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TOOL IDENTIFICATION

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] The present disclosure generally relates to apparatus and methods for
tool identification during a well operation. More particularly, the present disclosure
relates to apparatus and method for automatic tool identification in a modular top

drive system.

Description of the Related Art

[0002] During a well operation, various tools are used with a top drive. First, a
wellbore is formed to access hydrocarbon-bearing formations (e.g., crude oil and/or
natural gas) or for geothermal power generation by drilling. Drilling is accomplished
by utilizing a drill bit that is mounted on the end of a drill string. To drill within the
wellbore to a predetermined depth, the drill string is connected to a top drive on a
surface rig by a drilling tool and rotated by the top drive. After drilling to a
predetermined depth, the drilling tool, drill string and drill bit are removed from the
top drive. A casing tool is then attached to the top drive to lower a section of casing
into the wellbore. An annulus is thus formed between the casing string and the
formation. The casing string may then be hung from the wellhead. The casing tool
may then be replaced by a cementing tool to conduct a cementing operation to fill
the annulus with cement. The casing string is cemented into the wellbore by
circulating cement into the annulus defined between the outer wall of the casing
and the borehole. The combination of cement and casing strengthens the wellbore
and facilitates the isolation of certain areas of the formation behind the casing for
the production of hydrocarbons. The tool exchange during drilling, casing, and
cementing modes usually requires personnel to identify the correct tool and to work

at heights on the rig thus is time consuming and dangerous.

[0003] Therefore, there is a need for apparatus and methods for automatic tool

identification to enable automated tool exchange during a well operation.

SUMMARY OF THE DISCLOSURE

[0004] The present disclosure generally relates to apparatus and methods for

1
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automatic tool identification in a modular top drive system. The modular top drive
system may include an identification reader for automatically identifying tools during
operation for rig up and tool exchange. The identification reader may be disposed
in one of a tool storage unit, a tool change unit or a top drive unit. Drilling tools,
cementing tools and casing tools with one or more identification devices may be
used with the modular top drive system. The one or more identification devices
may be radio frequency identification devices, barcodes, such as linear barcodes

and matrix barcodes, text tags, micro-controllers, or combinations thereof.

[0005] One embodiment of the present disclosure provides a method for
operating a modular top drive system. The method includes positioning a tool
within a range of an identification reader, reading one or more identification devices
on the tool using the identification reader to identify the tool, configuring a top drive
unit according to the identification of the tool, and engaging the tool to a top drive

unit.

[0006] Another embodiment provides a modular top drive system including a top
drive unit for selectively connecting to a tool, an identification reader configured to
obtain identity information from identification devices, and a central control unit

connectable to the top drive unit and the identification reader.

[0007] One embodiment provides a modular top drive system. The modular top
drive system comprises a top drive unit for selectively connecting to a tool by a
friction structure, such as slips, or by a weight bearing shoulder, such as a shoulder
having a latch profile, and an identification reader, wherein the identification reader

is configured to obtain identity information from identification devices on tools.

[0008] Another embodiment provides a method for operating a modular top
drive system. The method includes positioning a tool within a range of an
identification reader, reading one or more identification devices on the tool using
the tool identification reader to confirm the tool is the correct tool; and engaging the

tool to a top drive unit.

[0009] Another embodiment provides a tool for construction of a wellbore. The
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tool includes a coupling for connecting to a top drive by a friction structure, or a
weight bearing shoulder, and one or more identification devices including

identification information.

[0010] Another embodiment provides a top drive unit for construction of a
wellbore. The top drive unit includes a drive body, a drive motor having a stator
connected to the drive body, a coupler torsionally connected to a rotor of the drive
motor for selectively connecting a tool, and an identification reader to obtain identity

information of an identification device on the tool.

[0011] Another embodiment provides a tool change unit. The tool change unit
includes a tool holder configured to lift a tool, a drive assembly configured to move
the tool holder, and an identification reader to obtain identity information from an

identification device on the tool.

[0012] Another embodiment provides a tool storage unit. The tool storage unit
includes a frame having one or more parking spots, and an identification reader to
obtain identity information from identification devices on tools in the parking spots.
Each parking spot is configured to receive one of a drilling tool, a casing tool, a
cementing tool, a fracturing tool, a pump, a sand screen, a clamping tool, an
internal gripping tool, an external gripping tool, an adaptor, or a combination

thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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.

[0014] Figure 1 schematically illustrates a modular top drive system according to

one embodiment of the present disclosure.
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[0015] Figure 2A is schematic sectional view of a drilling tool including an

identification device according to one embodiment of the present disclosure.

[0016] Figure 2B is a schematic top view of an external profile of a coupling of

the drilling tool of Figure 2A.

[0017] Figure 2C is a schematic sectional view of the drilling tool of Figure 2A

showing distribution of identification devices.

[0018] Figure 2D is schematic sectional view of a casing tool including an

identification device according to one embodiment of the present disclosure.

[0019] Figure 2E is schematic sectional view of a cementing tool including an

identification device according to one embodiment of the present disclosure.

[0020] Figure 3A is schematic sectional view of a drilling tool including an

identification device according to one embodiment of the present disclosure.

[0021] Figure 3B is schematic sectional view of a casing tool including an

identification device according to one embodiment of the present disclosure.

[0022] Figure 3C is schematic sectional view of a cementing tool including an

identification device according to one embodiment of the present disclosure.

[0023] Figure 4A is schematic sectional view of a drilling tool including an

identification device according to one embodiment of the present disclosure.

[0024] Figure 4B is schematic sectional view of a casing tool including an

identification device according to one embodiment of the present disclosure.

[0025] Figure 4C is schematic sectional view of a cementing tool including an

identification device according to one embodiment of the present disclosure.

[0026] Figure 5A is a schematic perspective view of a tool storage unit capable

of identifying tools according to one embodiment of the present disclosure.

[0027] Figure 5B is a schematic perspective view of a tool storage unit capable
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of identifying tools according to another embodiment of the present disclosure.

[0028] Figure 6A is a schematic perspective view of a tool change unit capable

of identifying tools according to one embodiment of the present disclosure.
[0029] Figure 6B is a partial enlarged view of the tool change unit of Figure 6A.

[0030] Figure 6C is a partial perspective view of a tool change unit capable of

identifying tools according to one embodiment of the present disclosure.

[0031] Figure 6D is a partial sectional view of a tool change unit according to

another embodiment of the present disclosure.

[0032] Figure 7A is a schematic sectional view of a top drive unit capable of

identifying tools according to one embodiment of the present disclosure.

[0033] Figure 7B is a schematic sectional view of a top drive unit capable of

identifying tools according to one embodiment of the present disclosure.

[0034] Figure 7C is a schematic section view of the top drive unit of Figure 7B

having a drilling tool attached thereon.

[0035] Figure 8 is a schematic connection diagram of a modular top drive

system according to one embodiment of the present disclosure.

[0036] Figure 9 is a schematic software diagram of a central control system

according to one embodiment of the present disclosure.

[0037] Figures 10A-10B are schematic diagrams of communication between a

passive tool and the central control system.

[0038] Figures 11A-11B are schematic diagrams of communication between an

active tool and the central control system.
[0039] Figure 12A is schematic diagram of an anti-collision procedure.

[0040] Figure 12B is schematic diagram of a torque control procedure.
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[0041] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements disclosed in one embodiment may be

beneficially utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0042] Figure 1 schematically illustrates a modular top drive system 100
according to one embodiment of the present disclosure. The modular top drive
system 100 may include a top drive unit 102, a tool storage unit 104, and a tool
change unit 106. In one embodiment, the modular top drive system 100 may
further include a central control unit 108 connected to at least one of the top drive
unit 102, the tool storage unit 104, or the tool change unit 106. In one embodiment,
the central control unit 108 is connected to all of the top drive unit 102, the tool

storage unit 104, and the tool change unit 106.

[0043] The modular top drive system 100 may be used in on a drilling rig 10 for
a well operation. The top drive unit 102 may be mounted on a derrick 14 on a rig
floor 12. A plurality of tools may be exchangeably attached to the top drive unit 102
to perform various operations. For example, a drilling tool 110 may be attached to
the top drive unit 102 for drilling, a casing tool 112 may be attached to the top drive
unit 102 for installing casing to the wellbore, a cementing tool 114 may be attached
to the top drive unit 102 to perform cementing, and accessories 116 may be used
to perform other operations. The tool storage unit 104 and the tool change unit 106
may be disposed on a deck 20. A plurality of tools, such as the drilling tool 110, the
casing tool 112, the cementing tool 114, and the accessories 116, may be stored in
the tool storage unit 104 when not in use. The tool change unit 106 is configured to
transfer the plurality of tools between the tool storage unit 104 and the top drive unit
102. The plurality of tools may include a universal coupling so that each of the
plurality of tools can be interchangeably connected to the top drive unit 102, stored

in the tool storage unit 104, and handled by the tool change unit 106.

[0044] Even though the drilling tool 110, the casing tool 112, the cementing tool

114, and the accessories 116 are illustrated in Figure 1, the plurality of tools may
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include any suitable tools, such as completion tools, fracturing tools, pumps, sand
screens, clamping tools, internal gripping tools, external gripping tools, adaptors, or

combinations thereof.

[0045] In one embodiment, one or more of the plurality of tools may include an
identification device that may be used to store identify information of the tool. In
one embodiment, the identification device may also be used to store additional

information, such as operational parameters and/or operation history of the tool.

[0046] In one embodiment, at least one of the tool storage unit 104, the top drive
unit 102, and the tool change unit 106 includes a reading device configured to
interact with the tool identification device and retrieve information to identify the

tool.

[0047] In one embodiment, identification of the tools may be transmitted to the
central control unit 108 by the top drive unit 102, the tool storage unit 104 or the
tool change unit 106. The central control unit 108 may use the identification of the
tools to control the operation, for example to control an automatic tool exchange

process.

[0048] The top drive unit 102 may include a coupling unit 120 configured to
selectively connect and operate one or more tools, such as the drilling tool 110, the
casing tool 112, the cementing tool 114. The top drive unit 102 may include a
trolley (not shown) configured to couple the coupling unit 120 to a rail 124 on the
derrick 14. In one embodiment, the top drive unit 102 may include a tool identifying
device 126. The tool identifying device 126 may be configured to interact with the
identification device in each tool connected to the top drive unit 102 or each tool to

be connected to the top drive unit 102.

[0049] The tool storage unit 104 may include a frame 140 and a plurality of tool
receiving slots 142. Each of the tool receiving slots 142 may be configured to
receive a tool. In one embodiment, each tool receiving slots 142 may include a
coupling profile for receiving a tool. The coupling profile in each tool receiving slot

142 may be the same as the coupling profile in the top drive unit 102. In one
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embodiment, the tool storage unit 104 may further include a tool identifying device

144 configured to identify tools disposed in the tool storage unit 104.

[0050] The tool change unit 106 may include a base 160. The base 160 may be
secured to the deck 20 of the drilling rig 10 or adjacent structures. A post 162 may
extend from the base 160. The post 162 may extend vertically from the base 160
to a height above the rig floor 12 such that the tool change unit 106 may retrieve
any of the tools from the tool storage unit 104 and deliver the retrieved tools to the

top drive unit 102 and vice versa.

