pins 435 are attached to the inner surface of
the lower portion 457 of the bore 432 adjacent the opening. The alignment pins 435
may be attached to holes 436 formed in the inner surface. In one example, four pins
435 are used; however, it is contemplated that any suitable number of pins may be
used, such as one, two, three, five, six, seven, eight, or more pins. In one
embodiment, the opening may have a tapered surface 458 to help guide the tool

adapter 450 into the outer housing 430.

[0079] The outer housing 430 includes a slot 439 for receiving the retainer 449 of
the coupling body 420. In one embodiment, the slot 439 includes a first section that
allows the retainer 449 to rotate relative to the outer housing 430 and a second
section that allows the retainer 449 to move axially relative to the outer housing 430.
In one example, the slot 439 is a J-slot. In another embodiment, the slot may be
angled so that axial and rotational movements occur simultaneously. In yet another
embodiment, the slot includes a rotational section, an axial section, and a transitional

section where both axial and rotational movements occur. In one embodiment, the
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slot 439 is formed through the wall of the outer housing 430, so the position of the
retainer 449 in the slot 439 can be viewed from outside the tool coupler 400. In
another embodiment, the slot may be formed as a groove in the outer housing 430 if
visual indication of the retainer 449 is not necessary. In one example, four slots 439
are used; however, it is contemplated that any suitable number of slots may be used,

such as one, two, three, five, six, seven, eight, or more slots.

[0080] Figure 18 is a perspective view of the tool adapter 450. Figure 13 shows a
cross-sectional view of the tool adapter 450. As shown in these Figures, the tool
adapter 450 includes a tubular body 455 having a central bore 467 therethrough.
The lower end of the tubular body 455 may be connected to the tool via a threaded
connection or may be integrated with the tool. The upper end of the tool adapter 450
is configured to engage with the receiver assembly 410. The outer diameter of the
tool adapter 450 is sized for insertion into the lower opening of the outer housing
430. A plurality of alignment grooves 459 is formed in the outer surface of the tool
adapter 450 and extend axially along the tool adapter 450. The alignment grooves
459 are configured to mate with the alignment pins 435 in the outer housing 430.
Mating of the mating pins 435 with the grooves 459 aligns the tool adapter 450 for
engagement with the coupling body 420. Mating of the mating pins 435 with the
grooves 459 also prevent relative rotation between the tool adapter 450 and the
outer housing 430. In one example, at least a portion of the wall of the grooves 459
at the upper end is tapered to facilitate receiving of the alignment pins 435. In
another example, the outer surface at the upper end of the tool adapter 450 is
tapered to facilitate entry into the outer housing 430. The bore of the 457 of the
outer housing 430 may have a complementary taper to accommodate the tool
adapter 450.

[0081] The upper end of the tool adapter 450 has an enlarged bore 487 to receive
the coupling body 420. A plurality of locking members is disposed in the enlarged
bore 487 for engaging the locking keys 425 of the coupling body 420. In one
embodiment, the locking members are locking receivers 465. The locking receivers
465 are spaced apart circumferentially around the inner diameter of the enlarged
bore and extend inwardly. The width of the locking receivers 465 are sized so they

can fit between the gaps of adjacent locking keys 425 of the coupling body 420.
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Similarly, the gap between locking receivers 465 are sufficiently sized accommodate
the locking keys 425 of the coupling body 420 the receiver assembly 410. The
bottom end of the locking receivers 465 forms a clamping surface 482 for engaging
the clamping surface at the upper end of the locking keys 425. The upper end of the
locking receivers 465 may include a taper surface 483 to facilitate engagement with
the coupling body 420. The axial distance from the bottom end of the locking
receivers 465 to the bottom end of the enlarged bore 487 is sufficient to house the
locking keys 425. A sealing groove 486 is formed at the interface between the
enlarged bore 487 and the central bore 467. A sealing element 484 such as an o-
ring may be disposed in the sealing groove 427. The sealing element 484 may

sealingly engage the end surface of the coupling body 420.

