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(54) TUBULAR HANDLING APPARATUS
(57)  Inone embodiment, a tubular gripping assembly
for use with a top drive to handle a tubular includes a
tubular gripping tool having a mandrel and gripping ele-
ments operatively coupled to the mandrel; and a link as-
sembly attached to the mandrel, wherein a load of the
link assembly is transferred to the mandrel. In another
embodiment, the tubular gripping assembly includes a
swivel having selectively actuatable seals. In yet another
embodiment, the tubular gripping assembly includes a
thread compensator to facilitate tubular make-up. In yet
another embodiment, the tubular gripping assembly in-
cludes a wedge lock release apparatus to facilitate the
release of gripping elements from the tubular.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to methods and
apparatus for handling tubulars using top drive systems.
Particularly, the invention relates to methods and appa-
ratus for adapting a top drive for use with running and
rotating tubulars. More particularly still, the invention re-
lates to a tubular handling apparatus for engaging with
a tubular and rotating the same.

Description of the Related Art

[0002] It is known in the industry to use top drive sys-
tems to rotate a drill string to form a borehole. Top drive
systems are equipped with a motor to provide torque for
rotating the drilling string. The quill of the top drive is
typically threadedly connected to an upper end of the drill
pipe in order to transmit torque to the drill pipe. Top drives
may also be used in a drilling with casing operation to
rotate the casing.

[0003] In order to drill with casing, most existing top
drives require a threaded crossover adapter to connect
to the casing. This is because the quill of the top drives
is not sized to connect with the threads of the casing.
The crossover adapter is designed to alleviate this prob-
lem. Typically, one end of the crossover adapter is de-
signed to connect with the quill, while the other end is
designed to connect with the casing.

[0004] However, the process of connecting and dis-
connecting a casing is time consuming. For example,
each time a new casing is added, the casing string must
be disconnected from the crossover adapter. Thereafter,
the crossover must be threaded into the new casing be-
fore the casing string may be run. Furthermore, this proc-
ess also increases the likelihood of damage to the
threads, thereby increasing the potential for downtime.
[0005] Thereis aneed, therefore, for methods and ap-
paratus for adapting the top drive for engaging and ro-
tating a tubular such as casing.

SUMMARY OF THE INVENTION

[0006] The present invention generally relates to a
method and apparatus for drilling with a top drive system.
Particularly, the presentinvention relates to methods and
apparatus for handling tubulars using a top drive system.
[0007] In one embodiment, a tubular gripping assem-
bly for use with a top drive to handle a tubular includes
a tubular gripping tool having a mandrel and gripping
elements operatively coupled to the mandrel; and a link
assembly attached to the mandrel, wherein a load of the
link assembly is transferred to the mandrel.

[0008] In another embodiment, a thread compensator
for use with a tubular gripping assembly includes an inner
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ring member rotatably coupled to an outer ring member
and a cylinder for coupling the outer ring member to a
non-rotating portion of the tubular gripping assembly,
wherein the innerring member is rotatable with a rotating
portion of the tubular gripping assembly.

[0009] In another embodiment, a tubular handling as-
sembly includes a gripping tool having a carrier movably
coupled to a mandrel, wherein the carrier includes a grip-
ping element; a link assembly coupled to the gripping
tool; and athread compensator. The thread compensator
may have an inner ring member rotatably coupled to an
outer ring member and a cylinder for coupling the outer
ring member to the link assembly, wherein the inner ring
member is rotatable with the carrier.

[0010] In another embodiment, a tubular handling as-
sembly for use with a top drive includes a mandrel cou-
pled to the top drive; an actuator for moving gripping el-
ements between a tubular gripping position and a tubular
releasing position; and a tubular engagement member
for engaging a tubular. The assembly may also include
a clamping indicator coupled to the gripping elements for
indicating the position of the gripping elements and a
coupling indicator coupled to the engagement member
for indicating a position of the tubular.

[0011] In another embodiment, a swivel for use with a
tubular gripping assembly includes an outer housing; an
inner housing concentrically disposed within the outer
housing; a fluid channel for fluid communication between
the outer housing and the inner housing; a seal bushing
coupled to the outer housing and axially movable be-
tween a first position and a second position relative to
the inner housing; a plurality of seals movable with the
seal bushing and sealingly engageable with the inner
housing for preventing leakage from the fluid channel;
and a plurality of grooves disposed on the inner housing,
wherein when the seal bushing is in the first position, the
plurality of seals are sealingly engaged with the inner
housing, and in the second position, the plurality of seals
are aligned with the plurality of grooves, thereby disen-
gaging from the inner housing.

[0012] Inanother embodiment, arelease apparatus for
releasing a gripping element of a tubular gripping appa-
ratus includes an anchor attached to the tubular gripping
apparatus; an engagement member movably coupled to
the anchor; and a connection member coupling an abut-
ment device to the anchor, wherein connecting or dis-
connecting the connection member from the anchor
causes engagement member to move relative to the an-
chor.

[0013] In another embodiment, a method of handling
a tubular includes providing a gripping assembly having
acarrier movably coupled to a mandrel, wherein the man-
drel has a load collar adapted to couple to a shoulder of
the carrier; a gripping element movable relative to the
carrier; a thread compensator adapted to move the car-
rier; an engagement member movable relative to the car-
rier; and a stop member adapted to limit movement of
the engagement member. The method includes lowering
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the gripping assembly until the engagement member
contacts the tubular; lowering the carrier relative to the
engagement member until the engagement member
contacts the stop member; lowering the mandrel relative
to the carrier such that a gap exists between the load
collar and the shoulder; threadedly connecting the tubu-
lar to a second tubular; and actuate the thread compen-
sator to move the carrier to compensate for threaded
connection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the above recited
features of the present invention can be understood in
detail, amore particular description of the invention, brief-
ly summarized above, may be had by reference to em-
bodiments, 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 in-
vention and are therefore not to be considered limiting
of its scope, for the invention may admit to other equally
effective embodiments.

Figure 1 shows an exemplary tubular handling ap-
paratus adapted to engage an internal surface of the
tubular.

Figures 2A and 2B shows an exemplary tubular han-
dling apparatus adapted to engage an exterior sur-
face of the tubular.

Figure 3 shows a cross-sectional view of a swivel
and a link assembly attached to the internal gripping
tool of Figure 1.

Figures 4-6 are partial views of the link assembly
shown in Figure 3.

Figure 7 is a partial cross-sectional view of the swivel
shown in Figure 3.

Figure 8 is a partial cross-sectional view of the swivel
and the mandrel shown in Figure 3.

Figures 8A-8E are additional views of the link as-
sembly shown in Figures 1 and 2. Figure 8A is a
perspective view of the link support housing of the
link assembly shown in Figure 1. Figures 8B-8D are
partial cross-sectional views of the link support hous-
ing shown in Figure 8A. Figure 8E shows the mandrel
110, the swivel 105, and the link assembly 112, 113
prior to assembly to the mandrel of the external grip-
ping tool shown in Figures 2A-2B.

Figure 9 is a cross-sectional of the link assembly of
Figure 1 attached to the mandrel. The link assembly
is shown equipped with a turn counter.
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Figure 10 shows an exemplary turn counter suitable
for use with the link assembly shown in Figure 1.

Figures 10A-10D show another embodiment of a
turn counter suitable for use with the link assembly
shown in Figure1.

Figure 11 is a cross-sectional view of an exemplary
internal gripping tool.

Figure 12 is a cross-sectional view of an exemplary
hydraulic actuator suitable for use with the internal
gripping tool shown in Figure 11.