[0051] The tool change unit 106 further includes a slide hinge 166 connected to
the post 162, and an arm 164 connected to the slide hinge 166. The slide hinge
166 may be connected to the post 162 by a linear actuator that moves the slide
hinge 166 longitudinally along the post 162. The slide hinge 166 may also be
pivotally connected to the linear actuator allowing pivoting of the arm 164 relative to
the post 162. The linear actuator may include an electric slew motor, a hydraulic

slew motor, or an electro-mechanical linear actuator.

[0052] The arm 164 may include an aft-arm 172, a forearm 170, and an
actuated joint 168 connecting the forearm 170 and the aft-arm 172. A tool holder
174 may be releasably connected to the forearm 170. The arm 164 may further
include an arm actuator (not shown) for selectively curling and extending the
forearm 170 and relative to the aft-arm 172. The arm actuator may include a
cylinder and a piston disposed in a bore of the cylinder. Alternatively, the arm
actuator may include an electro-mechanical linear actuator, such as a motor and
lead screw or pinion and gear rod, instead of the piston and cylinder assembly.

Alternatively, the actuated joint may be a telescopic joint instead of an elbow.

[0053] In one embodiment, the tool change unit 106 may include a tool
identifying device 176. The tool identifying device 176 may be disposed near the
tool holder 174 to identify tools engaged by the tool holder 174 or adjacent the tool
holder 174.

[0054] In one embodiment, the modular top drive system 100 may include a
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traditional tool handling equipment, such as a crane, a stabmaster lift, a telescoping
lift, or the likes, in place of the tool change unit 106 to transfer the plurality of tools

between the tool storage unit 104 and the top drive unit 102.

[0055] In one embodiment, the modular top drive system 100 is not equipped
with the tool storage unit 104. One or more tools may be stored in convenient

locations on the rig.

[0056] In one embodiment, the modular top drive system 100 is not equipment
with the tool storage unit 104 and the tool change unit 106. A tool to be installed on
the top drive unit 102 may be transported to the deck using traditional equipment,
such as a manually controlled crane, a stabmaster lift, a telescoping tool, and
secured to the slips on the deck. The top drive unit 102 may then move down
towards the slips to connect with the tool on the slips. To detach a tool from the top
drive unit 102, the top drive unit 102 may move down towards the slips on the deck

to set the tool on the slips and release the tool.

[0057] In one embodiment, the modular top drive system 100 may be configured
to read identification devices of a plurality of tools consistently or periodically so
that identifications and/or locations of the plurality of tools are available all the time
to different units. For example, identification, location, and/or other information of
the plurality of tools may be stored in a database in the central control unit 108.
The database may be updated when the identification devices on the plurality of
tools are read by various readers. In one embodiment, the identification devices on
a tool is read each time the tool enters into the range of one of the reader, such as
the readers in the tool storage unit 104, by the readers in the tool change unit 106,
or by the readers in the top drive unit 102. The location of the tool may be

determined by location of the reader that makes the latest reading of the tool.

[0058] Figure 2A is schematic sectional view of a drilling tool 200 having an
identification device 202. The drilling tool 200 may be used in place of the drilling
tool 110 in the modular top drive system 100. The drilling tool 200 may include a

coupling 204 and a quill 206 extended from the coupling 204.
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[0059] The coupling 204 may include a head 208 having an external profile 210
for latching with the top drive unit 102, the tool storage unit 104, or the tool change
unit 106. In one embodiment, the external profile 210 is a bayonet profile as shown
in Figure 2B. The bayonet profile may have one or more external prongs 210p and
prong-ways 210w spaced around the head 208 at regular intervals. The top drive
unit 102 may include a mating bayonet profile having one or more internal prongs
and prong-ways spaced at regular intervals. When the external prongs 210p of the
head 208 align with internal prongs of the top drive unit 102, the head 208 may be
engaged with the internal prongs of the top drive unit 102. When the external
prongs 210p of the head 208 are aligned with the internal prong-ways of the top
drive unit 102, the head 208 may be free to pass through the top drive unit 102.

[0060] Alternatively, the coupling 204 may be designed to connect with a top
drive unit by other suitable mechanism, such as by a friction structure, such as

slips, by a load bearing head, or by a threaded connection.

[0061] The head 208 may also have one or more locking slots 207. The locking
slots 207 may receive locking pins from a drive unit, such as the top drive unit 102,
during operation so that the drilling tool 200 may be secured attached to the drive
unit to receive torque from the drive unit. The locking slots 207 may be formed in
suitable locations and/or arranged in a pattern to match with a coupler in a drive

unit.

[0062] The coupling 204 further include a neck 212 extending from the head
208. The neck 212 has a reduced diameter relative to a maximum outer diameter
of the head 208 to allow the coupling 204 to extend through the length of the
internal bayonet in the top drive unit 102. The coupling 204 may further include a
lifting shoulder 214 connected to a lower end of the neck 212. The lifting shoulder
214 has an enlarged diameter relative to the reduced diameter of the neck 212. A
torso 216 having a reduced diameter relative to the lifting shoulder 214 may extend
from the lifting shoulder 214. The torso 216 may have a length corresponding to a
length of the tool holder 174 of the tool change unit 106 so that a bottom of the
lifting shoulder 214 may seat on a top of the tool holder 174 for transport between

the tool storage unit 104 to the top drive unit 102.
10
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[0063] The quill 206 may be a shaft having an upper end connected to the torso
216. The quill 206 may have a bore formed therethrough and a threaded coupling,
such as a pin, formed at a lower end thereof. In one embodiment, the drilling tool
200 may further include an internal blowout preventer (IBOP) 218. The IBOP 218
may include an internal sleeve 218v and one or more shutoff valves 218u and
218b. Each shutoff valve 218u, 218b may be actuated.

[0064] In one embodiment, the drilling tool 200 may have one or more hydraulic
passages 220 formed therein. The hydraulic passage 220 may be used to provide
fluid communication between HPU manifold and hydraulic devices, such as

hydraulic swivel or control lines.

[0065] The identification device 202 may be attached to an outer surface of the
drilling tool 200, for example by adhesives. Alternatively, the identification device
202 may be disposed in a recessed space for secure attachment. Alternatively, the
identification device 202 may be embedded inside the drilling tool 200 when the
identification device 202 does not require direct line of sight to interact with a

corresponding identification reader.

[0066] The identification device 202 may be disposed on the lifting shoulder 214
of the drilling tool 200 in Figure 2A. Alternatively, the identification device 202 may
be disposed in any suitable locations on the drilling tool 200. For example, the

identification device 202 may be disposed on the coupling 204.

[0067] The identification device 202 may be a radio frequency identification
device (RFID), such as a RFID tag or a RFID chip. In one embodiment, the RFID
includes preloaded information and data for automatic identification. Preloaded
information and data in the RFID may be read by a RFID reader nearby. The RFID

may be read by a RFID reader without requiring a direct line of sight.

[0068] In one embodiment, the identification device 202 may be a standard
RFID tag with an Electronic Product Code (EPC) printed thereon by a RFID printer.
An EPC code includes a product serial number which may be used to retrieve

detailed information from a database, such as a database in the central control unit

11
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108 of the modular top drive system 100. In another embodiment, the identification
device 202 may be a custom made RFID chip which includes custom data set used
by a special identification process. The RFID chip may be read-only or re-writable.
For example, the RFID chip may include operating history in addition to product

information.

[0069] In one embodiment, the identification device 202 may be a passive RFID
that does not include or is not connected to an electrical power source. The
passive RFID may collect energy from interrogating radio waves from a reader
nearby and act as a passive transponder to send preloaded information and data to
the reader. The identification device 202 of Figure 2A is a passive device without a
power source. Passive identification devices are easy to maintain and may be read
anywhere. Alternatively, the identification device 202 may include a power source,

such as a battery or a connection to an external power source.

[0070] In one embodiment, the drilling tool 200 may include two or more
identification devices 202 positioned at various locations. Two or more
identification devices 202 may be used to prevent blind spots in an identification
reader so that the drilling tool 200 can be identified at any relative positions
between the reader and the drilling tool 200. The two or more identification devices
202 may be disposed at different areas of the drilling tool 200. For example, one or
more identification devices 202 may be disposed on the lifting shoulder 214 and

one or more identification devices may be disposed on the coupling 204.

[0071] Figure 2C is a schematic sectional view of the drilling tool 200 showing
distribution of multiple identification devices 202. In the embodiment of Figure 2C,
the drilling tool 200 includes four identification devices 202 distributed along an
outer surface 2140 of the lifting shoulder 214. In one embodiment, the four
identification devices 202 may be positioned at 90 degrees apart from each other.
This arrangement of identification devices 202 ensures that at least one of the
identification devices 202 is within a range of a reader regardless of the orientation

of the drilling tool 200 relative to a central axis 201.
[0072] Figure 2D is schematic sectional view of a casing tool 240 according to

12
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one embodiment of the present disclosure. The casing tool 240 may be used in
place of the casing tool 112 in the modular top drive system 100. The casing tool
240 includes a coupling 242, a spear 244, and a fill up tool 246. The coupling 242
is similar to the coupling 204 of the drilling tool 200. The coupling 242 allows the
casing tool 240 to selectively attach to the top drive unit 102, store in the tool
storage unit 104, and to be handled by the tool change unit 106. The coupling 242
includes one or more identification devices 202 so that the casing tool 240 can be
identified by the top drive unit 102, the tool storage unit 104, and/or the tool change
unit 1086.

[0073] In one embodiment, the coupling 242 includes an adapter 248 extending
from the torso 216 for connection with the spear 244. The adapter 248 may have a
bore formed therethrough. In one embodiment, the adapter 248 may include an

outer thread and an inner receptacle formed at a lower end thereof.

[0074] The spear 244 may include a linear actuator 250, a bumper 252, a collar
254, a mandrel 256, a set of grippers, such as slips 258, a seal joint 260, and a
sleeve 262. The collar 254 may have an inner thread formed at each longitudinal
end thereof. The collar upper thread may be engaged with the outer thread of the
adapter 248, thereby connecting the coupling 242 and the spear 244. The collar
lower thread may be engaged with an outer thread formed at an upper end of the
mandrel 256 and the mandrel may have an outer flange formed adjacent to the
upper thread and engaged with a bottom of the collar 254, thereby connecting the
mandrel 256 and the collar 254.

[0075] The seal joint 260 may include the inner barrel, an outer barrel, and a
nut. The inner barrel may have an outer thread engaged with a threaded portion of
the shaft receptacle and an outer portion carrying a seal engaged with a seal bore
portion of the shaft receptacle. The mandrel 256 may have a bore formed
therethrough and an inner receptacle formed at an upper portion thereof and in
communication with the bore. The mandrel receptacle may have an upper conical
portion, a threaded mid portion, and a recessed lower portion. The outer barrel
may be disposed in the recessed portion of the mandrel 256 and trapped therein by

engagement of an outer thread of the nut with the threaded mid portion of the

13



CA 02995386 2018-02-09

WO 2017/027656 PCT/US2016/046458

mandrel receptacle. The outer barrel may have a seal bore formed therethrough
and a lower portion of the inner barrel may be disposed therein and carry a stab

seal engaged therewith.