[0082] In operation, the tool coupler 400 is used to connect a tool to a top drive 4.
Exemplary tools include tubular gripping tools configured to grip an inner surface or
an outer surface of the tubular, fill up tool, compensation tool, cementing tool, and
elevators. The tool adapter 450 is integrated with or connected to the tool. The
receiver assembly 410 is coupled to or integrated with the shaft of the top drive 4.
Referring to Figure 13, the tool receiver 410 is ready to receive the tool adapter 450.
The shear pins 449 of the coupling body 420 are located at one end of the slot 439

of the outer housing 430, as shown in Figure 19A.

[0083] Before inserting the tool adapter 450, the alignment pins 435 of the tool
receiver 410 are aligned with the alignment groove 459 of the tool adapter 410. In
this position, the locking receivers 465 are also aligned with the gaps between the

locking keys 425 of the coupling body 420.

[0084] In Figure 19, the tool adapter 450 is partially inserted into the outer
housing 430 of the receiver assembly 410. As shown, the alignment pins 435 are
disposed in the alignment groove 459 of the tool adapter 450. The locking receivers
465 are inserted past the locking keys 425 of the coupling body 420. The front end
of the coupling body 420 sealingly contacts the sealing member 484 in the tool
adapter 450.
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[0085] The actuator body 412 is rotated to rotate the coupling body 420 relative to
the tool adapter 450. Torque is transferred from the actuator body 412 to the
coupling body 420 via threads 422. Because the tool adapter 450 is coupled to the
alignment pins 435, the tool adapter 450 cannot rotate. As a result, rotation of the
actuator body 412 causes relative rotation between the coupling body 420 and the
tool adapter 450. In turn, the locking keys 425 are rotated relative to the locking
receivers 465. After rotation, the upper end of the locking keys 425 abuts the lower
end of the locking receivers 465, thereby preventing the tool adapter 450 from
moving axially relative to the coupling body 420. Rotation of the coupling body 420
also causes the shear pins 449 to move in the slots 439 from the rotational section

toward the axial section.

[0086] As the actuator body 412 continues to rotate, the shear pins 449 will reach
the axial section of the slots 439. In this position, the coupling body 420 is prevented
from relative rotation with outer housing 430. In turn, the actuator body 412 will
rotate relative to the coupling body 412. As a result, rotation of the actuator body
412 relative to the coupling body 420 via the threads 422 will cause the coupling
body 420 to move axially upward relative to the actuator body 412 and the outer
housing 430. The tool adapter 450 is also moved axially in response to the axial
movement of the coupling body 420. In one embodiment, the coupling body 420 will
continue to move axially until the shear pins reaches the end of the slot 439, as
shown in Figure 20A. Figure 20 is a cross-sectional view of the tool coupling 400

after the tool adapter 450 is engaged with the receiver assembly 410.

[0087] In the event disconnection is necessary, the coupling body 420 may be
rotated relative to the outer housing 430 to shear the shear pin 449. For example, a
torque sufficient to break the shear pins 449 can be applied to the actuator body 412
and transferred to the coupling body 420. After the shear pins 449 are sheared, the
coupling body 420 can be rotated relative to the tool adapter 450 to move the locking
keys 425 to the gaps between the locking receivers 465, thereby allowing the tool

adapter 450 to be removed from the receiver assembly 410.

[0088] Figure 21 illustrates a tool coupler 500 for use with a top drive system

(e.g., top drive 4 in Figure 1) according to one embodiment. The tool coupler 500 is
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used to facilitate the connection of a tool 11 to the top drive 4. In some
embodiments, the tool coupler 500 is a multi-coupler for supporting load, transferring
torque, and having couplings to transfer power, including hydraulic, electric, data,
and/or pneumatic. In one embodiment, the tool coupler 500 includes a receiver
assembly 510 and a tool adapter 550. The receiver assembly 510 is coupled to the
top drive 4, and the tool adapter 550 is coupled to the tool. The tool adapter 550 is

engageable with the receiver assembly 510 to connect the tool to the top drive 4.