Figure 13 shows a housing of the hydraulic actuator
shown in Figure 12.

Figures 14-15 are partial views of aninternal gripping
tool of Figure 1.

Figures 16-18 show sequential movement of the
clamp indicator of the internal gripping tool of Figure
1.

Figures 19A-19B show sequential movement of the
coupling indicator of the internal gripping tool of Fig-
ure 1.

Figure 20 is a perspective of an engagement plate
of the internal gripping tool shown in Figure 1.

Figure 21 is a cross-sectional view of an exemplary
external gripping tool.

Figure 22 is a cross-sectional view of an exemplary
embodiment of a thread compensator.

Figures 23-25 show various positions of the carrier
of the external gripping tool of Figure 21. Figure 23
shows the position of the carrier during a pick up
operation. Figure 24 shows the position of the carrier
under normal operations. Figure 25 shows the posi-
tion of the carrier when the external gripping tool is
on the ground.

Figure 26 is a partial perspective view of the hydraulic
actuator of the external gripping tool of Figure 21.

Figure 27 is a partial cross-sectional view of the hy-
draulic actuator of the external gripping tool of Figure
21.

Figures 28 and 28A show the coupling indicator and
the clamping indicator in the released position.

Figures 29 and 29A show the coupling indicator in
the tubular engaged position.
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Figure 30 shows the gripping elements in the
clamped position.

Figure 31 shows a perspective of a tubular guide
member.

Figure 32 illustrates an exemplary gripping element
suitable for use with the external gripping tool.

Figure 33 shows the guide pins of the gripping ele-
ment of Figure 32 positioned in the carrier 250.

Figures 34A-34D illustrate an exemplary fill-up tool
connection for connecting the fill-up tool to an exter-
nal clamping tool.

Figures 35 and 36 show an exemplary embodiment
of a swivel.

Figure 37 show an embodiment of a thread compen-
sator in the partially retracted position.

Figure 38 shows the thread compensator of Figure
37 in the extended position.

Figure 39 shows a perspective view of the thread
compensator of Figure 37.

Figure 40 shows the thread compensator in the ex-
tended position.

Figure 41 shows the tubular positioned in the tubular
gripping apparatus and gripped by the slips.

Figure 42 shows the carrier in a retracted position
relative to the mandrel.

Figure 42A is an enlarged view of the thread com-
pensator in a partially retracted position. Figure 42B
is an enlarged view of the thread compensator in a
fully retracted position.

Figure 43 shows the thread compensator in the drill-
ing position. Figure 43A is a partial exploded view of
the thread compensator in the drilling position.

Figure 44 shows a partial view of another embodi-
ment of the tubular gripping apparatus equipped with
a wedge lock release mechanism.

Figure 45 shows the position of the coupling indicator
when the guiding element is contacting the rubber
bumper. Figure 46 is a partial exploded view of Fig-
ure 45.

Figures 47-50 are partial exploded views of the tu-
bular gripping apparatus in operation. Figure 47
shows the tubular engaged with the bumper plate.
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Figure 48 shows the carrier being lowered relative
to the bumper plate.

Figure 49 shows the mandrel being moved relative
to the carrier.

Figure 50 shows the mandrel in contact with the
bumper plate.

Figure 51 shows an embodiment of a release mech-
anism in the unreleased position.

Figure 52 shows the release mechanism of Figure
51 in the released position.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0015] Embodiments of the present invention provide
a tubular handling apparatus for use with a top drive to
engage and rotate a tubular such as casing. Figure 1
shows an exemplary tubular handling apparatus adapted
to engage an internal surface of the tubular. The appa-
ratus will be referred to herein as an internal gripping tool
100. The internal gripping tool 100 includes gripping el-
ements 155 and an actuator 160 for actuating the gripping
elements 155. Figures 2A and 2B shows an exemplary
tubular handling apparatus adapted to engage an exte-
rior surface of the tubular. The apparatus will be referred
to herein as an external gripping tool 200. The external
gripping tool 200 includes a carrier 250 for interacting
with gripping elements and an actuator for actuating the
gripping elements 260. The internal gripping tool 100 and
the external gripping tool 200 are equipped with a swivel
105 and a link assembly 108.

[0016] Figure 3 shows a cross-sectional view of the
swivel 105 and the link assembly 108 attached to the
mandrel 110 of the internal gripping tool 100. The man-
drel 110 may be connected directly or indirectly to the
quill disposed below the top drive. The link assembly 108
includes links 112 connected to a link support housing
113. In one embodiment, the links 112 may be extenda-
ble. Additionally, hydraulic actuation cylinders may be
connected to the links 112 to tilt the links 112 to and away
from a centerline of the mandrel 110. The link support
housing 113 has a central opening 114 for receiving the
mandrel 110. A coupling ring 116 disposed in the opening
114 is used to connect the link assembly 108 to the man-
drel 110. The coupling ring 116 may be a nut which
threadedly attaches to an exterior surface of the mandrel
110. The coupling ring 116 is coupled to the link support
housing 113 using a bearing connection 118, for exam-
ple, a ball bearing. An exemplary ball bearing is a four
point ball bearing having balls disposed between two
rings and the balls are guided by two points on each ring.
The coupling ring 116 is attached to one ring of the ball
bearing, while the link support housing 113 is attached
to the other ring of the ball bearing. The bearing connec-
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tion 118 allows the coupling ring 116 to rotate with the
mandrel 110 while the link support housing 113 remains
non-rotational. Also, the bearing connection 118 allows
axial loads from the links 112 to be transferred to the
mandrel 110.

[0017] Figures 4-6 are different views of the coupling
ring 116 or nut. As shown, one or more arcuate clamping
segments 121 may be disposed in an upper portion of
the coupling ring 116 and between the coupling ring and
the mandrel. The segments 121 may be attached to the
couplingring 116 using a fastener such as a bolt or screw.
The clamping segments 121 minimize the clearance and
relative movement with the links 112 during rotation of
the couplingring 116. One or more tapered ring segments
122 may also be disposed in a lower portion of the cou-
pling ring 116 to reduce radial clearance. In one embod-
iment, four clamping segments 121 and two ring seg-
ments are coupled to the coupling ring 116. Figure 5 is
a partial view showing the clamping segments 121 at-
tached to the coupling ring 116. Figure 6 a partial bottom
view of the coupling ring 16 without the mandrel 110. The
view shows the threads of the coupling ring 116 and the
clamping segments 121 and ring segments 122.

[0018] Referring again to Figure 3, the link assembly
108 may include a retainer 125 for connection to a torque
reaction bracket ("TRB"). The retainer 125 may be con-
nected to an upper portion of the link support housing
113 using fasteners such as bolts 124. In use, one end
of the torque reaction bracket couples to the retainer 125
and another end couples to a rotationally fixed location,
such as a rail on a drilling derrick or part of the top drive.
This arrangement helps maintain the link supporthousing
113 in a non-rotational position when the mandrel 110
and the coupling ring 116 are rotated by the top drive or
motor.

[0019] In addition to the coupling ring 116, the link as-
sembly 108 may also include a secondary retention de-
vice, such as shackles 126, for coupling with the top drive.
In one embodiment, four shackles 126 may be connected
to the top portion of the link support housing 113. An
elongated member such as a rope, link, or chain may
connect the shackles 126 to the link ears on the top drive.
In this respect, the link assembly 108 may be supported
by the top drive.