[0076] The linear actuator 250 may include a housing, an upper flange, a
plurality of piston and cylinder assemblies, and a lower flange. The housing may
be cylindrical, may enclose the cylinders of the assemblies, and may be connected
to the upper flange, such as by fastening. The collar 254 may also have an outer
thread formed at the upper end thereof. The upper flange may have an inner
thread engaged with the outer collar thread, thereby connecting the two members.
Each flange may have a pair of lugs for each piston and cylinder assembly
connected, such as by fastening or welding, thereto and extending from opposed

surfaces thereof.

[0077] Each cylinder of the linear actuator 250 may have a coupling, such as a
hinge knuckle, formed at an upper end thereof. The upper hinge knuckle of each
cylinder may be received by a respective pair of lugs of the upper flange and
pivotally connected thereto, such as by fastening. Each piston of the linear
actuator 250 may have a coupling, such as a hinge knuckle, formed at a lower end
thereof. Each piston of the linear actuator 250 may be disposed in a bore of the
respective cylinder. The piston may divide the cylinder bore into a raising chamber
and a lowering chamber and the cylinder may have ports formed through a wall

thereof and each port may be in fluid communication with a respective chamber.

[0078] The sleeve 262 may have an outer shoulder formed in an upper end
thereof trapped between upper and lower retainers. A washer may have an inner
shoulder formed in a lower end thereof engaged with a bottom of the lower retainer.
The washer may be connected to the lower flange, such as by fastening, thereby
longitudinally connecting the sleeve 262 to the linear actuator 250. The sleeve 262
may also have one or more (pair shown) slots formed through a wall thereof at an
upper portion thereof. The bumper 252 may be connected to the mandrel, such as
by one or more threaded fasteners, each fastener extending through a hole thereof,
through a respective slot of the sleeve 262, and into a respective threaded socket

formed in an outer surface of the mandrel 256, thereby also torsionally connecting
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the sleeve to the mandrel while allowing limited longitudinal movement of the
sleeve relative to the mandrel to accommodate operation of the slips 258. A lower
portion of the spear 244 may be stabbed into a casing joint until the bumper 252

engages a top of the casing joint.

[0079] The sleeve 262 may extend along the outer surface of the mandrel from
the lower flange of the linear actuator 250 to the slips 258. A lower end of the
sleeve 262 may be connected to upper portions of each of the slips 258, such as by
a flanged (i.e., T-flange and T-slot) connection. Each slip 258 may be radially
movable between an extended position and a retracted position by longitudinal
movement of the sleeve 262 relative to the slips. A slip receptacle may be formed
in an outer surface of the mandrel 256 for receiving the slips 258. The slip
receptacle may include a pocket for each slip 258, each pocket receiving a lower
portion of the respective slip. The mandrel 256 may be connected to lower portions
of the slips 258 by reception thereof in the pockets. Each slip pocket may have one
or more inclined surfaces formed in the outer surface of the mandrel 256 for
extension of the respective slip. A lower portion of each slip 258 may have one or

more inclined inner surfaces corresponding to the inclined slip pocket surfaces.

[0080] Downward movement of the sleeve 262 toward the slips 258 may push
the slips along the inclined surfaces, thereby wedging the slips toward the extended
position. The lower portion of each slip 258 may also have a guide profile, such as
tabs, extending from sides thereof. Each slip pocket may also have a mating guide
profile, such as grooves, for retracting the slips 258 when the sleeve 262 moves
upward away from the slips. Each slip 258 may have teeth formed along an outer

surface thereof.

[0081] The fill up tool 246 may include a flow tube, a stab seal, such as a cup
seal, a release valve, and a mud saver valve. The cup seal may have an outer
diameter slightly greater than an inner diameter of the casing joint to engage the
inner surface thereof during stabbing of the spear 244 therein. The cup seal may
be directional and oriented such that pressure in the casing bore energizes the seal
into engagement with the casing joint inner surface. An upper end of the flow tube

may be connected to a lower end of the mandrel 256, such as by threaded
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couplings. The mud saver valve may be connected to a lower end of the flow tube,
such as by threaded couplings. The cup seal and release valve may be disposed
along the flow tube and trapped between a bottom of the mandrel and a top of the

mudsaver valve.

[0082] The spear 244 may be capable of supporting weight of a casing string.
During operation, the string weight may be transferred to the top drive unit 102 via
the slips 258, the mandrel 256, the collar 254, the adapter 248, and the coupling
242. Fluid may be injected into the casing string attached to the casing tool 240 via
the coupling 242, the adapter 248, the seal joint 260, the mandrel 256, the flow
tube, and the mud saver valve. The spear 244 may thus have a load path
separated from a flow path at the interface between the adapter 248 and the collar
254 and at the interface between the collar and the mandrel 256. This separation
allows for more robust connections between the adapter 248 and the collar 254 and
between the collar and the mandrel 256 than if the connections therebetween had

to serve both load and isolation functions.

[0083] Figure 2E is schematic sectional view of a cementing tool 270 according
to one embodiment of the present disclosure. The cementing tool 270 may be
used in place of the cementing tool 114 in the modular top drive system 100. The
cementing tool 270 may include a coupling 272 and a cementing head 274. The
coupling 272 is similar to the coupling 204 of the drilling tool 200. The coupling 272
allows the cementing tool 270 to selectively attach to the top drive unit 102, store in
the tool storage unit 104, and to be handled by the tool change unit 106. The
coupling 272 includes one or more identification devices 202 so that the cementing
tool 270 can be identified by the top drive unit 102, the tool storage unit 104, and/or
the tool change unit 106. In one embodiment, the coupling 272 includes a quill 275

extending from the torso 216 for connection with the cementing head 274.

[0084] The cementing head 274 may include a cementing swivel 276, a
launcher 278, and a release plug, such as a dart 280. The cementing swivel 276
may include a bar 282 for connecting with a drive body. The cementing swivel 276
may further include a mandrel and bearings for supporting the housing from the

mandrel while accommodating rotation of the mandrel. An upper end of the
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mandrel may be connected to a lower end of the quill 275, such as by threaded
couplings. The cementing swivel 276 may further include an inlet formed through a
wall of the housing and in fluid communication with a port formed through the
mandrel and a seal assembly for isolating the inlet-port communication. The
mandrel port may provide fluid communication between a bore of the cementing

head 274 and the housing inlet.

[0085] The launcher 278 may include a body, a deflector, a canister, a gate, the
actuator, and an adapter. The body may be tubular and may have a bore
therethrough. An upper end of the body may be connected to a lower end of the
cementing swivel 276, such as by threaded couplings, and a lower end of the body
may be connected to the adapter, such as by threaded couplings. The canister and
deflector may each be disposed in the body bore. The deflector may be connected
to the cementing swivel mandrel, such as by threaded couplings. The canister may
be longitudinally movable relative to the body. The canister may be tubular and
have ribs formed along and around an outer surface thereof. Bypass passages
(only one shown) may be formed between the ribs. The canister may further have
a landing shoulder formed in a lower end thereof for receipt by a landing shoulder
of the adapter. The deflector may be operable to divert fluid received from a
cement line away from a bore of the canister and toward the bypass passages.
The adapter may have a threaded coupling, such as a threaded pin, formed at a

lower end thereof for connection to a work string.

[0086] The dart 280 may be disposed in the canister bore. The dart 280 may be
made from one or more drillable materials and include a finned seal and mandrel.
The mandrel may be made from a metal or alloy and may have a landing shoulder
and carry a landing seal for engagement with the seat and seal bore of a wiper plug

(not shown) of the work string.

[0087] The gate of the launcher 278 may include a housing, a plunger, and a
shaft. The housing may be connected to a respective lug formed in an outer
surface of the body, such as by threaded couplings. The plunger may be radially
movable relative to the body between a capture position and a release position.

The plunger may be moved between the positions by a linkage, such as a
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jackscrew, with the shaft. The shaft may be connected to and rotatable relative to
the housing. The actuator may be a hydraulic motor operable to rotate the shaft
relative to the housing. The actuator may include a reservoir (not shown) for
receiving the spent hydraulic fluid or the cementing head 274 may include a second
actuator swivel and hydraulic conduit (not shown) for returning the spent hydraulic
fluid to a HPU.

[0088] Figure 3A is schematic sectional view of a drilling tool 300 according to
one embodiment of the present disclosure. The drilling tool 300 is similar to the
drilling tool 200 except that the drilling tool 300 includes one or more identification
labels 302 attached thereon. Each identification label 302 may include barcode
and/or text containing identity information of the drilling tool 300. In one
embodiment, each identification label 302 may include linear barcodes. In another
embodiment, each identification label 302 may include matrix barcodes. The
identification labels 302 are passive at all times producing no interference to other

identification devices on the same tool or identification devices on tools nearby.

[0089] The identification label 302 may include identity information of the drilling
tool 300 in the form of a product code, a product model, and/or a product name. In
one embodiment, detailed information, such as operating parameters and operating
history, may be stored in a data storage unit in a controller, such as the central
control unit 108 in Figure 1. The detailed information of the drilling tool 300 may be
retrieved from the data storage unit once the identity information is abstracted from

the identification label 302 by a reader.

[0090] The identification label 302 may be read by a barcode reader, such as a
linear barcode reader or a matrix barcode reader, a camera, a camera with optical
character recognition (OCR) software, or any suitable optical readers. The
identification label 302 may be read when positioned in direct line of sight of a
reader. In one embodiment, the drilling tool 300 may include a plurality of
identification labels 302 attached to various locations on exterior of the drilling tool
300. The plurality of identification labels 302 may be positioned to allow the drilling
tool 300 be identified regardless of the position and orientation. In one

embodiment, a plurality of identification labels 302 may be attached to an outer
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surface 304 of the lifting shoulder 214. In one embodiment, the plurality of
identification labels 302 may be positioned at equal intervals on the outer surface
304. For example, four identification labels 302 may be attached at 90 degrees
interval on the outer surface 304. In one embodiment, a plurality of identification
labels 302 may be attached the coupling 204. In one embodiment, the plurality of

identification labels 302 may be positioned at equal intervals on the coupling 204.

[0091] Figure 3B is schematic sectional view of a casing tool 340 according to
one embodiment of the present disclosure. The casing tool 340 is similar to the
casing tool 240 except that the casing tool 340 includes one or more identification
labels 302 attached thereon. As discussed with the drilling tool 300, each
identification label 302 may include barcode (linear barcode and/or matrix barcode)
and/or text containing identity information. In one embodiment, the casing tool 340
may include a plurality of identification labels 302 attached to various locations on
exterior of the casing tool 340. The plurality of identification labels 302 may be
positioned to allow the casing tool 340 be identified regardless of the position and
orientation. In one embodiment, the plurality of identification labels 302 may be
attached to an outer surface 304 of the lifting shoulder 214. In one embodiment,
the plurality of identification labels 302 may be positioned at equal intervals on the
outer surface 304. For example, four identification labels 302 may be attached at

90 degrees interval on the outer surface 304.

[0092] Figure 3C is schematic sectional view of a cementing tool 370 according
to one embodiment of the present disclosure. The cementing tool 370 is similar to
the cementing tool 270 except that the cementing tool 370 includes one or more
identification labels 302 attached thereon. As discussed with the drilling tool 300,
each identification label 302 may include linear barcode, matrix barcode and/or text
containing identity information. In one embodiment, the cementing tool 370 may
include a plurality of identification labels 302 attached to various locations on
exterior of the cementing tool 370. The plurality of identification labels 302 may be
positioned to allow the cementing tool 370 be identified regardless of the position
and orientation. In one embodiment, the plurality of identification labels 302 may

be attached to an outer surface 304 of the lifting shoulder 214. In one embodiment,
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the plurality of identification labels 302 may be positioned at equal intervals on the
outer surface 304. For example, four identification labels 302 may be attached at

90 degrees interval on the outer surface 304.