[0089] The receiver assembly 510 generally includes a coupling body 520 and
locking members 525. An optional swivel connector may be provided to transfer
hydraulics, pneumatics, and/or electronics from the top drive 4 to the tool and from

the tool to the top drive 4.

[0090] Figure 22 is a cross-sectional view of the coupling body 520. The coupling
body 520 has a tubular shape and includes a bore 526 extending therethrough. The
bore 526 at the opening of the coupling body 520 has an enlarged inner diameter
section 521 to receive the tool adapter 550. In one embodiment, an intermediate
diameter section 522 between the bore 526 and the enlarged diameter section 521
forms a shoulder for engaging the tool adapter 550. One or more sealing elements
524 may be used to sealingly engage the tool adapter 550. A suitable sealing
element 524 is an o-ring. A first sealing element 524 may be positioned to engage
the front end of the tool adapter 550. Alternatively, or in addition to the first sealing
element 524, a second sealing element 524 may be positioned in the coupling body

520 to engage the side of the tool adapter 550.

[0091] Referring also to Figures 22A and 22B, a plurality of locking members 525
is disposed in the receiver assembly 510 to engage the tool adapter 550. In one
embodiment, the plurality of locking members 525 is disposed circumferentially
around the enlarged diameter section 521 of the coupling body 520. The locking
members 525 protrude inwardly in a radial direction into the enlarged diameter
section 521 to engage a groove 565 of the tool adapter 550. The locking members
525 are positioned in a hole 565 formed in the coupling body 520 and may be
inserted into the hole 565 from the exterior. The locking members 525 are biased

into the enlarged diameter section 521 using a biasing member 566 such as a

21



CA 03071846 2020-01-31

WO 2019/067161 PCT/US2018/049021

spring. In one example, the locking members 525 are locking screws. In this
example, two locking screws 525 are disposed around the coupling body 520. While
two locking members 525 are shown, it is contemplated that three, four, five, six,
seven, eight, or more locking members 525 may be used. In one example, the inner
end of the locking members 525 is tapered to facilitate engagement with the tool
adapter 550. In another example, the outer end of the locking members 525 is color
coded to indicate the status of the locking members 525. For example, the locking
member 525 is sufficiently long such that it extends out of the coupling body 520
when it is engaged with the tool adapter 550. The portion 567 extending out of the
coupling body 520 may have a green color to indicate the locking member 525 is
engaged with the tool adapter 550. Figure 22A shows the locking member 525 in a
locked position and the green portion 567 is visible. The portion of the locking
member 525 below the green colored portion 567 may have a different color such as
yellow or red. In this respect, when the locking member 525 is retracted from
engagement with the tool adapter 550, the different colored portion would extend out
of the coupling body 520 and visible to the operator to indicate the locking member
525 is not locked to the tool adapter 550. Figure 22B shows the locking member 525
in an unlocked position and the yellow portion below the green portion 567 is also

visible.

[0092] Referring to Figure 22, the coupling body 520 includes one or more
alignment features for alignment with the tool adapter 550. In one embodiment,
alignment holes 536 are formed in the coupling body 520 for receiving alignment
pins of the tool adapter 550. The alignment holes 536 are located at bottom end of
the coupling body 520 facing the tool adapter 550. In another embodiment, the
alignment profiles 538 are formed in the bore 526 of the coupling body 520 for
receiving raised profiles on the tool adapter 550. For example, the alignment profiles
538 are recessed profiles formed in the wall of the bore 526 and are complementary
to the raised profiles of the tool adapter 550. It is contemplated the coupling body
520 may have one or more alignment features such as the alignment holes 536, the

alignment profiles 538, or both.