[0020] Figures7and 8 are partial cross-sectional views
of the swivel 105 and the mandrel 110. The swivel in-
cludes an outer body 131, an inner body 132, and upper
and lower bearings 133, 134 for relative rotational move-
ment between the outer body 131 and the inner body
132. Theinner body 132 is connected to the mandrel 110
using a spline connection 135 or other suitable mecha-
nisms such as a pin connection. In this respect, the inner
body 132 may rotate with the mandrel 110. The outer
body 131 is coupled to the link support housing 113 using
atorque bolt 136. In this respect, the outer body 131 may
remain stationary with the link support housing 113 dur-
ing rotation of the mandrel 110 and the inner body 132.
In this embodiment, the swivel 105 does not carry any
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axial load from the links 112. This axial load free arrange-
ment allows other suitable swivel designs known to a
person of ordinary skill in the art to be used with the link
assembly 108. The swivel may be used to supply fluid
such as hydraulic fluid to the tubular handling apparatus
for operation thereof. In another embodiment, the swivel
may include one or more sensors for measuring the
torque applied to the mandrel during its rotation.

[0021] Figures 8A-8E are additional views of the link
assembly. Figure 8A is a perspective view of the link sup-
port housing 113. In one embodiment, the link assembly
may include a multicoupling 140 for connection to one or
more control lines. Also, a torque counter 150 is attached
to the link support housing 113. Figures 8B-8D are patrtial
cross-sectional views of the link support housing. Figure
8B is a cross-sectional view of the coupling ring 116, the
bearing 118, the retainer 125, and the turn counter 150.
Figure 8C is a cross-sectional view of the link support
housing 113, coupling ring 116, the bearing 118, the
clamping segments 121, and ring segments 122. Figure
8d is a cross-sectional view of the coupling ring 116, the
bearing 118, the clamping segments 121, and ring seg-
ments 122, the turn counter 150, and the rotating plate
151. Figure 8E shows the mandrel 110, the swivel 105,
and the link assembly 112, 113 prior to assembly to the
mandrel of an external gripping tool. To assembly to tool,
the swivel 105 is inserted over the mandrel 110 and the
inner body 132 is positioned into engagement with the
spline 135. Thereafter, the link support housing 113 in-
serted over mandrel 110 and threadedly attaches to the
threads on the mandrel 110 above the swivel 105. It must
be noted that the swivel and/or the link assembly are
usable with the internal gripping tool 100 or the external
gripping tool 200.

[0022] Figure 9 shows the link assembly 108 equipped
with a turn counter 150. Figure 10 shows an exemplary
turn counter 150 usable with the link assembly 108. The
turn counter 150 may include a rotating plate 151 at-
tached to the coupling ring 116 and rotatable therewith.
The plate 151 has a plurality of teeth disposed on its outer
perimeter. The turn counter 150 also includes one or
more sensors 152, 153 mounted to the non-rotational
portion of the link support housing 113. The sensors 152,
153 are positioned adjacent the plurality of teeth and are
adapted to detect the passing of each tooth. In one em-
bodiment, the sensors 152, 153 detect the teeth using
magnetic or inductive signals. Each sensor 152,153 is
adapted to detect the presence or absence of the teeth.
In an example of a plate having 250 teeth, each of the
two sensors may generate a signal for the presence of
the teeth and a signal for the absence of the teeth for a
total combined 1,000 signals for each turn of the plate.
Unlike prior known turn counters that use a gear for count-
ing rotations, embodiments of the turn counter 150 di-
rectly measure the number of rotations of the mandrel
110. The use of two signals allows the direction of the
plate to be measured. However, it is contemplated that
the link assembly 108 may use one or more sensors to
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count the number of rotations of the plate or mandrel. In
another embodiment, the sensors 152, 153 may be ad-
justable for proper positioning relative to the plate 151.
For example, one or both of the sensors 152, 153 may
be threadedly attached to the turn counter 150, and thus,
rotated to adjust its position. Additionally, the turn counter
150 may be mounted to the link support housing 113
using an adjustable mounting plate, which may be moved
relative to the rotating plate 151. In another embodiment,
the turn counter 150 may be equipped with a gear for
engaging the rotating plate 151, whereby rotation of the
gear may be used to calculate rotation of the tubular.
[0023] Figures 10A-10D show another embodiment of
a turn counter suitable for use with the link assembly 108
or other gripping tools. Figure 10A is a cross-sectional
view of the turn counter along line A-A in Figure 10C.
Figure 10B is a side view of the turn counter. Figure 10C
top view of the turn counter. Figure 10D is a perspective
view of the turn counter. The turn counter 50 may include
a rotating plate attached to the coupling ring 116 and
rotatable therewith. The plate has a plurality of teeth dis-
posedonits outer perimeter. The turn counter 50 includes
an engagement gear 52 coupled to a transfer gear 53.
The engagement gear 52 is adapted to engage the teeth
of the rotating plate. Rotation of the engagement gear 52
is transferred to the transfer gear 53 which is coupled to
a counting gear 55. The counting gear 55 shares the
same rotational axis as the transfer gear 53. In one em-
bodiment, one or more sensors may be used to measure
rotation of the counting gear 55 to determine the number
of rotations of the tubular. The turn counter 50 may in-
clude a housing 51 to facilitate installation of the turn
counter to the tubular handling apparatus.

[0024] The turn counter 150 also includes one or more
sensors 152, 153 mounted to the non-rotational portion
of the link support housing 113. The sensors 152, 153
are positioned adjacent the plurality of teeth and are
adapted to detect the passing of each tooth. In one em-
bodiment, the sensors 152, 153 detect the teeth using
magnetic or inductive signals. Each sensor 152,153 is
adapted to detect the presence or absence of the teeth.
In an example of a plate having 250 teeth, each of the
two sensors may generate a signal for the presence of
the teeth and a signal for the absence of the teeth for a
total combined 1,000 signals for each turn of the plate.
Unlike prior known turn counters that use a gear for count-
ing rotations, embodiments of the turn counter 150 di-
rectly measure the number of rotations of the mandrel
110. The use of two signals allows the direction of the
plate to be measured. However, it is contemplated that
the link assembly 108 may use one or more sensors to
count the number of rotations of the plate or mandrel. In
another embodiment, the sensors 152, 153 may be ad-
justable for proper positioning relative to the plate 151.
For example, one or both of the sensors 152, 153 may
be threadedly attached to the turn counter 150, and thus,
rotated to adjust its position. Additionally, the turn counter
150 may be mounted to the link support housing 113
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using an adjustable mounting plate, which may be moved
relative to the rotating plate 151. In another embodiment,
the turn counter 150 may be equipped with a gear for
engaging the rotating plate 151, whereby rotation of the
gear may be used to calculate rotation of the tubular.
[0025] Figure 11 is a cross-sectional view of an exem-
plary internal gripping tool 100. The internal gripping tool
includes the mandrel 110, gripping elements 155, and a
hydraulic actuator 160 for actuating the gripping ele-
ments 155. As shown, the gripping elements 155 are
wedge type slips disposed on a mating wedge surface
of the mandrel 110. Axial movement of the slips relative
to the mandrel 110 urges the slips to move radially out-
ward or inward. The internal gripping tool 100 may op-
tionally be equipped with a fill-up tool 158.