[0093] Figure 4A is schematic sectional view of a drilling tool 400 according to
one embodiment of the present disclosure. The drilling tool 400 is similar to the
drilling tool 200 except that the drilling tool 400 includes an active identification
device 402. The active identification device 402 may actively transmit identification
information to other units, such as the top drive unit 102, the tool storage unit 104,

and the tool change unit 106.

[0094] The active identification device 402 may include a microcontroller using
logic device. Alternatively, the active identification device 402 may include an
industrial PC. The active identification device 402 may include a data storage unit.
In one embodiment, the active identification device 402 may include a wireless
transmitter configured to send information of the drilling tool 400 by wireless
communications. The active identification device 402 does not require direct line of
sight with a reader, therefore, may be positioned at any suitable location on the
drilling tool 400. Alternatively, the active identification device 402 may be activated,

read and/or re-written by wired communications.

[0095] In one embodiment, the active identification device 402 may include a
power supply, such as a battery unit. Alternatively, the active identification device
402 may include electrical circuits for receiving external power. As shown in Figure
4A, the drilling tool 400 may include one or more conductive pads 406 formed on
an exterior surface. Each conductive pad 406 may be connected to the active
identification device 402 by a wire 404. The one or more conductive pads 406 may
be configured to form electrical connection with an external power supply, for
example, a power output on the top drive unit 102, the tool storage unit 104, and
the tool change unit 106. In another embodiment, wireless power transfer may be
used to power the active identification device 402. Alternatively, the active
identification device 402 may include an internal power source. For example, the
active identification device 402 may include a power generator, such as a hydraulic

generator that generates electrical power by hydraulics. In another embodiment,
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some of one or more conductive pads 406 may be adapted to connect with an
interface on an external unit, such as the top drive unit 102, the tool storage unit
104, and the tool change unit 106, to transmit signals between the active

identification device 402 and the external unit.

[0096] In one embodiment, the one or more conductive pads 406 may be
positioned on external surfaces of the coupling 204 so that the active identification
device 402 may be activated by the top drive unit 102, the tool storage unit 104, or
the tool change unit 106 during operation. In one embodiment, the one or more
conductive pads 406 and the wire 404 may be electrically insulated from the

coupling 204.

[0097] Figure 4B is schematic sectional view of a casing tool 440 according to
one embodiment of the present disclosure. The casing tool 440 is similar to the
casing tool 240 except that the casing tool 440 includes an active identification
device 402. As discussed with the drilling tool 400, the active identification device
402 may include a microcontroller, and a data storage unit. In one embodiment,
the active identification device may include a transmitter, such as a transmitter for
wireless communications. The active identification device 402 may include a
battery unit or may be powered by external power source through the conductive
pad 406 and the wire 404.

[0098] Figure 4C is schematic sectional view of a cementing tool 470 according
to one embodiment of the present disclosure. The cementing tool 470 is similar to
the cementing tool 270 except that the cementing tool 470 includes an active
identification device 402. As discussed with the drilling tool 400, the active
identification device 402 may include a microcontroller, and a data storage unit. In
one embodiment, the active identification device 402 may include a transmitter for
wireless transmission. The active identification device 402 may include a battery
unit or may be powered by external power source through the conductive pad 406
and the wire 404.

[0099] The tools discussed above may be used in a top drive system capable of

reading the identification devices in or on the tools. For example, the tools may be
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used in the modular top drive system 100, where at least one of the top drive unit
102, the tool storage unit 104, and the tool change unit 106 is capable of reading
the identification devices. By using tools with identification devices, the modular

top drive system 100 is capable of performing automatic tool exchange.

[0101] In one embodiment, tool identification may be performed by the tool
storage unit 104. The tool storage unit 104 may perform tool identification routinely
or upon receiving a trigger and send information of identity and location of the tools
to the central control unit 108. The central control unit 108 may share identification
and location of the tools with other units, such as the tool change unit 106 and the
top drive unit 102, in the modular top drive system 100. Exemplary tool storage

units capable of identifying tools are described below.

[0102] Figure 5A is a schematic perspective view of the tool storage unit 104
according to one embodiment of the present disclosure. The tool storage unit 104
is capable of identifying tools, such as the drilling tools 200, 300, 400, the casing
tools 240, 340, 440, and the cementing tools 270, 370, 470 described above.

[0103] The tool storage unit 104 may include a base 502, a beam 506, two or
more (three shown) columns 504 connecting the base to the beam 506, such as by
welding or fastening, and one or more parking spots 508 for tools, such as the
drilling tools 200, 300, 400, casing tools 240, 340, 440, and cementing tools 270,
370, 470. Four parking spots 508 are shown in Figure 5A. However, the tool
storage unit 104 may include any suitable number of parking spots 508 according
to needs. Tools, the drilling tool 200, the casing tool 240, and the cementing tools
270, may be hung from the beam 506 by engagement of the parking spots 508 with
respective couplings 204 of the tools. Each parking spot 508 may include an
opening formed through the beam 506, a ring gear 510, and a motor 512. Each
ring gear 510 may be supported from and transversely connected to the beam 506
by a bearing (not shown) such that the ring gear 510 may rotate relative to the
beam 506. Each bearing may be capable supporting the weight of any of the tools
and placement of a particular tool in a particular parking spot 508 may be arbitrary.
Each ring gear 510 may have an internal latch profile, such as a bayonet profile, to

latch with the bayonet profile in the coupling 204, 242, 272 of each tool.
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[0104] The tool storage unit 104 may further include a side bar 514 for holding
one or more accessories, such as a cargo hook 516 and a pipe clamp 518. The

side bar 514 may also hold a tool holder 520 used by the tool change unit 106.

[0105] In one embodiment, the tool storage unit 104 may include a tool
identifying unit 522. The tool identifying unit 522 may include a plurality of readers
524 disposed on a frame 526. Each of the plurality of readers 524 may be
positioned to read identification devices on tools disposed on a corresponding
parking spot 508. In one embodiment, each reader 524 may include a RFID reader
having two-way radio transmitter-receiver for reading RFIDs. When a tool is
disposed on a corresponding parking spot 508, the reader 524 may send a signal
to the RFID devices on the tool and read responses from the RFID devices. In one
embodiment, the reader 524 may be a barcode reader, such as a linear barcode
reader or a matrix barcode reader, configured to read barcodes on an identification
tag of a tool. In another embodiment, the reader 524 may be a camera positioned
at a direct line of sight with an identification label on a tool loaded in the
corresponding parking spot 508. The camera may capture an image of a portion of
the tool with an identification tag. In one embodiment, the reader 524 may include
an optical sensor configured to detect presence or non-presence of a tool in the
corresponding parking spot 508. The optical sensor may be used to trigger the

reader 524 to initiate an identifying process.

[0106] Alternatively, the tool storage unit 104 may include one or more
connection pads 528. In one embodiment, the one or more connection pads 528
may be connected to a power source to supply electrical power to active
identification devices on tools disposed in the parking spot 508. In another
embodiment, the one or more connection pads 528 may be connected to an
input/output interface of a controller to exchange signals with identification devices
in tools disposed in the parking spot 508. In one embodiment, one or more
connection pads 528 may be formed on the ring gear 510 in each parking spot 508.
When a tool is stored in a parking spot 508, the one or more connection pads 528
are in contact with the tool. The ring gear 510 may rotate so that the one or more

connection pads 528 connect with a conductive pad, such as conductive pads 406
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in the drilling tool 400, the casing tool 440, or the cementing tool 470.

[0107] In one embodiment, the plurality of readers 524 may be connected to a
control system, such as the central control unit 108, by wired or wireless
communication. By receiving information from the plurality of readers 524, the

control system knows which tool is in which location.

[0108] The tool storage unit 104 may perform tool identification routinely or
automatically triggered by certain events, such as tool loading, tool unloading, or
when an external tool handler, such as the tool change unit 106, needs to pick up a
particular tool. For example, when a tool is loaded to a parking spot 508, the
corresponding reader 524 retrieves identify information of the tool and sends the
tool identification to a controller to update the inventory of the tool storage unit 104.
In the embodiment where the reader 524 includes a RFID reader, the RFID reader
may transmit query signals and detect response signal from the RFID on the tool.
The RFID reader interprets the response signal to abstract information of the tool,
such as identity information. The RFID reader may then send the identification
information to the control system. In the embodiment, where the reader 524
includes a barcode reader, such as a linear barcode reader or a matrix barcode
reader, the reader 524 detects and reads the barcode, and sends the barcode to
the control system. In the embodiment wherein the reader 524 includes a camera,
the camera captures an image of an identification tag, and sends the image to a

computer where texts and/or barcode in the image can be recognized.

[0109] Figure 5B is a schematic perspective view of a tool storage unit 104’
according to another embodiment of the present disclosure. The tool storage unit
104’ is similar to the tool storage unit 104 except that the tool storage unit 104’
includes a carousel 530 for supporting tools. The carousel 530 may include a lower
turntable 532, an upper disk 534, and a shaft 536 connecting the lower turntable
532 and the upper disk 534. The lower turntable 532 may be driven by a motor
(not shown). A plurality of parking spots 540 may be formed at an outer perimeter
of the upper disk 534 for receiving tools. Particularly, each parking spot 540 may
include a notch for receiving support tools 200, 240, 270 at the respective

couplings 204, 242, 272. The carousel 530 may allow maintenance/initial loading
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on one side while deployment of a tool on another side. Alternatively, the lower
turntable 532 may be a fixed base and the upper disk 534 may be a turntable

instead.

[0110] The tool storage unit 104’ includes one or more readers 524 positioned to
identify tools disposed in the plurality of parking spots 540. In one embodiment, a
plurality of readers 524 may be attached to the shaft 536, each reader 524
corresponds to a parking spot 540. Alternatively, the tool storage unit 104’ may
include one reader 524 fixedly positioned adjacent to an identifying position. The
rotation of the upper disk 534 allows the tools in every parking spot 540 to align

with the reader 524 during identification.

[0111] Alternatively, the tool storage unit 104’ may include one or more
connection pads 528 at each parking spot 540 where a tool contacts the parking
spot 540. The one or more connection pads 528 may be connected to a power
source to supply electrical power to active identification devices or connected to an
input/output interface of a controller to exchange signals with identification devices.
In one embodiment, the active identification devices may be powered by wireless
power transfer. In another embodiment, the active identification devices may

include an internal power source, such as a power generator or a battery unit.

[0112] In another embodiment, tool identification may be performed by the tool
change unit 106. For example, the tool change unit 106 may perform tool
identification while picking up a tool from the tool storage unit 104 before rig up.

Exemplary tool change units capable of identifying tools are described below.