[0093] Figure 23 is a perspective view of the tool adapter 550. The tool adapter
550 includes a tubular body 555 having a central bore 587 therethrough. The lower
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end of the tubular body 555 may be connected to the tool via a threaded connection
or may be integrated with the tool. The upper end of the tool adapter 550 is
configured to engage the receiver assembly 510. In one embodiment, the tubular
body 555 includes a head portion 568 sized for insertion into the enlarged diameter
section 521 of the coupling body 520. The head portion 568 includes an
intermediate portion 591 and an upper portion 592. The upper portion 592 is sized
to fit within the bore 526, the intermediation portion 591 is sized to fit within the
intermediate diameter section 522, and the upper portion 592 is sized to fit within the
enlarged diameter section 521 of the coupling body 520. In this respect, the outer
diameter of the upper portion 592 is smaller than the intermediate portion 591, which
is smaller than the head portion 568. An incline surface 596 may be used as a
transition between the intermediate portion 591 and the head portion 568. The front
end of the intermediate portion 591 may engage the first sealing element 524, the

side of the intermediate portion 591 may engage the second sealing element 524.

[0094] A groove 565 is formed on an outer surface of the head portion 568. In
one embodiment, the groove 565 is a circumferential groove. The groove 565 is
configured to receive the locking members 525 of the receiver assembly 510. When
the locking members are inserted into the groove 565, the tool adapter 550 is axially
locked to the receiver assembly 510. In this respect, load may be transferred
between the tool adapter 550 and the receiver assembly 510. As a result, the top
drive may raise or lower the tool via the connection between the tool adapter 550
and the receiver assembly 510. In another embodiment, instead of a groove,
complementary locking holes may be formed in the head portion 568 to receive the

locking members 525.

[0095] The tool adapter 550 includes one or more complementary alignment
features for alignment with the receiver assembly 510. In the embodiment shown in
Figure 24, the tool adapter 550 includes one or more alignment pins 594 insertable
into the alignment holes 536 of the coupling body 520. In the embodiment shown in
Figure 25, the upper portion 592 includes a plurality of raised profiles 593. The
raised profiles 593 are configured to engage the alignment profiles 538 of the
coupling body 520. When the complementary alignment features of the tool adapter

550 are engaged with the alignment features of the receiver assembly 510, the
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alignment features rotationally lock the tool adapter 550 to the receiver assembly
510. As a result, torque may be transferred between the tool adapter 550 and the
receiver assembly 510. Thus, when the alignment pins 594 are engaged with the
alignment holes 536 and/or the raised profiles 593 are engaged with the recess
profiles 538, torque may be transferred between the tool adapter 550 and the

receiver assembly 510.

[0096] In operation, the tool coupler 500 is used to connect a tool to a top drive 4.
Exemplary tools include tubular gripping tools configured to grip an inner surface or
an outer surface of the tubular, fill up tool, compensation tool, cementing tool, and
elevators. The tool adapter 550 is integrated with or connected to the tool. The
receiver assembly 510 is coupled to or integrated with the shaft of the top drive 4.
Referring to Figure 21, the tool receiver 510 is ready to receive the tool adapter 550.

As shown, the tool adapter 550 is partially inserted into the receiver assembly 510.

[0097] Referring to Figure 26, during insertion, locking screws 525 may contact
the incline surface 596 of the tool adapter 550. The incline surface 596 will force the
locking screws 525 to move radially outward against the spring 566. In the retracted
position, the yellow colored portion of the locking screws 525 can be seen by the

operator.

[0098] As the tool adapter 550 continues to be inserted, the alignment features
will engage. For example, the raised profiles 593 are aligned for engagement with
the recessed profiles 538. While not shown in Figure 26, the alignment pins 594

may align with the alignment holes 536 of the receiver assembly 510.