[0026] Figure 12 is an enlarged view of an exemplary
hydraulic actuator 160. The actuator 160 includes a hous-
ing 162 having a threaded connection 166 to the mandrel
110. The housing 162 may also be secured to the man-
drel 110 using a spline connection 161 or other suitable
mechanisms such as a pin connection. One or more ac-
tuator cylinders 164 attached to the housing 162 using
bolts 163 are coupled to an actuator pipe 165. The actu-
ator pipe 165 is connected to the gripping elements 155.
Activation of the actuator cylinder 164 urges axial move-
ment of the gripping elements 155 relative to the mandrel
110. A coupling engagement plate (or bumper plate 170)
may also be attached to the hydraulic actuator 160. In
one embodiment, the engagement plate 170 is movable
relative to the actuator 160. Contact with the casing cou-
pling may cause axial movement of the engagement
plate 170. A stop member 178 may be provided to limit
the travel of the engagement plate 170.

[0027] In one embodiment, the hydraulic actuator 160
may be removed from the internal gripping tool as one
assembly. Referring to Figure 12, after removal of the
swivel, the crown nut 176 is removed. The engagement
plate 170 is then removed. Then, the bolts 163 to the
hydraulic cylinder 164 are removed to disengage the ac-
tuator pipe 165 for removal. The engagement plate 170
and the actuator pipe 165 are removed from the bottom
of the internal gripping tool 100. The spline connection
is then removed so that the housing 162 may be un-
threaded from the mandrel 110. Figure 13 shows the
housing 162 after removal. It must be noted that one or
more of these steps may be performed in any suitable
order. Forexample, the bolts 163 may be removed before
the engagement plate 170.

[0028] Figures 14-15 are partial views of an internal
gripping tool provided with a clamp indicator 171 and a
coupling indicator 172. In one embodiment, the clamp
indicator 171 is an elongated member coupled to the ac-
tuator pipe 165 and movable therewith. The clamp indi-
cator 171 has tapered portions along its body to indicate
the position of the gripping elements 155. As shown, the
clamp indicator 171 has an upper portion, a middle nar-
row portion, and a lower portion. A sensor 175 positioned
adjacent the clamp indicator 171 is adapted to send a
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signal indicating the position of the gripping elements
155. In one embodiment, the sensor 175 may include a
sensor head attached to a piston. The piston may move
the sensor head relative to the contour of the indicator
171, thereby determining the position of the indicator 171.
Forexample, when the lower portion is detected, the sen-
sor 175 would send a signal indicating that the gripping
elements 155 are in the retracted, open position, as
shown in Figure 14. As the gripping elements 155 are
extended, the middle narrow portion is moved adjacent
the sensor 175, which will indicate that the gripping ele-
ments 155 are clamped, as shown in Figure 15. As long
as the middle portion is adjacent the sensor 175, the sen-
sor 175 will continue to indicate that the gripping elements
155 are clamped. Figures 16-18 show the sequence of
movement of the clamp indicator 171 relative to the sen-
sor as the gripping elements 155 are extended. In Figure
16, the clamping indicator 171 shows the gripping ele-
ments are in the unclamped position. In Figure 17, the
clamping indicator shows the gripping elements are in
the clamped position as indicated by the sensor 175. In
Figure 18, the upper portion is positioned adjacent the
sensor 175, which indicates that the gripping elements
155 are clamped, but a tubular is not present.

[0029] The couplingindicator 172 may also be an elon-
gated member having tapered portions to indicate the
position of the tubular coupling. A lower end of the cou-
pling indicator 172 is connected to the coupling engage-
ment plate 170 and movable therewith. In one embodi-
ment, the coupling indicator 172 has an upper narrow
portion and a lower wide portion to indicate the absence
or presence of the coupling. The sensor 175 for detecting
clamp indicator 171 may be adapted to also detect the
coupling indicator 172. When the upper narrow portion
is detected, the sensor 175 will signal that the coupling
has not been contacted, as shown in Figure 19A. When
the coupling engages the engagement plate 170 and
causes the plate 170 to move, the lower wide portion will
in turn be moved in position for detection by the sensor
175, which will signal that the coupling has been en-
gaged, as shown in Figure 19B. In one embodiment, a
stop member 178 attached to the actuator housing 162
may limit the movement of the engagement plate 170.
Additionally, the stop member 178 may be adapted to
prevent or release a wedge lock situation. Embodiments
of the wedge lock prevention are disclosed in a provi-
sional patent application filed on the same date as the
present application. The provisional patent application
disclosing the wedge lock prevention methods and ap-
paratus is herein incorporated by reference in its entirety.
Figure 20 is a perspective of the engagement plate 170
with respect to stop member 178.

[0030] Inoneembodiment,the signal fromthe coupling
sensor may be used to prevent or allow movement of the
gripping elements. For example, when the sensor 175
indicates the coupling has not contacted the engagement
plate 170, the gripping elements may be prevented from
actuation. In this respect, the gripping elements are pre-

10

15

20

25

30

35

40

45

50

55

vented from gripping an improper location such as the
coupling. In another example, when the sensor 175 in-
dicates the coupling has contacted the engagement plate
170, the gripping elements will be allowed to grip the
casing. In another embodiment, the signal from the
clamping sensor may be used with an interlock system
to ensure the tubular is not inadvertently released. For
example, when the sensor indicates gripping elements
areinthe open position, the interlock system may prevent
the spider from opening its slips. The interlock system
will not allow the spider from opening until the clamping
indicator sends a signal that the gripping elements have
engaged the tubular.

[0031] Figure 21 is a cross-sectional view of the exter-
nal gripping tool 200. The external gripping tool 200 in-
cludes a mandrel 110 coupled to a carrier 250. The man-
drel 110 has a load collar 211 which may engage an
interior shoulder of the carrier 250. The mandrel 110 may
have a polygonal cross-section such as a square for
transferring torque to the carrier 250. The external grip-
ping tool 200 also includes a plurality of gripping elements
255 and a hydraulic actuator 260 for actuating the grip-
ping elements 255. In one embodiment, the hydraulic
actuator 260 includes a plurality of pistons pivotally cou-
pled to the gipping elements 255. One or more links may
be used to couple the gripping elements 255 to the pis-
tons. The hydraulic actuator 260 may be attached to the
carrier 250 using a threaded connection. In one embod-
iment, the gripping elements 255 are slips disposed in
the carrier 250. Actuation of the hydraulic actuator 260
causes axial movement of the slips relative to the carrier
250. The gripping elements 255 have wedged shaped
back surfaces that engage wedge shaped inner surfaces
of the carrier 250. In this respect, axial movement of the
gripping elements 255 relative to the wedge surfaces of
the carrier 250 causes radial inward movement of the
gripping elements. The gripping elements 255 may be
detached from the actuator 260 and removed through a
window of the carrier 250 or a lower end of the carrier
250. The lower end of the carrier 250 may include a guide
cone 265 to facilitate insertion of the tubular. The external
gripping tool 200 may optionally be equipped with a fill-
up tool 158. Embodiments of the fill-up tool suitable for
use with the external gripping tool or internal gripping tool
are disclosed in a U.S. Patent Application Serial No.
________ , filed on May 5, 2009 by D. Olstad, et al., en-
titled "Fill Up and Circulation Tool and Mudsaver Valve,"
under attorney docketno. WEAT/0885, which application
incorporated herein by reference in its entirety. In one
embodiment, the fill-up tool 158 is attached to a lower
end of the mandrel 110 and is adapted to be inserted into
the tubular. The fill-up tool 158 may include a valve for
control fluid flow into or out of the tool 158.