[0113] Figure 6A is a schematic perspective partial view of the tool change unit 106
having a reader 602 according to one embodiment of the present disclosure.
Similar to the reader 524, the reader 602 may be capable of reading RFIDs,
barcodes, such as linear barcodes and matrix barcodes, and/or capturing images of
texts on identity tags for recognition. In one embodiment, the reader 602 may
include an RFID reader. In another embodiment, the reader 602 may include a
barcode reader, such as a linear barcode reader or a matrix barcode reader. In

another embodiment, the reader 602 may include a camera. The reader 602 may
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be connected to a controller, such as the central control unit 108, where the

identification of the tool may be processed.

[0114] In one embodiment, the reader 602 may be attached to the tool holder 174
of the tool change unit 106. Figure 6B is a partial enlarged view of the tool holder
174 where the reader 602 is attached to an upper surface of the tool holder 174.
When the tool holder 174 approaches a tool, the reader 602 is within a range to
read an RFID on the tool or in a directly line of sight of an identification tag on the

tool.

[0115] Figure 6C is a partial perspective view of a tool change unit 106’
according to one embodiment of the present disclosure. The tool change unit 106’
is similar to the tool change unit 106 except that the tool change unit 106’ includes
a reader 606 attached to the forearm 170 by a bracket 604.

[0116] Figure 6D is a partial sectional view of a tool change unit 106” according
to another embodiment of the present disclosure. The tool change unit 106”
includes one or more connection pads 608 formed on the tool holder 174. In one
embodiment, the one or more connection pads 608 may be connected to a power
source to supply electrical power to active identification devices or connected to an
input/output interface of a controller to exchange signals with identification devices.
The one or more connection pads 608 may be positioned to establish physical
contact with a tool with active identification devices, such as the drilling tool 400.
Alternatively, signal and/or power communication with the identification devices
may be established by wireless communication. The one or more connection pads
608 may contact the conductive pad 406 of the drilling tool to power up or establish

wired connection with the active identification device 402.

[0117] The modular top drive system 100 may use the tool change unit 106,
106’ or 106” to identify a tool during rig-up. When it is time to rig up a tool to the
top drive unit 102, the central control unit 108 may command the tool change unit
106, 106’, 106” to move towards the tool storage unit 104 to identify and pick up

the correct tool.
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[0118] The tool change unit 106 may move the reader 602, 604 close to a tool in
the tool storage unit 104 to retrieve identification information of the tool. In case the
identification device in the tool is a passive device, such as an RFID, linear
barcodes, matrix barcodes, or texts, the reader 602 may read the identification
device before gripping the tool. In one embodiment, the reader 602 may send the
identification information to the central control unit 108. If the central control unit
108 confirms the tool to be the correct one, the tool change unit 106, 106°, 106”
moves forward to grip the tool from the tool storage unit 104 and transfer the tool to
the top drive unit 102 for installation. However, if the central control unit 108
determines that the tool is not the correct one, the tool change unit 106, 106’, 106”
moves to the next tool in the tool storage unit 104 until the correct tool is located.
Alternatively, the identification may be performed in the tool change unit 106, 106’,
106" directly, and the tool change unit 106, 106’, 106" will pick up the tool once the

correct tool is identified.

[0119] In case the tool in the tool storage unit 104 has an active identification
device, such as a micro-controller, the tool change unit 106" moves to grip the tool
to power up the active identification device. Alternatively, the active identification
device may be powered with the tool storage unit 104. Once powered up, the active
identification device can transfer the identification information to the tool change
unit 106”. Upon identification, if the tool is the correct tool, the tool change unit
106" transfers the tool to the top drive unit 102. If the tool is not the correct tool,
the tool change unit 106” returns the tool back to the tool storage unit 104 and

moves to the next tool.

[0120] In another embodiment, tool identification may be performed in the top
drive unit 102. Figure 7A is a schematic sectional view of the top drive unit 102

capable of identifying tools according to one embodiment of the present disclosure.

[0121] The top drive unit 102 may be a motor unit having one or more drive
motors 702. Stator of the one or more drive motors 702 may be connected to a
drive body and rotors of the one or more drive motors 702 may be torsionally
connected to a drive ring 712. The drive ring 712 may have a latch profile for

selectively connecting one of: a drilling tool, a casing tool, a cementing tool, a
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completion tool, a fracturing tool, a pump, a sand screen, a clamping tool, an
internal gripping tool, an external gripping tool, an adaptor, and a combination
thereof to the motor unit. The top drive unit 102 may also include a becket 704, a
hose nipple 706, a mud swivel 708, a thread compensator 714, a swivel 716, a
down thrust bearing 718, an up thrust bearing 720, a swivel frame 722, a bearing

retainer 724.

[0122] The drive body 710 may be connected to the rail 124 by a trolley. For
example, a trolley may be fastened to a back of the drive body 710. The trolley
may be transversely connected to a front of the rail 124 and may ride along the rail,
thereby torsionally restraining the drive body 710 while allowing vertical movement

of the top drive unit 102.

[0123] The drive body 710 may be rectangular and have thrust chambers
formed therein. In one embodiment, the drive body 710 may have an inner rib
dividing the thrust chambers. The drive body 710 may have a central opening

formed therethrough and in communication with the chambers.

[0124] The drive ring 712 may be movable disposed in the drive body 710. The
thrust bearings 718, 720 are disposed between the drive ring 712 and the drive
body 710 allowing the drive ring 712 to rotate relative to the drive body 710.

[0125] The drive ring 712 may have an inner locking profile 726 formed at an
upper end thereof and an inner latching profile 728 formed adjacently below the
inner locking profile 726. In one embodiment, the inner latching profile 728 may be
a bayonet profile matching the external profile 210 of the coupling 204 in the tools

discussed above.

[0126] Each thrust bearing 718, 720 may include a shaft washer, a housing
washer, a cage, and a plurality of rollers extending through respective openings
formed in the cage. The shaft washer of the down thrust bearing 718 may be
connected to the drive ring 712 adjacent to a bottom of the flange thereof. The
housing washer of the down thrust bearing 718 may be connected to the drive body

710 adjacent to a top of the rib thereof. The cage and rollers of the down thrust
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bearing 718 may be trapped between the washers thereof, thereby supporting
rotation of the drive ring 712 relative to the drive body 710. The down thrust
bearing 718 may be capable of sustaining weight of either a drill string or a casing
string during rotation thereof. The shaft washer of the up thrust bearing 720 may
be connected to the drive ring 712 adjacent to the bearing retainer 724. The
housing washer of the up thrust bearing 720 may be connected to the drive body
710 adjacent to a bottom of the rib thereof. The cage and rollers of the up thrust
bearing 720 may be trapped between the washers thereof. The bearing retainer
724 may have an inner thread engaged with the outer thread of the drive ring 712,

thereby connecting the down thrust bearing 718 to the drive ring 712.

[0127] The drive motors 702 may be electric (shown) or hydraulic (not shown)
and have a rotor and a stator. The motors 702 may be operable to rotate the rotor
relative to the stator which may also torsionally drive the drive ring 712 via gears.
Alternatively, the top drive unit 102 may instead be a direct drive unit having the

drive motor 702 centrally located.

[0128] The hose nipple 706 may be connected to the mud swivel 708 and
receive an end of a mud hose to deliver drilling fluid. The mud swivel 708 may be
connected to a top of the swivel frame 722, such as by fastening. The swivel frame

722 may be connected to a top of the drive body 710, such as by fastening.

[0129] The hydraulic swivel 716 is configured to provide hydraulic connections
to the tools attached to the top drive unit 102. The hydraulic swivel 716 may include
a non-rotating inner barrel and a rotating outer barrel. The inner barrel may be
connected to the swivel frame 722 and the outer barrel may be supported from the
inner barrel by one or more bearings. The outer barrel may have hydraulic ports
(six shown) formed through a wall thereof, each port in fluid communication with a
respective hydraulic passage formed through the inner barrel (only two passages
shown). Alternatively, the top drive unit 102 may include a universal coupler to lock
a tool to the drive ring 712 and/or to provide electrical and/or hydraulic connections

to the tool.
[0130] The thread compensator 714 may include a linear actuator 730, a locking
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ring 732, and one or more (such as three, but only one shown) locking pins 734.
The locking ring 732 may include a locking head 733 extending into the locking
profile 726 of the drive ring 712. The linear actuator 730 may move the locking ring
732 vertically so that the locking head 733 moves vertically in the drive ring 712. In
one embodiment, the locking head 733 may have a profile that allows the locking
head 733 mate with the external prongs 210p of the coupling 204 of the tools
discussed above. The locking pins 734 may be pistons. In one embodiment, when
the locking head 733 mates with the external prongs 210p of the coupling 204, the
locking pins 734 may align with the locking slots 207 of the coupling 204 and

extend therein to secure the locking ring 732 to the coupling 204.

[0131] The top drive unit 102 may include an identification reader 738
configured to read identification tools approaching the top drive unit 102. In one
embodiment, the identification reader 738 may be attached to the drive body 710
by a bracket 736. In one embodiment, two or more identification readers 738 may
be mounted at various locations to make sure at least one identification reader 738
has a direct line of sight or is within the range of the identification devices of the
tool. In one embodiment, the one or more identification reader 738 may be
disposed on the top drive unit 102 along the path of a tool while the tool is being
installed. For example, one or more identification reader 738 may be disposed on
the drive ring 712 and/or the locking ring 732. In another embodiment, the at least
one identification reader 738 may be disposed on a location to read the
identification devices on a tool when the tool is installed on the top drive unit 102. In
another embodiment, the bracket 736 may be movable relative to the drive body
710 to align with identification devices on the tool. In another embodiment, one or
more identification readers 738 may be mounted on a rotating part of the top drive
unit 102, such as on the drive ring 712. The top drive unit 102 may rotate the drive
ring 712 with one or more identification readers 738 attached thereon to align the

one or more identification readers 738 with the identification devices on the tool.

[0132] The identification reader 738 may query identification devices on a tool
when the tool is raised towards the top drive unit 102, for example, by the tool

change unit 106. In one embodiment, the identification reader 738 may be similar
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to the readers 524, 602 described above. The identification reader 738 may be a

RFID reader, a barcode reader, or a camera.

[0133] In case when the tool change unit 106 or the tool storage unit 104 does
not or could not check the identification of the tool, the identification reader 738 on
the top drive unit 102 may be used to check the identification of the tool to make

sure the correct tool is being rigged up.

[0134] During operation, a tool handler, such as the tool change unit 106 may
raise a tool, such as the drilling tool 200, until the tool is adjacent the reader 738
below the bottom of the drive ring 712 so that the reader 738 can read the
identification devices on the tool. After obtaining the identification information of the
tool, the reader 738 may determine locally or send to the central control unit 108 to
determine if the tool is the correct one. If the tool is not correct, the central control
unit 108 may command the tool handler to retrieve another tool until the correct tool

is identified.