[0099] Figure 27 shows the tool adapter 550 conneced to the receiver assembly
510. The locking screws 525 have been biased into the groove 565 by the spring
566. In this position, only the green colored portion of the locking screws 525 extend
out of the coupling body 520. The tool adapter 550 is now axially movable with the
receiver assembly 510. Also, the raised profiles 593 have mated with the recessed
profiles 538 of the receiver assembly 510. Torque can now be transferred from the
receiver assembly 510 to the tool adapter 550. It can be seen the sealing members

524 have sealingly engaged the tool adapter 550.
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[0100] In one or more of the embodiments described herein, one or more
couplings may be provided between the tool adapter and the receiver assembly.
The couplings are configured to transfer data and/or power, including hydraulic,
electric, pneumatic, and combinations thereof. In one example, the coupling is a
tube extending upward from the tool adapter (e.g., 150, 350, 450, 550), and the bore
in the tube is configured to communicate power and/or data. The coupling is
insertable into a channel in the receiver assembly (e.g., 110, 310, 410, 510). In this
manner, data and/or power, including hydraulic, electric, pneumatic, and
combinations thereof can be transferred between the tool adapter and the receiver
assembly. For example, in Figure 24, the alignment pin 594 may be a coupling that
communicates with the tool, and the hole 536 may be a channel that communicates
with the top drive or a swivel. When connected, data and/or power may be
communicated between the top drive and the tool. It must be noted that while not
shown, tool adapter may include one or more dedicated alignment pins 594 and one
or more dedicated couplings engageable with the receiver assembly. In another
example, in Figure 10A, the guide 385 may also act as a coupling that
communicates with the tool, and the slot 381 may be a channel that communicates
with the top drive or a swivel. When connected, data and/or power may be
communicated between the top drive and the tool. It must be noted that while not
shown, tool adapter may include one or more dedicated guides 385 and one or more

dedicated couplings engageable with the receiver assembly.

[0101] In one embodiment, a tool coupler includes a first component having a
tubular body and a locking member and a second component. The second
component includes a housing having an opening for receiving the tubular body; a
locking ring having a latch; an axial channel; and a recess for receiving the locking
member, wherein the latch is positioned in the channel to retain the locking member

in the recess.

[0102] In one or more embodiments described herein, the locking member is

rotatable into or out of the recess.

[0103] In one or more embodiments described herein, the locking ring is dispose

around a recessed groove of the housing.
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[0104] In one or more embodiments described herein, the locking ring is axially

movable in the recessed groove between an upper position and a lower position.

[0105] In one or more embodiments described herein, the latch is positioned to

retain the locking member in the recess when the locking ring is in the lower position.

[0106] In one or more embodiments described herein, the locking member is

movable out of the recess when the locking ring is in the upper position.

[0107] In one or more embodiments described herein, the first component

includes a plurality of locking members.

[0108] In one or more embodiments described herein, the tool coupler includes

an actuator for moving the locking ring.

[0109] In one or more embodiments described herein, the actuator comprises a

piston and cylinder assembly.

[0110] In one or more embodiments described herein, the actuator comprises a

biasing member.

[0111] In one or more embodiments described herein, the locking member is
disposed on an outer surface of the tubular body and protrudes outwardly in a radial

direction.

[0112] In one embodiment, a method of coupling a first component to a second
component includes inserting a locking member of the first component into an axial
channel of the second component; rotating the locking member relative to the axial
channel to move the locking member into a recess in the second component; and
axially moving a locking ring relative to the first component, whereby a latch of the

locking ring is moved into position to retain the locking member in the recess.

[0113] In one or more embodiments described herein, the latch of the locking ring

is movable in the axial channel.

[0114] In one or more embodiments described herein, the latch of the locking ring

at least partially blocks the recess.
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[0115] In one or more embodiments described herein, moving the locking

member into the recess axially locks the first component to the second component.

[0116] In one or more embodiments described herein, the locking ring is movable

in a groove between an upper position and a lower position.

[0117] In one or more embodiments described herein, the locking ring is moved

to the lower position to retain the locking member in the recess.

[0118] In one or more embodiments described herein, the method includes using

an actuator to move the locking ring.

[0119] In one or more embodiments described herein, the actuator includes one

of a piston and cylinder assembly and a biasing member.

[0120] In one or more embodiments described herein, the method includes
placing a coupling of the first component into communication with a channel in the

second component.