[0032] A thread compensator 220 may be used to cou-
ple the carrier 250 to the mandrel 110. In Figure 22, the
thread compensator is a biased thread compensator 220
that allows the carrier 250 and its attachments to float
independent of the mandrel 110. In one embodiment, the
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compensator 220 includes an attachment ring such as a
nut 221 threadedly attached to the exterior of the mandrel
110 and a base plate 222 attached to the mandrel 110.
In this respect, the nut 221 and the base plate 222 are
fixed relative to the mandrel 110. A cover 223 is provided
above the base plate 222 and around the nut 221 to sup-
port a plurality of pins 224 that extend through apertures
in the base plate 222. Compression springs 225 are dis-
posed around each pin 224 and between the cover 223
and the base plate 222. In this respect, the springs 225
may exert a biasing force between the cover 223 and the
base plate 222. Alternatively, belleville washers may be
used as the biasing member. Because the base plate
222 is fixed to the mandrel 110, the cover 223 is free to
move up and down relative to the base plate 222 as dic-
tated by the spring 225. The movement of the cover 223
is also referred to herein as floating relative to the base
plate 222 or mandrel 110. The end of the pins 224 pro-
truding from the base plate 222 is connected to the carrier
housing 250. The pins 224 may be connected to the car-
rier 250 using a threaded connection. The pins 224 allow
the carrier 250 to move with the cover 223, and therefore
"float" in accordance with the biasing force applied by
the springs 225. In other embodiments, springs may be
replaced by hydraulic cylinders.

[0033] Figures 23-25 show the position of the carrier
250 relative to the mandrel 110 at different steps during
operation. Under normal operations as shown in Figure
24, the carrier 250 is not supported by the load collar 211
of the mandrel 110. It can be seen in Figure 24 that a
gap exists between the load collar and the carrier 250.
Additionally, the weight of the carrier 250 and its attach-
ments is sufficient application a compressive force on
the springs 225, as illustrated by the gap between base
plate 222 and the top of the carrier 250. Figure 23 shows
the carrier 250 during a pick up operation. During this
operation, a lifting force is applied to the mandrel 110
which overcomes the biasing force of the springs 225.
This allows the mandrel 110 to move relative to the carrier
250, thereby causing the load collar 211 to engage the
shoulders of the carrier 250. It can be seen in Figure 23
that the gap between the load collar 211 and the carrier
250 has been eliminated. Figure 25 shows the carrier
250 when the external gripping tool 200 is on the ground.
In this position, the springs 225 have biased the cover
223 away from the base plate 222 such that the carrier
250 is contacting the base plate 222. It can be seen in
Figure 25 that the gap between the load collar 211 and
the carrier 250 has increased relative to the size of the
gap under normal operations of Figure 24.

[0034] The external gripping tool 200 may also be
equipped with a clamping indicator 271 and a coupling
indicator 272. Figure 26 is a perspective view of the in-
dicators 271, 272 and their respective sensors 274, 275
on the external gripping tool 200. Figure 27 is a cross-
sectional view of the external gripping tool 200. The car-
rier 250 includes a coupling engagement plate 270 for
engagement with the coupling of a tubular. The engage-
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ment plate 270 includes keys 276 that mate with the slots
277 in the carrier 250. The coupling indicator 272 is cou-
pled to the engagement plate 270 and is movable there-
with. The coupling indicator 272 may be an elongated
member having tapered portions to indicate the position
of the engagement plate 270. In one embodiment, the
coupling indicator 272 has an upper narrow portion and
lower wide portion to indicate the absence or presence
of the coupling. A sensor 275 is provided to detect the
position of the coupling indicator 272. When the upper
narrow portion is detected, the sensor 275 will signal that
the coupling has not been contacted. When the coupling
engages the engagement plate 270 and causes the plate
270 to move toward the mandrel 110, the lower wide
portion will in turn be moved in position for detection by
the sensor 275, which will signal that the coupling has
been engaged, as shown in Figure 29. As seen in Figure
29A, the bumper plate 270 has moved relative to the load
collar 211.

[0035] Figures 28 and 28A show the coupling indicator
272 and the clamping indicator 271 in the released po-
sition. With reference to the clamp indicator 271, in one
embodiment, the clamp indicator 271 is an elongated
member coupled to the leveling ring 278 of the hydraulic
actuator 260 and movable therewith. The leveling ring
278 is connected between the clamping cylinders and
the gripping elements. The leveling ring 278 may be used
to ensure that the gripping elements 255 move in unison.
The clamp indicator 271 has tapered portions along its
body to indicate the position of the gripping elements
255. As shown, the clamp indicator 271 has an upper
wide portion and a lower narrow portion. A second sensor
274 positioned adjacent the clamp indicator 271 is adapt-
ed to send a signal indicating the position of the gripping
elements 255. For example, from the release position
shown in Figures 28 and 28A, the hydraulic actuator 260
may be activated to cause the leveling ring 278 and the
gripping elements to move down. In turn, the upper wide
portion is moved adjacent the sensor 275, which will in-
dicate that the gripping elements 255 are clamped, as
shown in Figure 30.

[0036] Figure 31 shows a perspective of a tubular
guide member 290 attached to a lower portion of the ex-
ternal gripping tool 200. The tubular guide member 290
may be used to facilitate insertion of the tubular into the
carrier 250. In one embodiment, the tubular guide mem-
ber 290 is a cone shape guide member having one or
more connection posts 291. The posts 291 are adapted
to engage with an anchor 292 on the carrier 250. In one
embodiment, pins 293 may be used to quickly attach or
release the posts 291 from the anchors 292. The tubular
guide member 290 may optionally a set of pins 294 for
attachment of a smaller sized guide member 290 to ac-
commodate smaller tubular sizes.

[0037] Figure 32 illustrates an exemplary gripping el-
ement 255 suitable for use with the external gripping tool
200. The upper portion of the griping element 255 may
have attachment members such as hooks or rings for
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coupling with the hydraulic actuator 260. The back sur-
face of the gripping element may be wedge shaped for
interacting with the wedge surface of the carrier 250. The
engagement surface of the gripping element 255 may be
provided with a plurality of dies 295. In one embodiment,
a die spacer 297 may be provided to separate the upper
die from the lower die. The die spacer 297 may have an
"L" shape and has a thickness that is greater than the
upper die. The upper die rests on the horizontal portion
to hold the die spacer in position. The back portion of the
die spacer 297 rests on the housing of the gripping ele-
ment 255. In this respect, the die spacers 297 may trans-
fer load from the upper die to the housing.

[0038] A guide pin 296 may be provided on the side
wall of the housing to control the position of the gripping
element 255 in the carrier 250. Referring to Figure 33,
the guide pins 296 may be disposed in grooves formed
in the torque bars of the carrier 250. The torque bars are
positioned between adjacent gripping elements 255. The
guide pins 296 prevent the gripping elements 255 from
pivoting inward, thereby maximizing the opening in the
carrier 250 for receiving the tubular.

[0039] Figures 34A-34D illustrate an exemplary fill-up
tool connection for connecting the fill-up tool to the man-
drel 110 of the external clamping tool 200. The fill-up tool
mandrel 257 may have keys 256 that provide a positive
lock with a bore in the gripping tool mandrel 110. Addi-
tionally, a retention bolt 259 may be inserted radially
through the gripping tool mandrel 110 and the fill-up tool
mandrel 257.

SWIVEL

[0040] Figures 35 and 36 show another embodiment
of a swivel 305. The swivel 305 is suitable for use with
the tubular handling apparatus described hereinand may
replace the swivel 105 described with respect to Figures
7 and 8. The swivel 305 may be operable between a
casing mode and a drilling mode. Figures 35 shows the
swivel 305 in the casing mode, and Figure 36 shows the
swivel 305 in the drilling mode.