[0135] Once the correct tool is identified, the drive motors 702 may then be
operated to rotate the drive ring 712 until the latching profile 728 of the drive ring
712 aligns with the external prongs of the head 208. The drive ring 712 may have
visible alignment features, such as cameras, for alignment. Once aligned and
oriented, the tool change unit 106 may be raised to lift the coupling 204 of the
drilling tool 200 into the drive ring 712 until the head 208 passes the latching profile
728 and enters the locking profile 726 thereof. The locking ring 732 may be in a
lower position, such as the hoisting position, such that the top of the head 208
contacts the locking ring 732 and pushes the lock ring upward. Proximity sensor
(not shown) may be used to determine alignment of the head 208 with the locking
profile 726 by measuring the vertical displacement of the locking ring 732. Once
alignment has been achieved, the compensator actuator 730 may be operated to
move the locking ring 732 to the ready position. The drive motors 702 may then be
operated to rotate the drive ring 712 until sides of the external prongs of the head
208 engage respective stop lugs of the locking profile 726, thereby aligning the
external prongs of the head 208. The compensator actuator 730 may then be

operated to move the locking ring 732 to the hoisting position, thereby moving the
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locking head 733 into the external prong-ways of the head 208 and aligning the
locking pins 734 with the respective locking slots 207. Movement of the locking
ring 732 may also make hydraulic junction between the drilling tool 200 and the top
drive unit 102. The drilling tool 200 is now longitudinally and torsionally connected

to the drive ring 712.

[0136] Figure 7B is a schematic sectional view of a top drive unit 102’ according
to one embodiment of the present disclosure. The top drive unit 102’ is similar to
the top drive unit 102 except that the top drive unit 102" includes one or more
connection pads 740 configured to provide electrical power and/or wired connection
to identification devices, such as active identification devices, in tools. Each
connection pad 740 may be coupled to a connection 742. The connection 742 may
be coupled to a power source or an input/output interface of a controller, such as
the central control unit 108. The one or more connection pads 740 may be formed
on a surface of the drive ring 712 that contacts the tool during operation and/or
alignment. In one embodiment, the one or more connection pads 740 may be
formed on the inner locking profile 726 to make connection of conductive pads 406
on the head 208 of the coupling 204. Alternatively, the one or more connection
pads 740 may be coupled to any suitable locations. Alternatively, wireless power

transfer may be used to provide electrical power to the tool.

[0137] Figure 7C is a schematic section view of the top drive unit 102’ in position
of identifying the drilling tool 400. The coupling 204 of the drilling tool 400 is
inserted into the drive ring 712 so that the one or more connection pads 740 are
electrically connected to the one or more conductive pads 406 of the drilling tool
400. The active identification device 402 of the drilling tool 400 is therefore
connected and the identification of the drilling tool 400 is obtained. If the drilling tool
400 is the correct tool, the drive ring 712 will rotate to lock the drilling tool 400 in
and complete the rigging up procedure. |If the drilling tool 400 is not the correct
tool, a tool handler, such as the tool change unit 106, will lower the drilling tool 400

out of the drive ring 712 and fetch an alternative tool.

[0138] According to one embodiment of the present disclosure, identification

devices on tools, such as the drilling tools, the casing tools, and the cementing

32



CA 02995386 2018-02-09

WO 2017/027656 PCT/US2016/046458

tools, may be used to store operational information in addition to identification
information. For example, the identification devices may be used to store running
time of a tool, running time of a tool used on a particular top drive, and operational
range of a tool, such as torque, pressure, and tonnage. The running time may be
used to monitor the life time of the tool. The running time of a tool used on a
particular top drive may be used to assist tool rental. The additional information
may be updated by re-writing identification devices on a tool. The re-writing may
be performed by a writer when the tool interacts with the tool storage unit, the tool
change unit, or the top drive unit. The writer may be a RFID writer attached to tool
storage unit, tool change unit or tool drive unit. Alternatively, the writer may be a
micro-controller in an active identification device upon receiving commends from a
central unit controller. Alternatively, tool information may be updated by replacing
the existing tool identification device with a new identification device. When the tool
identification device includes barcode tags, or text tags, updated tool information
may be incorporated in new tags, which may replace with the existing tags. In one

embodiment, the tags may be replaced manually.

[0139] In one embodiment of the present disclosure, the top drive unit, the tool
change unit or the tool storage unit may include one or more identification devices,
such as RFIDs, barcode tags, and/or text tags. The identification devices may be
read by various identification readers and used to provide location of the
identification reader or the location of the top drive unit, the tool change unit or the

tool storage unit.

[0140] In one embodiment, one or more tool may include an identification reader
configured to read identification devices disposed on the top drive unit, the tool
change unit or the tool storage unit. The identification reader on the tool may be
used to provide location of the tool by reading identification devices on location
markers, such as the top drive unit, the tool change unit, the tool storage unit. The
identification reader may be used to read identification devices disposed on other
components of the system, such as the top drive unit, the tool change unit, the tool
storage unit, or other tools. In one embodiment, the identification reader tool may

be powered by an internal power supply, such as batteries, a power generator, or
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by an external power supply. In one embodiment, the identification reader on the
tool may be powered by an external power supply through the drive unit, the tool
change unit or the tool storage unit by wired connection or wireless connection.
Alternatively the tool may include a battery or a power generation configured to

provide power supply to the identification reader.

[0141] During process, when a tool including an identification reader receives a
trigger to read. For example, a trigger to read may be generated when power is
provided to the identification reader from that the drive unit, the tool change unit or
the tool storage unit or, if the identification reader is already powered, when the
identification reader receives a command, for example a command from the central

control unit.

[0142] The identification reader on the tool reads the identification devices, the
identification device on the tool change unit, the top drive unit, or the tool storage
unit, and transfers to the central control system the identification of the tool itself
along with the identification information of the identification device being read. The
central control unit may correlate the identification information of the tool and the
identification device being read and determine a location of the tool. In one
embodiment, each parking spot of the tool storage unit may have different ID, so
the identification reader on the tool can read the ID in each parking spot in the
storage unit and transfer IDs of its own and the parking spot to let the system know

the position of the tool.

[0143] Embodiments of the present disclosure also include a modular central
control system adapted to control various tools or parts that may be selectively
connected the modular top drive system described above. The modular central
control system may include a central control unit configured to communicate with
and control various tools, including modular tools or parts that selectively connect
to the system or permanent tools in the system. A tool or part that can be
connected to the modular top drive system may have an independent controller. In
one embodiment, the tool or part may have a modular controller. When a modular
tool or part is added or connected to the modular top drive system, the

corresponding modular controller may be added to or activated in a central
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controller, such as the central control unit 108 of Figure 1. When a tool or part that
does not include a microcontroller of its own is connected to the modular top drive
system, an identification of the tool or part can be sent to the central control unit so
that a corresponding program can be loaded and activated in the central control
unit. When a new part is introduced, the modular central control system can be

updated simply by adding a new modular program corresponding to the new part.

[0144] Figure 8 is a schematic connection diagram of a modular central control
system 800 according to one embodiment of the present disclosure. The modular
central control system 800 may include the central control unit 108 connected to
various tools and parts. As described in Figure 1, the central control unit 108 may
be connected to the top drive unit 102, the tool storage unit 104, and the tool
change unit 106 to facilitate automatic tool identification and automatic tool

exchange.

[0145] The central control unit 108 may be one or more computers or one or
more programmable logic controllers. The central control unit 108 may be
connected to a driller chair 802, where a drilling operator can input operational
commands. The driller chair 802 may include various input devices, such as a
control panel having one or more control buttons, a keyboard, a joystick, or a

microphone.

[0146] The central control unit 108 may also connected to a display unit 804,
such as a monitor screen. The display unit 804 may be used to provide

visualization for the drilling operator to make control decisions.

[0147] In one embodiment, the modular central control system 800 may include
a JAM (Joint Analysis and Makeup) server 812, and one or more JAM clients 806,
812 connected to the central control unit 108. The JAM server 812 and JAM clients
806, 812 may be used to provide rotation and torque control during operation. In
one embodiment, the JAM server 812 may be a stand-alone computer connected
to the central control unit 108. The JAM server 812 may include a storage unit for
storing data for operations, such as data for each makeup or break out.

Alternatively, the JAM server 812 may be a storage unit in the central control unit
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108. The JAM client 806 may be a terminal computer disposed near the driller
chair 802 to allow the drilling operator to operate at the driller chair 802. The JAM
client 814 may be a mobile unit, such as a tablet, that allows JAM operations at

flexible locations.

[0148] In one embodiment, the central control unit 108 may be connected to a
mobile unit 808. The mobile unit 808 allows the operator to operate and control the

system away from the driller chair 802.

[0149] In one embodiment, the central control unit 108 may be connected to a
router 816. The router 816 allows components of the modular control system 800
to connect with the Internet. The router 816 also enables remote support to all
components of the modular control system 800 from locations away from the

modular control system 800.

[0150] In one embodiment, the central control unit 108 may be connected to an
anti-collision unit 810 configured to prevent any collision among different tools and
parts. In one embodiment, the anti-collision unit 810 may be a stand-alone
controller, such as a stand-alone computer. Alternatively, the anti-collision unit 810

may be integrated in the central control unit 108.

[0151] The central control unit 108 may be connected to a power tong
positioning and controlling unit 818 to interact with power tongs 840, a stab master
842, a positioning device 844on the rig. In one embodiment, the power tong
positioning and controlling unit 818 may be the HiPer Control System by
Weatherford, Inc. The power tong positioning and controlling unit 816 may be
connected to the power tongs 840, the stab master 842, and the positioning device
844 by wire. The power tong and controlling unit 818 may be controlled wirelessly.
Alternatively, the power tongs 840, the stab master 842, and the positioning device
844 may be controlled directly by the central control unit 108 without the power
tong positioning and control unit 818. The central control unit 108 may also be

connected to an iron roughneck unit 817 having with an onboard controller.

[0152] As shown in Figure 8, the central control unit 108 may be connected to
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the top drive unit 102, the tool storage unit 104, and the tool change unit 106.
When the top drive unit 102, the tool storage unit 104, or the tool change unit 106
includes a built-in controller, the central control unit 108 may communicate with the

built-in controller.

[0153] In one embodiment, the central control unit 108 may be connected to a
VED (variable frequency drive) controller 820. The VFD controller 820 may be

used to control the top drive unit 102.

[0154] The central control unit 108 may be connected to other devices on a
drilling rig, such as a power generation unit 822, a drawworks unit 824, a drilling

fluid pump 826, and a vision unit 828.

[0155] The central control unit 108 is also connected to one or more modular
tools 830. In one embodiment, the modular tools 830 may include tools configured
to selectively connect to the top drive unit 102, such as the drilling tool 200, the

casing tool 240, and the cementing tool 270.

[0156] In one embodiment, a combined multi-coupler (CMC) 834 may be
connected to the top drive unit 102. The combined multi-coupler 834 may be used
to connect the modular tools 830 to the central control unit 108 and/or the top drive
unit 102. The combined multi-coupler 834 may connect directly to the top drive unit
102. In one embodiment, the combined multi-coupler 834 may connect with the
modular tools 830 when the modular tools 830 are directly coupled to the combined
multi-coupler 834. In another embodiment, the combined multi-coupler 834 may

connect with other units by wireless communication.

[0157] In one embodiment, the combined multi-coupler 834 is configured to
make multiple connections, such as connections for axial and/or torsional loads,
bore fluid, pressure fluid, electric power, and analytic and/or digital data. The
combined multi-coupler 834 may include a load transfer feature corresponding to a
load transfer feature on a tool so that the combined multi-coupler 834 may transfer
axial and/or torque loads to the tool connected. The combined multi-coupler 834

may also include a seal profile to seal with a tool to transfer bore fluid to and from
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the tool. The combined multi-coupler 834 may further include one or more couplers

for transfer pressured fluid, electric power, data, or other signals.