[0121] In one embodiment, a tool coupler includes a first component having a
tubular body and a plurality of circumferentially spaced locking receivers; and a
second component having a housing having a tubular body and a plurality of locking
members, wherein the plurality of locking receivers is rotatable into engagement with
the plurality of locking members to axially lock the first component to the second
component; and a locking housing disposed around and axially movable relative to
the tubular body. The locking housing includes an opening for receiving the plurality
of locking receivers; and a plurality of latches disposed in the opening, wherein the
plurality of latches is disposable between the plurality of locking receivers to

rotationally lock the first component to the second component.

[0122] In one or more embodiments described herein, the plurality of locking
receivers includes a shoulder and the plurality of locking members is rotatable into

engagement with the shoulder.
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[0123] In one or more embodiments described herein, the first component further
comprises a base and the plurality of locking receivers is circumferentially disposed

on the base.

[0124] In one or more embodiments described herein, the plurality of locking

members is disposed between the base and the shoulder.

[0125] In one or more embodiments described herein, a gap between the
plurality of locking receivers is sufficient to accommodate the plurality of locking

members.

[0126] In one or more embodiments described herein, the plurality of latches is
disposable between the plurality of locking members to rotationally lock the first

component to the second component.

[0127] In one or more embodiments described herein, the plurality of locking

members protrudes outwardly from the tubular body.

[0128] In one or more embodiments described herein, the tool coupler includes

an actuator for moving the locking housing.

[0129] In one or more embodiments described herein, the actuator comprises a

piston and cylinder assembly.

[0130] In one or more embodiments described herein, the tool coupler includes a
rotation stop mechanism to stop relative rotation between the first component and

the second component.

[0131] In one or more embodiments described herein, the rotation stop
mechanism comprises a guide disposed on the first component; and a slot formed in

the second component for receiving the guide.

[0132] In one embodiment, a method of coupling a first component to a second
component includes positioning a plurality of locking receivers of the first component
between a plurality of locking members of the second component; rotating the
plurality of locking members into engagement with the plurality of locking receivers to

axially lock the first component to the second component; and axially moving a
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locking housing relative to the locking members, whereby a latch of the locking

housing is moved into position between the plurality of locking receivers.

[0133] In one or more embodiments described herein, the latch of the locking

housing is moved into position between the plurality of locking members.

[0134] In one or more embodiments described herein, moving the locking housing
comprises moving the plurality of locking receivers into an opening in the locking

housing.

[0135] In one or more embodiments described herein, rotating the plurality of
locking members comprises rotating the plurality of locking members into axial

abutment with a shoulder of the locking receivers.

[0136] In one or more embodiments described herein, rotating the plurality of
locking members comprises rotating the plurality of locking members into axial

alignment with the locking receivers.

[0137] In one or more embodiments described herein, the locking ring is moved

to the lower position to retain the locking member in the recess.

[0138] In one or more embodiments described herein, the method includes using

an actuator to move the locking housing.

[0139] In one or more embodiments described herein, the method includes
stopping rotation of the plurality of locking members using a guide and slot

mechanism.

[0140] In one or more embodiments described herein, the method includes
placing a coupling of the first component into communication with a channel in the

second component.

[0141] In one embodiment, a tool coupler includes a first component having a
tubular body and a plurality of circumferentially spaced locking receivers disposed in
a bore of the tubular body; and a second component. The second component
having an outer housing having a tubular body, the outer housing having an

alignment member for engaging the first component; a coupling body disposed in the
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outer housing, the coupling body having a plurality of locking members, wherein the
plurality of locking members is rotatable into engagement with the plurality of locking
receivers of the first component to axially lock the first component to the second
component; and an actuator for moving the coupling body relative to the outer

housing.

[0142] In one or more embodiments described herein, the tool coupler includes a
retainer attached to the coupling body, the retainer movable in a slot formed in the

outer housing.
[0143] In one or more embodiments described herein, the retainer is shearable.