[0041] The swivel 305 includes an outer body 331, an
inner body 332, and upper and lower bearings 333, 334.
The inner body 332 may be connected to the mandrel
110 using a spline connection 135. In this respect, the
inner body 332 may rotate with the mandrel 110. Alter-
natively, the inner body 332 may be connected to the
mandrel using a pin connection. The outer body 331 is
coupled to the link support housing using a connector
such as a torque bolt. In this respect, the outer body 331
may remain stationary with the link support housing dur-
ing rotation of the mandrel 110 and the inner body 332.
In one embodiment, the swivel 305 may include one or
more sensors for measuring the torque applied to the
mandrel during its rotation.

[0042] The swivel 305 includes a seal bushing 340 dis-
posed between the outer body 331 and the inner body
332. The seal bushing 340 includes one or more ports
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341, 342 in selective fluid communication with one or
more channels 351, 352 of the inner body 332. For ex-
ample, afirst port 341 may be in fluid communication with
a first channel 351 to supply fluid to a connected tool
such as the tubular handling apparatus, and a second
port 342 may be in fluid communication with a second
channel 352 to expel fluid from the tool.

[0043] The seal bushing 340 is axially movable relative
to the inner body 332. Figure 35 shows the seal bushing
340in the lower position for operation in the casing mode.
Figure 36 shows the seal bushing 340 in the upper po-
sition for operation in the drilling mode. In one embodi-
ment, movement of the seal bushing 340 is hydraulically
actuated. However, electric, mechanic, or pneumatic ac-
tuations of the seal bushing 340 are also contemplated.
The seal bushing 340 include a first actuation channel
361 for supplying fluid out of the top of the seal bushing
340 to urge the seal bushing 340 to move downward.
The seal bushing 340 also includes a second actuation
channel 362 for supplying fluid out of the bottom of the
seal bushing 340 to urge the seal bushing 340 to move
upward. In another embodiment, the seal bushing 340
may be moved using a manual switch, a piston and cyl-
inder assembly, or any suitable switching mechanism.
The seal bushing may also be remotely controlled. In one
embodiment, the seal bushing 340 may be locked into
position. For example, a ball and detente assembly may
be used to maintain the seal bushing 340 in position. An
optional indicator may be used to indicate the position of
the seal bushing 340. Exemplary indicators include a
color marker or a pin. In one embodiment, seals may be
positioned between an exterior surface of the seal bush-
ing 340 and the outer body 331.

[0044] The seal bushing 340 includes one or more
seals 365 disposed on aninside surface. The one or more
seals 365 engage or disengage from the inner body 332
depending on the position of the seal bushing 340. In one
embodiment, the seal bushing 340 isin the casing (lower)
mode when the inner body is at low rotational speeds or
is stationary. In the casing mode, the seals 365 are en-
gaged with an outside surface of the inner body 332 to
prevent leakage of fluid at the interface between the port
341,342 andthe channel 351, 352, asiillustrated in Figure
35A. In this respect, fluid may be supplied to operate the
tubular handling apparatus during casing mode. The seal
bushing 340 may be placed in the drilling (upper) mode
during higher rotational speeds. In the drilling mode, the
seals 365 are positioned adjacent a respective groove
on an outer surface of the inner body 332, whereby the
seals 365 do not contact the innerbody 332, as illustrated
in Figure 36A. In this respect, the seals 365 are disen-
gaged from the inner body 332. When the seals are dis-
engaged, the inner body 332 may rotate relative to the
outer body 331 without contacting the seals 365, thereby
prolonging the service life of the seals 365. During drilling,
the tubular gripping apparatus typically remains in a
gripped position such that fluid is not expected to be sup-
plied fluid through the swivel 305 to operate the tubular
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gripping apparatus. In an alternative embodiment, the
seals may be disposed on inner body 332 and the groove
formed on the seal bushing 340. In one embodiment, a
valve may be provided to ensure the fluid pressure of the
tubular gripping apparatus in the gripped positionin main-
tained. It must be noted that the swivel 305 may operate
in the casing mode during drilling or higher rotational
speed operations, even though the drilling mode is pre-
ferred at higher speeds to reduce wear on the seals 365.
In one embodiment, the casing mode may be selected
for operations at less than 50 rpm, and the drilling mode
may be selected for operations at more than 50 rpm. In
another embodiment, the mode of the swivel 305 may
depend on the pending operation. For example, the swiv-
el 305 may be in the casing mode during casing running
operations and may switch to the drilling mode for drilling
operations.

[0045] In another embodiment, movement of the seal
bushing 340 may be linked to a controller. The controller
may allow or prevent movement of the seal bushing 340
in response to certain conditions. In one embodiment,
the controller may allow or prevent movement of the seal
bushing 340 in response to the rotational speed of the
inner body 332. For example, the controller may prevent
the seal bushing 340 to move to the casing mode when
the rotational speed is relatively high. In another exam-
ple, the controller may allow the seal bushing 340 to move
to the drilling mode when the rotational speed reaches a
certain threshold level. In yet another example, the con-
troller may prevent the seal bushing 340 from switching
modes when there is pressure in the channels.

[0046] In operation, the swivel 305 may be used with
tubular gripping apparatus for casing running and/or drill-
ing operations. During casing running, the swivel 305 is
operated in the casing mode such that fluid may be sup-
plied through the ports 341, 342 of the seal bushing 340
to operate the tubular gripping apparatus. The tubular
gripping apparatus may be operated between an open
or closed position to grip or release a tubular such as
casing. Initially, the tubular gripping apparatus may grip
a casing and place in alignment with a casing string in
the spider. The casing is rotated into threaded connection
with the casing string. The casing is rotated by transfer-
ring rotation from the top drive through the inner body
332 to the tubular gripping apparatus. The swivel 305
may remain in the casing mode during rotation of the
tubular gripping apparatus to connect the casing to the
casing string. After connection, the swivel 305 may switch
to the drilling mode in anticipation of the higher rotational
speed. The seal bushing 340 is moved relative to the
inner body 332 to place the seals 365 adjacent the
grooves 368 of the inner body 332, whereby the seals
365 are disengaged. Thereafter, the tubular gripping ap-
paratus may be rotated to urge the casing string into the
formation. The seal bushing 340 may switch back to the
drilling mode when rotation is completed. In another em-
bodiment, the seal bushing 340 may operated in the cas-
ing mode through the casing running and drilling process.
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THREAD COMPENSATION

[0047] Figures 37-40 show another embodiment of a
thread compensator 520. The thread compensator 520
is suitable for use with the tubular handling apparatus
described herein and may replace the thread compen-
sator 220 described with respectto Figure 22. The tubular
handling apparatus includes a mandrel 110 coupled to a
carrier 250. A swivel 305 such as the swivel shown in
Figure 35 and 36 disposed above the mandrel. A link
support housing 113 of a link assembly 108 such as the
link assembly shown in Figure 3 is attached to the man-
drel 110 above the swivel 305. In another embodiment,
the tubular handling apparatus may be provided with a
torque measuring device. An exemplary torque sub is
disclosed in U.S. Patent Application Serial No.
11/741,330, filed on April 27, 2007 by M. Jahn et al,,
which application is incorporated herein by reference in
its entirety, including Figures 6-61 and their respective
description. In one embodiment, the torque measuring
device includes a torque shaft rotationally coupled to the
top drive, a strain gage disposed on the torque shaft for
measuring a torque exerted on the torque shaft by the
top drive, and an antenna in communication with the
strain gage. As shown in Figure 37, the mandrel 110 may
serve as the torque shaft for the torque measuring device.
The strain gage may be at least partially disposed in the
recessed diameter portion of the mandrel 110. The
torque measuring device may also include a turns coun-
ter for measuring rotation of the tubular and a stationary
antenna in electromagnetic communication with the
torque sub antenna. The turns counter and the stationary
antenna may be located at a stationary position relative
to the top drive. The torque measuring device may also
include a computer is located at a stationary position rel-
ative to the top drive. The computer is in communication
with the stationary antenna and the turns counter. The
computer may be configured to monitor the torque and
rotation measurements during rotation of the tubular; to
determine acceptability of the threaded connection; and
to stop rotation of the tubular when the threaded connec-
tion is complete or if the computer determines that the
threaded connection is unacceptable.