[0158] In one embodiment, when a tool, such as modular tools 830, is
connected to the top drive unit 102 through the combined multi-coupler 834,
identification information of the tool may be sent to the central control unit 108
through the combined multi-coupler 834. The tool identification information may be
transfer through a data coupler, an electric power coupler, or other suitable

connections in the combined multi-coupler 834 to the central control unit 108.

[0159] The central control unit 108 may also connect to a plurality of rig tools
832, such as bails, tongs, spiders, wellheads, pipe tracking units, remote controls,
and the like.

[0160] It should be noted that the various parts and tools in Figure 8 may be
connected by wired connection and/or wireless connection. The central control unit
108 may communicate with various tools and units by wired communication or

wireless communication.

[0161] Figure 9 is a schematic software diagram showing connection of the
central control unit 108 according to one embodiment of the present disclosure.
The central control unit 108 may include computer software installed on a storage
media, such as a hard drive. The computer software may be run by a controller of

the central control unit 108 to perform desired control and processing tasks.

[0162] The central control unit 108 may have an add-on tool group 910 including
software modules configured to communicate with and/or control add-on tools,
such as modular tools 830. The add-on tool group 910 may include a drill tool
module 912 configured to communicate with and/or control a drill tool, such as the
drill tool 200. The add-on tool group 910 may include a cementing tool module 914
configured to communicate with and/or control a cementing tool, such as the
cementing tool 270. The add-on tool group 910 may also include a casing tool
module 916 configured to communicate with and/or control a casing tool, such as

the casing tool 240.
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[0163] In one embodiment, the software modules in the add-on tool group 910
may be selectively loaded when a corresponding tool is connected to the system.
For example, a drill tool module 912 may be loaded when the drill tool 200 is
attached to the top drive unit 102. In one embodiment, the software modules in the
add-on tool group 910 may be downloaded from a remote location, for example,
through Internet, and then activated when the corresponding modular tools are
connected to the system. Alternatively, a software module for a modular tool may
be pre-installed in the add-on tool group 910 and only activated when the modular
tool is connected to the system. When a modular tool is disconnected from the
system, the corresponding software module may be removed or deactivated from

the add-on tool group 910.

[0164] The central control unit 108 may have a standard tool module group 920
including software modules configured to control tools that are standard or
permanent to a system, such as a drilling rig. In one embodiment, the standard tool
module group 920 may include a coupler module 921, a spider module 922, a tong
module 923, a drive unit module 924, a tool changer module 925, a tool storage
module 926, or any modules for similar tools. The software modules in the

standard tool module group 920 may remain active during operation.

[0165] The central control unit 108 may have a safety module group 930
including software modules configured to monitor and maintain the safety during
operation. For example, the safety module group 930 may include an interlocks
module 932, a safety module 934, an anti-collision module 936, or any software
module configured to perform safety functions. The software module in the safety
module group 930 may coordinate among two or more tools in the system to

ensure safety and prevent interference among different tools.

[0166] The central control unit 108 may have an operation module group 940
including software modules configured to automatically perform a particular
operation with different tools. The operation module group 940 may include an
automatic tool change module 941, an automatic drilling module 942, an automatic
cementing module 943, an automatic casing module 944, or any operations that the

system is configured to run.
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[0167] The software module in the operation module group 940 may be
selectively loaded or activated when a particular operation is scheduled to run. For
example, the automatic drilling module 942 is loaded or activated when the system
is to perform a drilling operation. In one embodiment, the software modules in the
operation module group 940 may be customized or exchanged according to the

particular operation requirements.

[0168] The central control unit 108 may run one or more software modules to
communicate and/or control various tools and parts in the system through the
connections between the central control unit 108 and the tools and parts. As
discussed above, the connections may be wired connection, wireless connection,
or combinations thereof. The connections may be direct connection or indirect

connections.

[0169] The central control unit 108 may communicate with the operator by
sending information of the tools and parts, such as, the information from the
modular tools, standard tools, the sensors, or the like, in the system to the display
unit 804 where the information can be visualized for the operator to observe. The
central control unit 108 also receives operator inputs from the driller chair 802, the
laptop 808, or other input devices, and plugs the operator inputs to the software

modules to implement the operator's commands.

[0170] The central control unit 108 may communicate with the JAM server 812
or the JAM client 814 to monitor and control the rotation and torque during
operation. For example, the central control unit 108 receives pipe data from JAM
client 814, processes the received data through the relevant software module(s),

and sends torque, turn, and time to the JAM server 812 or JAM client.

[0171] When a tool, such as the standard tool 830, is connected to the central
control unit 108, the tool 830 may send various information, such as standard tool
information, special tool information, feedback from sensors or software on the tool,
to the central control unit 108, where the information may be processed using the
relevant software modules, and tool commands are sent back to the tool 830 to

implement tool control.
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[0172] To control a standard tool 814, such as a tong , the central control unit
108 receives information of the standard tool and any feedback from the sensors or
onboard software, processes the information through relevant software module,

such as the tong module 923 for the tong, and sends commands to the tool.

[0173] To control units having integrated controller, such as the tool change unit
106, the central control unit 108 may not require information of the tool. The central
control unit 108 may only require feedback from the software or sensor on the tool

change unit 106.

[0174] Figures 10A is a schematic diagram of communication between an active
tool 1010 and the central control unit 108 when the active tool 1010 is connected to
the central control unit 108. The active tool 1010 may be a tool or part having a
controller, such as a microcontroller. The controller in the active tool may run a
control program for controlling the active tool 1010. The active tool may also
include a storage medium where the control program and tool information are

stored.

[0175] When the active tool 1010 gets connected to the central control unit 108,
the controller in the active tool 1010 will send the identification information to the
central control unit 108. Alternatively, the active tool 1010 may be identified by an
identification tag, such as an RFID tag. Upon receiving the identification of the
active tool 1010, a software module corresponding to the active tool 1010 may be
loaded or activated in the central control tool 108. The central control unit 108 can
then either read standard information stored in the active tool 1010 or the active
tool 1010 can send the standard information to the central control unit 108. The
standard tool information may include the identification number of the tool, the
operation parameters of the active tool 1010, such as the maximum allowed RPM,

the maximum torque, and dimension of the active tool 1010.

[0176] A software module in the central control unit 108 for an active tool, such
as the active tool 1010, mainly includes commands to the active tool and processes
software and/or sensor feedback from the active tool. The controller in the active

tool 1010 handles the hardware interaction. From the point of view of the central
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control unit 108, the active tool 1010 is a black box. Communication between the
active tool 1010 and the central control unit 108 is implemented by a predefined

software interface.

[0177] Figures 10B is a schematic diagram of communication between the
active tool 1010 and the central control unit 108 during operation. The central
control unit 108 sends commands to the active tool 1010. The controller in the
active tool 1010 will function to check the received commands according to the
hardware of the active tool, perform any calculations if necessary, and output the
commands to the hardware of the active tool 1010 accordingly. The controller of
the active tool 1010 may then send feedback to the central control unit 108 through

the software interface.

[0178] Figures 11A-11B are schematic diagrams of communication between a
passive tool 1100 and the central control unit 108. The passive tool 1100 does not
have a controller. For example, bails are typically a passive tool. In one
embodiment, the passive tool 1100 may include an identification device, such as a
RFID.

[0179] As shown in Figure 11A, when the passive tool 1100 is connected to the
system, the passive tool 1100 may be identified by the identification device and the
identification information of the passive tool 1100 stored in the identification device
may be sent to the central control unit 108. Alternatively, the identification
information of the passive tool 1100 may be entered to the central control unit 108
by the operator. Standard information of the passive tool may be retrieved from a
database 1102 of configuration files. The database 1102 may be stored in the

central control unit 108 or stored in a remote location.

[0180] Interaction with the hardware of a passive tool, such as the passive tool
1100, may be handled by a software module in the central control unit 108. In one
embodiment, the central control unit 108 may load or activate the corresponding
software module according to the identification information. Figure 11B is a
schematic diagram of controlling the passive tool 1100. A software module 1110

may be used to control the hardware of the passive tool 1100. During operation,

42



CA 02995386 2018-02-09

WO 2017/027656 PCT/US2016/046458

the software module 1110 may receive commands, for example from other
software modules in the central control unit 108. The software module 1110 may
check the received command, do calculation of necessary, and output the
hardware command accordingly. Upon completing the hardware interaction, the
software module 1110 may send feedback to the corresponding software modules

in the central control unit 108.

[0181] Some software modules in the central control unit 108 may interact with
two or more tools and parts. Figure 12A is a schematic diagram of an antic-
collision procedure wherein the central control unit 108 communicates with the tool
830, the driller chair 802, and the drawworks unit 824. When connecting the tool
830 to the system, the anti-collision module 936 in the central control unit 108 may
be invoked to prevent collision among the parts, for example the collision between
the bottom and the tool 830 connected to the top drive unit 102. The anti-collision
module 936 may calculate the position of the top drive unit 102 connected with the
tool using the position given by the drawworks unit 824 and the dimension of the
tool. The anti-collusion module 936 may obtain information of tool height from the
tool 830. The operator may enter upper and lower limits through the driller chair
802. The drawworks unit 824 may send height information to the central control
unit 108 and the anti-collision module 936. The anti-collision module 936 may
calculate combined the height of the tool and the top drive unit 102 and check if the
combined height is between the lower and the upper limits. If the combined height
is within the limits, the anti-collision module 936 will send a non-collision signal to
the drawworks unit 824 to give the drawworks unit 824 the permission to move the

top drive unit 102.

[0182] Figure 12B is a schematic diagram of a torque control procedure
performed in the central control unit 108. During operation, limits of RPM and/or
limits of torque may be sent to the central control unit 108 by the operator through
the driller chair 802, the JAM client 814, and/or by the tool 830. The power tong
positioning and controlling unit 818 and/or the top drive unit 102 may send the
current RPM and/or current torque to the central control unit 108. The central

control unit 108 checks if the current RPM and/or current torque is within the limits.
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If the current RPM and/or current torque exceed the limits, the central control unit
108 sends a stop/dump command to the power tong positioning and controlling unit
818 and/or the top drive unit 102.

[0183] Embodiment of the present disclosure includes a tool for construction of
a wellbore. The tool includes a coupling for connecting to a top drive unit by a
friction structure or by a load bearing head, and one or more identification devices

including identification information.

[0184] The coupling may include a head having a latching profile to selectively
connect the tool to the top drive unit. The coupling may further include a lifting
shoulder allowing a tool changer to lift the tool, and a neck extending between the

head and the lifting shoulder.

[0185] The one or more identification devices may be one of a radio frequency

identification device (RFID), a bar code tag, and a text tag.

[0186] The tool may include two or more identification devices disposed at
intervals on an outer surface of the lifting shoulder. The one or more identification
devices may be active identification device powered by an external power supply,

hydraulically generated power, or battery.

[0187] The tool may further include one or more conductive pads connected to
the one or more identification devices. The one or more conductive pads are
configured to connect the one or more identification devices to a power supply
and/or an input/output interface of a controller. In one embodiment, the one or
more identification devices may be powered by the external power supply through a

wireless connection.

[0188] The tool may be a drilling tool, a casing tool, a cementing tool, a
completion tool, a fracturing tool, a pump, a sand screen, a clamping tool, an
internal gripping tool, an external gripping tool, an adaptor, or a combination

thereof.