[0144] In one or more embodiments described herein, the slot limit rotational

movement of the coupling body relative to the outer housing.

[0145] In one or more embodiments described herein, the actuator is rotatable

relative to the outer housing and the coupling body.

[0146] In one or more embodiments described herein, rotation of the actuator

causes axial movement of the coupling body relative to the outer housing.

[0147] In one or more embodiments described herein, the tubular body of the first

component is insertable into the outer housing.

[0148] In one or more embodiments described herein, the plurality of locking

members are disposable in the bore of the first component.

[0149] In one or more embodiments described herein, an upper end of the
plurality of locking members is engageable to a lower end of the plurality of locking

receivers.

[0150] In one or more embodiments described herein, the alignment member is
engageable with a groove formed on an outer surface of the first component to

rotationally lock the first component to the second component.

[0151] In one or more embodiments described herein, the actuator is connected

to the coupling body using a threaded connection.
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[0152] In one embodiment, a method of coupling a first component to a second
component includes engaging an alignment guide of the second component to the
first component; positioning a plurality of locking receivers of the first component
between a plurality of locking members disposed inside an outer housing of the
second component; rotating the plurality of locking members into engagement with
the plurality of locking receivers to axially lock the first component to the second
component; and axially moving the plurality of locking members and the plurality of

locking receivers relative to the outer housing.

[0153] In one or more embodiments described herein, the plurality locking

members are disposed on a coupling body.

[0154] In one or more embodiments described herein, the method includes

coupling a retainer of the coupling body to a slot of the outer housing.

[0155] In one or more embodiments described herein, rotation of the plurality of

locking members is limited by the retainer and slot.

[0156] In one or more embodiments described herein, axially moving the plurality

locking members moves the retainer axially along the slot.

[0157] In one or more embodiments described herein, after the retainer axially

along the slot, the coupling body is rotationally locked against the outer housing.

[0158] In one or more embodiments described herein, the method includes using

an actuator to rotate and axially move the plurality of locking members.

[0159] In one or more embodiments described herein, axially moving the plurality
of locking members and the plurality of locking receivers relative to the outer housing

also move the first component axially relative to the outer housing.

[0160] In one or more embodiments described herein, the method includes
placing a coupling of the first component into communication with a channel in the

second component.

[0161] In one embodiment, a tool coupler includes a first component having a

tubular body; a locking receiver formed on an outer surface of the tubular body; and
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an alignment feature. The tool coupler also includes a second component having a
coupling body having a bore for receiving the tubular body of the first component; a
locking member disposed in the coupling body for engaging the locking receiver; and
a complementary alignment feature for engaging the alignment feature of the first

component.

[0162] In one or more embodiments described herein, the locking member and

the locking receiver are configured to transfer load.

[0163] In one or more embodiments described herein, the alignment feature and

the complementary feature are configured to transfer torque.

[0164] In one or more embodiments described herein, the locking receiver

comprises a groove.

[0165] In one or more embodiments described herein, the locking member is

radially movable relative to the coupling body.

[0166] In one or more embodiments described herein, the locking member is

retractable from the bore of the coupling body.

[0167] In one or more embodiments described herein, the tool coupler includes a

biasing member for biasing the locking member.

[0168] In one or more embodiments described herein, the locking member

includes a visible portion extendable out of the coupling body.

[0169] In one or more embodiments described herein, the alignment feature
comprises one or more alignment pins, and the complementary alignment feature

comprises one or more alignment holes.

[0170] In one or more embodiments described herein, the alignment feature
comprises one or more raised profiles, and complementary alignment feature

comprises one or more recessed profiles.

[0171] In one or more embodiments described herein, the tubular body of the first

component includes an incline surface for moving the locking member.
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[0172] In one embodiment, a method of coupling a first component to a second
component includes engaging an alignment feature of the first component to a
complementary alignment feature of the second component; retracting a locking
member of the second component while inserting the first component into the
second component; and extending the locking member into engagement with a

locking receiver of the first component.