[0048] Figure 37 show the thread compensator 520 in
the partially retracted position, and Figure 38 shows the
thread compensator 520 in the extended (or drilling) po-
sition. The thread compensator 520 may be used to cou-
ple the carrier 250 to the mandrel 110. In one embodi-
ment, the thread compensator 520 includes a lift ring 525
connected to an upper portion of the carrier 250. The lift
ring 525 may include an inner lift ring 525a coupled to an
outer lift ring 525b. The inner lift ring 525a includes a
track 535 defined by an upper ring plate and a lower ring
plate. The outer lift ring 525b includes one or more rollers
530 disposed inside the lift ring 525 and movable in the
track 535. A rotational axis of the rollers 530 is directed
along a radius of the inner lift ring 525a. The rollers 530
and the track 535 allow the inner lift ring 525a to rotate
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relative to the outer lift ring 525b. In one embodiment,
the axle 535 of the roller 530 may include a port for in-
jecting lubricant to the rollers 530, as illustrated in Figure
39.

[0049] Referring to Figure 38, the outer lift ring 525b
is coupled to the link support housing 113 of the link as-
sembly 108 using one or more compensation cylinders
540. In this respect, the compensation cylinders 540 do
not rotate with the carrier 250. In one embodiment, each
compensation cylinder 540 includes a cylinder housing
541 coupled to a cylinder piston 542. The cylinder hous-
ing 541 is connected to the link support housing 113 and
the cylinder piston 542 is connected to the outer lift ring
525b. In one embodiment, the cylinder housing 541 and
cylinder piston 542 connections may be pivotal or fixed.
The cylinder 540 may be retracted to lift the lift ring 525
and the carrier 250 and extended to lower the lift ring 525
and the carrier 250. The pivotal connections allow the
cylinder 540 to move in two dimensions relative to the
link support housing 113 to help reduce the bending
stress on the cylinder 540 during operation, such as when
the liftring tilts. The thread compensator 520 may include
three, four, or any suitable number of cylinders 540 to
facilitate the movement of the carrier 250. The thread
compensator 520 may be equipped with any suitable
number of rollers 530, such as six or eight rollers 530.
[0050] In one embodiment, the thread compensator
520 may optionally include one or more torque bars 550
disposed between the link support housing 113 and the
outer lift ring 525b. The torque bars 550 may be adapted
to retract or extend with the compensation cylinders 540.
The torque bars 550 may be disposed circumferentially
on the outer lift ring 525b and between two compensation
cylinders 540. The torque bars 550 preferably do not use
pivotal connections. In this respect, the torque bars 550
may limit the tilt the lift ring 525 may experience during
movement. Also, the torque bars 550 may absorb reac-
tion torque experienced by the outer lift ring 525b as a
result of the rotation of the inner lift ring 525a. In another
embodiment, the thread compensator 520 may optionally
include compression springs to assist with maintaining
the lift ring leveled.

[0051] Figures 40-43 shows the thread compensator
520 in various stages of thread compensation. Figure 40
shows the thread compensator 520 in the extended po-
sition and prior to receiving a tubular. In this position,
carrier 250 is supported by the load collar 211 of the
mandrel 110. The load collar 211 is at maximum sepa-
ration distance from the bumper plate 170. The separa-
tion distance also represents the maximum stroke dis-
tance available for thread compensation. Figure 41
shows the tubular 501 positioned in the tubular gripping
apparatus and gripped by the slips. The tubular is in con-
tact with the bumper plate 170 of the carrier 250. In this
position, the compensator 520 is ready to retract the car-
rier 250 and the tubular in preparation for thread com-
pensation.

[0052] Figure 42 shows the carrier 250 in a retracted

10

15

20

25

30

35

40

45

50

55

1"

position relative to the mandrel 110. The carrier 250 is
retracted by retracting the compensation cylinders 540
when the top drive is lowered toward the tubular 501. In
this position, the load collar 211 is no longer supporting
the carrier 250. Instead, the compensation cylinder 540
is now supporting the carrier 250 and the gripped tubular.
The carrier 250 may be retracted a distance that is suf-
ficient to allow the threaded connection to be completed.
For example, the carrier 250 may be retracted for a dis-
tance that is at least equal to the length of the threaded
connection. In one embodiment, the carrier 250 is par-
tially retracted such that a gap still exists between the
load collar 211 and the bumper plate 170. The gap allows
the carrier 250 to move axially relative to the mandrel
110 to release tubular, if necessary, thereby avoiding a
wedge lock condition. Figure 42A is an exploded view of
the thread compensator in a partially retracted position.
It can be seen that the roller 530 is in contact with the
upper portion of the track 535 such that the compensation
cylinder 540 may exert a lifting force on the carrier 250
during tubular make-up. In one example, the compensa-
tion cylinder 540 may retract the carrier 250 a distance
of about 50% to 95% of the stroke distance; preferably,
about 65% to 85%. For example, if the stroke distance
for retraction is 8 inches, then the compensation cylinder
540 may retract the carrier 250 a distance of 6 inches in
preparation for the thread compensation. A gap 560 of
about 2 inches remains between the collar 211 and the
bumper plate 170. The retraction distance may be atleast
the length of the threads. If a torque bar 550 is used, the
torque bar 550 will retract with the compensation cylin-
ders 540. Figure 42B is an exploded view of the thread
compensator 520 in a fully retracted position. As shown,
the load collar 211 of the mandrel 110 is in contact or
close to contacting the bumper plate 170 in the carrier
250.

[0053] Figure 43 shows the thread compensator 520
in the drilling position. In this position, the tubular thread
connection has been completed. The thread compensa-
tor 520 has returned to the fully extended position where
the carrier 250 is in contact with the collar 211. In this
respect, the weight of the connected tubular string is sup-
ported by the collar 211. Also, torque from the top drive
may be transferred to the carrier 250 to rotate the tubular
string for drilling operations. Figure 43A is a partial ex-
ploded view of the thread compensator 520 in the drilling
position. In one embodiment, the compensation cylinder
540 is adapted to position the roller 530 in location where
the roller 530 does not contact the upper portion of the
inner lift ring 525a. This separation prevents overheating
between the roller 530 and the inner lift ring 525a during
rotation of the mandrel 110 and the carrier 250 while drill-
ing. Itis contemplated that the roller 530 may contact the
inner lift ring 525a during drilling operations.

WEDGE LOCK PREVENTION

[0054] Figure 44 shows a partial view of another em-
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bodiment of the tubular gripping apparatus equipped with
a wedge lock release mechanism 620. The tubular grip-
ping apparatus is shown with the mandrel 610 supporting
the carrier 650. The bumper plate 670 is positioned inside
the carrier 650 for engagement with the tubular. Engage-
ment with the tubular may cause the bumper plate 670
to move axially relative to the carrier 650. In one embod-
iment, the bumper plate 670 is coupled to the carrier 650
using guiding elements 675 that are movable in a slot
655 of the carrier 650.