[0189] The one or more identification devices may include a micro-controller,
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and a memory unit programmable to store identity information, and/or operational
information. The one or more identification devices may further include an interface

to communicate with a central control unit. The memory unit is re-writeable.

[0190] Embodiment of the present disclosure may include a top drive unit for
construction of a wellbore. The top drive includes a drive body, a drive motor
having a stator connected to the drive body, a coupler torsionally connected to a
rotor of the drive motor for selectively connecting a tool, and an identification reader

configured to obtain identity information from an identification device on the tool.

[0191] The coupler may have a latch profile for selectively connection with the
tool. The coupler may be coupled to the tool by a friction structure or by a load

bearing head.

[0192] The identification reader may be one of a radio frequency identification
device reader, a barcode reader, and a camera. The identification reader may be
powered by at least one of an external power supply, hydraulically generated
power, and battery. The identification reader may include one or more connection
pads configured to connect an identification device on the tool to a power supply
and/or an input/output interface of a system controller. The identification reader
may be powered by an external power supply using a wireless connection. The

identification reader may be connected to a central control unit.

[0193] Another embodiment provides a tool change unit. The tool change unit
includes a tool holder configured to lift a tool, a drive assembly configured to move
the tool holder, and an identification reader configured to obtain identity information

from an identification device on the tool.

[0194] The drive assembly may include a base mountable to a subfloor structure
of a drilling rig, a post extending from the base to a height above a floor of the
drilling rig, a slide hinge transversely connected to the post, and an arm connected

to the slide hinge, wherein the tool holder is attached to the arm.

[0195] The identification reader may be attached to the tool holder. The

identification reader may be one of a radio frequency identification device reader, a
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barcode reader, and a camera. The identification reader may be powered by an

external power supply, hydraulically generated power, or battery.

[0196] The identification reader may include one or more connection pads
configured to connect an identification device on the tool to a power supply and/or
an input/output interface of a system controller. The identification reader may be

powered by an external power supply by a wireless connection.

[0197] Another embodiment of the present disclosure provides a tool storage
unit. The tool storage unit includes a frame having one or more parking spots,
wherein each parking spot is configured to receive one of a drilling tool, a casing
tool, a cementing tool, a fracturing tool, a pump, a sand screen, a clamping tool, an
internal gripping tool, an external gripping tool, an adaptor, or a combination
thereof, and an identification reader configured to obtain identity information from

identification devices on tools in the parking spots.

[0198] The identification reader may be one of a radio frequency identification
device reader, a barcode reader, and a camera. The identification reader may be
powered by an external power supply, hydraulically generated power, or battery.
The identification reader may include one or more connection pads configured to
connect an identification device on the tool to a power supply and/or an input/output
interface of a system controller. The identification reader may be powered by an

external power supply by a wireless connection.

[0199] The tool storage unit may further include a rack. The rack may include a
base, a beam, and two or more columns connecting the beam and the base,
wherein the one or more parking spots are formed on the beam. Alternatively, the
rack may include a disk, wherein the one or more parking spots are formed on the

disk, a turntable configured to rotate the disk, and a shaft supporting the disk.

[0200] Another embodiment of the present disclosure provides a modular top
drive system. The modular top drive system includes a top drive unit for selectively
connecting to a tool using a friction structure, a threaded connection, or a load

bearing head, and an identification reader configured to obtain identity information
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from identification devices.

[0201] The modular top drive system may further include a tool storage unit
having one or more parking spots, wherein each parking spot is configured to

receive and support a tool.

[0202] The modular top drive system may further include a tool change unit

configured to transfer tools between the top drive unit and the tool storage unit.

[0203] In the modular top drive system, the identification reader may be
disposed on the top drive unit, a tool storage unit, or a tool change unit.
Alternatively, the identification reader may be disposed on the tool and configured
to read identification devices disposed on the top drive unit, the tool storage unit, or

the tool change unit.

[0204] The modular top drive system further includes a central control unit,

wherein the identification reader is connected to the central control unit.

[0205] The modular top drive unit may selectively connect to a drilling tool, a
casing tool, a cementing tool, a fracturing tool, a pump, a sand screen, a clamping
tool, an internal gripping tool, an external gripping tool, an adaptor, or a

combination thereof.

[0206] The modular top drive system may further include one or more tools
including an identification device, wherein the one or more tools are selectively

connected to the central control unit.

[0207] In the modular top drive system, the identification reader may be one of a
radio frequency identification device reader, a barcode reader, and a camera. The
identification reader may be powered by an external power supply, hydraulically

generated power, or battery.

[0208] The identification reader may include one or more connection pads
configured to connect an identification device on the tool to a power supply and/or

an input/output interface of a central control unit.
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[0209] In the modular top drive system, the identification reader may be

powered by an external power supply by a wireless connection.

[0210] Another embodiment of the present disclosure provides a method for
operating a modular top drive system. The method includes positioning a  tool
within a range of an identification reader, reading one or more identification devices
on the tool using the identification reader to confirm the tool is the correct tool, and

engaging the tool to a top drive unit.

[0211] In the method, positioning the tool may include transporting the tool to
slips positioned underneath the top drive unit. In the method, engaging the tool to

the top drive unit may include moving the top drive unit down towards the slips.

[0212] In the method, positioning the tool may include retrieving a tool from a
tool storage unit, and transporting the tool to slips positioned underneath the top

drive unit.

[0213] In the method, positioning the tool may include retrieving a tool from a
tool storage unit using a tool change unit, and transferring the retrieved tool

towards a top drive unit using the tool change unit.

[0214] In the method, confirming the tool may include, prior to retrieving the tool,
identifying one or more tools stored in the tool storage unit using the identification

reader in the tool storage unit.

[0215] In the method, confirming the tool may include identifying the retrieved
tool using the identification reader in the top drive unit when the retrieved tool is
transferred adjacent the top drive unit, and if the retrieved tool is not the correct

tool, returning the retrieved tool to the storage unit, and retrieving another tool.

[0216] In the method, confirming the tool may include, prior to retrieving the tool,
identifying one or more tools stored in the tool storage unit using an identification
reader in an tool change unit, and retrieving the tool with the tool change unit upon

confirming the identification of the tool.

[0217] The method may further include sending information of the tool to a
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central control unit. The method may further include activating a software module
corresponding to the tool in the central control unit, and sending command to the

tool from the central control unit.

[0218] In the method, confirming the tool may include sending tool identity

information to a central control unit.

[0219] In the method, confirming the tool may include one of reading a radio
frequency identification device, reading a barcode, capturing an image of a text tag
and recognizing the text tag, and receiving identity information from an active
identification device. Confirming the tool may further include determining whether

the tool is correct within the identification reader.

[0220] The method further includes receiving operation history of the tool from
an identification device on the tool. The method further includes updating operation
history in the identification device on the tool upon engaging the tool. The method

further includes replacing the tool with another tool.

[0221] In the method, the tool may be one of a drilling tool, a casing tool, a
cementing tool, a fracturing tool, a pump, a sand screen, a clamping tool, an
internal gripping tool, an external gripping tool, an adaptor, or a combination

thereof.

[0222] 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 of the invention is determined by the

claims that follow.
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Claims:

1. A method of operating a modular top drive system, comprising:
positioning a tool adjacent a top drive unit and within a range of an
identification reader, wherein positioning the tool comprises:
retrieving the tool from a tool storage unit; and
transporting the tool to a plurality of slips positioned undemeath the
top drive unit;
reading one or more identification devices on the tool using the identification
reader;
determining whether the tool is a correct tool using a tool identification
information obtained from the one or more identification devices;
if the tool is the correct tool,
configuring the top drive unit according to the tool identification
information; and
engaging the tool to the top drive unit;
if the tool is not the correct tool, positioning another tool adjacent to the top

drive unit.

2. The method of claim 1, further comprising:
prior to retrieving the tool, identifying one or more tools stored in the tool
storage unit using a second identification reader in a tool change unit;
retrieving the tool with the tool change unit upon confirming the tool

identification.

3. The method of claim 1, further comprising:

sending the tool identification information to a central control unit.

4. The method of claim 3, wherein configuring the top drive unit comprises

sending a command to the top drive unit from the central control unit.

5. The method of claim 3, further comprising:
activating a software module in the central control unit corresponding to the

tool; and
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sending a command to the tool from the central control unit.

6. The method of claim 1, further comprising using the tool to perform at least
one of a drilling operation, a casing operation, a cementing operation, a completion

operation, a logging operation, a fracturing operation, and an oil recovery operation.

7. A modular top drive system, comprising:

a top drive unit for selectively connecting to a tool,

an identification reader configured to obtain identity information from
identification devices in the tool;

a connection pad positioned on an exterior surface of the top drive unit,
wherein the connection pad is configured to provide electrical power to the
identification devices in the tool connected to the top drive unit; and

a central control unit connectable to the top drive unit and the identification
reader.

8. The modular top drive system of claim 7, wherein the identification reader is

disposed on the top drive unit.

9. The modular top drive system of claim 7, further comprising:
a tool storage unit; and
a tool change unit, wherein the identification reader is disposed on the top

drive unit, the tool storage unit, or the tool change unit.

10.  The modular top drive system of claim 7, wherein the identification reader is
one of a radio frequency identification device reader, a barcode reader, and a

camera.
11.  The modular top drive system of claim 7, wherein the top drive unit
selectively connects to the tool using a friction structure, a threaded connection, or

a load bearing head.

12. A tool for construction of a wellbore, comprising:
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a coupling for connecting to a top drive unit by a friction structure or by a
load bearing head;

one or more identification devices including identification information of the
tool; and

a conductive pad positioned on an exterior surface of the coupling, the
conductive pad is connected to the one or more identification devices by a wire;

wherein the one or more identification devices are active identification device

powered by an external power supply through the conductive pad and the wire.

13. The tool of claim 12, wherein the one or more identification devices are two

or more identification devices disposed at various locations on the coupling.

14.  The tool of claim 12, wherein the tool is a drilling tool, a casing tool, a
cementing tool, a completion tool, a fracturing tool, a pump, a sand screen, a
clamping tool, an internal gripping tool, an external gripping tool, an adaptor, or a
combination thereof.

15.  The tool of claim 12, wherein the one or more identification devices includes:
a micro-controller; and
a memory unit programmabile to store identity information, and/or operational
information.

16. The tool of claim 15, wherein the one or more identification devices further

includes an interface to communicate with a central control unit.

17.  The tool of claim 12, wherein the one or more identification devices include a

wireless transmitter.

18. The tool of claim 12, wherein the one or more identification devices are

configured to send signals to an external unit through the conductive pad.

19. A method of operating a modular top drive system, comprising:
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positioning a tool adjacent a top drive unit and within a range of an
identification reader;
reading one or more identification devices on the tool using the identification
reader to obtain a tool identification information;
sending the tool identification information to a central control unit;
determining whether the tool is a correct tool using the tool identification
information;
if the tool is the correct tool,
configuring the top drive unit according to the tool identification
information, wherein configuring the top drive unit comprises sending a
command to the top drive unit from the central control unit; and
engaging the tool to the top drive unit;
if the tool is not the correct tool, positioning another tool adjacent to the top

drive unit.

20.  The method of claim 19, further comprising:
activating a software module in the central control unit corresponding to the
tool; and

sending a command to the tool from the central control unit.
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