[0173] In one or more embodiments described herein, the method includes
transferring load between the first component and the second component via the

locking member and the locking receiver.

[0174] In one or more embodiments described herein, the method includes
transferring torque between the first component and the second component via the

alignment feature and the complementary alignment feature.

[0175] In one or more embodiments described herein, the method includes

biasing the locking member using a biasing member.

[0176] In one or more embodiments described herein, the method includes
retracting the locking member comprising contacting the locking member with an

incline surface on an outer surface of the tubular body of the first component.

[0177] In one or more embodiments described herein, the method includes
engaging the alignment feature to a complementary alignment feature comprises
engaging a raised profile of the first component to a recessed profile of the second

component.

[0178] In one or more embodiments described herein, the method includes
engaging the alignment feature to a complementary alignment feature comprises
engaging an alignment pin of the first component to an alignment hole of the second

component.

[0179] In one or more embodiments described herein, the method includes
extending the locking member into engagement with the locking receiver of the first
component comprises extending a plurality of locking members into engagement

with a groove of the first component.
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[0180] In one or more embodiments described herein, the method includes
placing a coupling of the first component into communication with a channel in the

second component.

[0181] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A tool coupler comprising:
a first component having a tubular body and a locking member; and
a second component having:
a housing having an opening for receiving the tubular body;
a locking ring having a latch;
an axial channel; and
a recess for receiving the locking member, wherein the latch is positioned
in the channel to retain the locking member in the recess and wherein the axial

channel provides the locking member entry into the recess.

2. The tool coupler of claim 1, wherein the locking member is rotatable into or out of
the recess.
3. The tool coupler of claim 1, wherein the locking ring is disposed around a recessed

groove of the housing.

4. The tool coupler of claim 3, wherein the locking ring is axially movable in the
recessed groove between an upper position and a lower position.

5. The tool coupler of claim 4, wherein the latch is positioned to retain the locking

member in the recess when the locking ring is in the lower position.

6. The tool coupler of claim 4, wherein the locking member is movable out of the

recess when the locking ring is in the upper position.

7. The tool coupler of claim 1, wherein the first component comprises a plurality of

locking members.

8. The tool coupler of claim 1, wherein the locking member is disposed on an outer
surface of the tubular body and protrudes outwardly in a radial direction.
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9. The tool coupler of claim 1, further comprises an actuator for moving the locking

ring.

10.  The tool coupler of claim 9, wherein the actuator comprises a piston and cylinder

assembly.

11.  The tool coupler of claim 9, wherein the actuator comprises a biasing member.

12.  The tool coupler of claim 1, wherein the latch of the locking ring is at least
partially disposed in the axial channel prior to the locking member being positioned in

the recess.

13. A method of coupling a first component to a second component comprising:

inserting a locking member of the first component into an axial channel of the
second component;

rotating the locking member relative to the axial channel to move the locking
member into a recess in the second component; and

axially moving a locking ring into contact with the first component, whereby a
latch of the locking ring is moved into position to retain the locking member in the

recess.

14.  The method of claim 13, wherein the latch of the locking ring is movable in the

axial channel.

15.  The method of claim 14, wherein the latch of the locking ring is at least partially
disposed in the axial channel prior to inserting the locking member of the first
component into the axial channel.

16.  The method of claim 13, wherein the latch of the locking ring at least partially

blocks the recess.
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17.  The method of claim 13, wherein moving the locking member into the recess

axially locks the first component to the second component.

18.  The method of claim 13, wherein the locking ring is movable in a groove of the

second component between an upper position and a lower position.

19. The method of claim 18, wherein the locking ring is moved to the lower position

to retain the locking member in the recess.

20.  The method of claim 13, further comprising using an actuator to move the locking

ring.

21.  The method of claim 20, wherein the actuator includes one of a piston and

cylinder assembly and a biasing member.

22.  The method of claim 20, further comprising placing a coupling of the first
component into communication with a channel in the second component.
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