[0055] The release mechanism 620 acts as a stop
member for limiting the upward movement of the guiding
elements 655 and the bumper plate 670. In one embod-
iment, the release mechanism 620 includes an anchor
622 attached to the carrier 650. The anchor 622 may be
attached using welding or other suitable methods of at-
tachment. In another embodiment, the anchor 622 and
the carrier 650 may be formed from one piece of steel or
other suitable material. An engagement member 624 is
coupled to the anchor 622 using a connection device 626
such as a screw. The engagement member 624 has a
wedge surface that is movable along a wedge surface of
the anchor 622. Movement of the engagement member
624 is controlled by releasing the screw 626. An optional
rubber bumper 628 releasably attached to the engage-
ment member 624 may be provided for engagement with
the guiding element 675. The rubber bumper 628 may
be exchanged as it wears down from use.

[0056] The tubular gripping apparatus may optionally
include a coupling detection system for indicating pres-
ence of a coupling. The coupling detection system in-
cludes a coupling indicator 632 connected to the guiding
elements. The coupling indicator 632 may be similar to
the coupling indicator 632 described with respect with
Figures 15-17. The coupling indicator 632 may be an
elongated member having tapered portions to indicate
the position of the tubular coupling. A lower end of the
coupling indicator 632 is connected to the coupling en-
gagement plate 670 and movable therewith. In one em-
bodiment, the coupling indicator 632 has an upper narrow
portion and a lower wide portion to indicate the absence
or presence of the coupling. A sensor 635 may be adapt-
ed to read the coupling indicator 632 to determine the
presence or absence of the coupling in a similar manner
as the sensor 175. Figure 45 shows the position of the
indicator 632 when the guiding element is contacting the
rubber bumper 628. Figure 46 is a partial exploded view
of Figure 45.

[0057] Figures 47-50 are partial exploded views of the
tubular gripping apparatus in operation. In Figure 47, the
tubular gripping apparatus has been lowered until the
bumper plate 670 engages the casing 601. In one em-
bodiment, the tubular gripping apparatus is lowered with
the thread compensator 520 activated. In this respect, a
substantial portion of the weight of the carrier is borne
by the thread compensator 520, while the remainder is
borne by the shoulder of the mandrel 610. The thread
compensator 520 may hold at least 85% of the weight;
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preferably, atleast 95%. As shown, the bumper plate 670
is at the lower end of the slot 655 and has not engaged
the release mechanism 620. In this position, further low-
ering of the apparatus will lower the carrier 650 relative
to the bumper plate 670, which is resting on top of the
casing 601.

[0058] Figure 48 shows the tubular gripping apparatus
being lowered further. The carrier 650 has moved relative
to the bumper plate 670, thereby causing the guiding
elements 675 to engage rubber bumper 628 of the re-
lease mechanism 620. In this position, further lowering
of the apparatus will lower the mandrel 610 relative to
the carrier 650. Also, a substantial portion of the weight
of the carrier continues to be borne by the thread com-
pensator 520, while the remainder is now borne by the
bumper plate 670. The thread compensator 520 may hold
at least 85% of the weight; preferably, at least 95%. In
addition, the coupling indicator 632 has moved up with
the bumper plate 670, which movement is detected by
the sensor 635.

[0059] Figure 49 shows the mandrel 610 relative to the
carrier 650 after the lowering of the tubular gripping ap-
paratus has stopped and in anticipation of the thread
compensation. As shown, the mandrel 610 is not in con-
tact with the bumper plate 670. The distance between
the load shoulder of the mandrel 610 and the shoulder
of the carrier 650 may be used for thread compensation.
In one embodiment, a sensor may be provided to meas-
ure the optimal distance (i.e., the minimal distance re-
quired for thread compensation) has been reached. In
another embodiment, a sensor may be provided to warn
the distance is insufficient to avoid contact of the mandrel
610 with the bumper plate 670.

[0060] Figure 50 shows the situation where the man-
drel 610 is contacting the bumper plate 670. This may
occur after the casing has been made up and when a
push force is applied to the casing string using the tubular
gripping apparatus. This position allows axial force to be
applied to the casing string without loading the gripping
elements.

[0061] When the situation shown in Figure 50 occurs,
the carrier 650 cannot move upward to release the grip-
ping elements. This situation may be referred as a
"wedge lock" condition. To remedy this situation, the
screw 626 may be released from the anchor 622. Figure
51 shows the screw 626 in the unreleased position. Fig-
ure 52 shows the screw 626 in the released position. As
the screw 626 is released from the anchor 622, the en-
gagement member 624 is moved along the wedge sur-
face and away from the guiding elements 675, thereby
creating a space 660 between the rubber bumper 628
and guiding elements 675. The space 660 allows the
carrier 650 to move axially relative to the gripping ele-
ments, thereby releasing the gripping elements from the
casing.

[0062] In addition to casing, aspects of the present in-
vention are equally suited to handle tubulars such as drill
pipe, tubing, and other types of tubulars known to a per-
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son of ordinary skill in the art. Moreover, the tubular han-
dling operations contemplated herein may include con-
nection and disconnection of tubulars as well as running
in or pulling out tubulars from the well.

[0063] In another embodiment, a swivel is provided for
use with a top drive system. The swivel includes a mech-
anism to selectively engage and disengage the seals.
When the seals are engaged, the swivel may transmit
fluid between an inner body and an outer body. In one
embodiment the seals are engaged during low rotational
speed operations and disengage during high rotational
speed operations. Disengagement of the seals during
high speed rotations may extend the service life of the
seals.

[0064] In another embodiment, a thread compensator
is provided for use with a top drive system. The thread
compensator is adapted to move the carrier relative to
the mandrel of the tubular gripping apparatus. In one em-
bodiment, the thread compensator uses one or more ex-
tendable cylinders for axial movement of the carrier. One
end of the cylinders may be attached to stationary portion
of the tubular gripping apparatus and another end of the
cylinder may be attached to a rotatable portion of the
tubular gripping apparatus.

[0065] In another embodiment, a wedge lock release
mechanism is provided for use with the tubular gripping
apparatus. In one embodiment, release mechanism is
operable to create a space between the mandrel and the
bumper plate to facilitate the release of the gripping ele-
ment.

[0066] While the foregoing is directed to embodiments
of the present invention, other and further embodiments
of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is deter-
mined by the claims that follow.

Claims

1. Atubular handling assembly for use with a top drive,
comprising:

a mandrel coupled to the top drive;

an actuator for moving gripping elements be-
tween a tubular gripping position and a tubular
releasing position;

a tubular engagement member for engaging a
tubular;

a clamping indicator coupled to the gripping el-
ements for indicating a position of the gripping
elements; and

a coupling indicator coupled to the engagement
member for indicating a position of the tubular,
the coupling indicator including a longitudinally
movable elongated member having spaced
apart tapered portions and a sensor linked to
the elongated member for transverse movement
relative thereto in response to engagement with
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the tapered portions.

2. The assembly of claim 1, wherein the clamping in-
dicator comprises a pin having at least two widths.

3. The assembly of claim 1 or 2, wherein the clamping
indicator is coupled to an actuator pipe and move-
able therewith, the actuator pipe connected to the
gripping elements.

4. Theassembly ofclaim 1,2 or 3, wherein the gripping
elements include wedge shaped slips, and are op-
tionally adapted to move radially inward and out-
ward.

5. The assembly of claim 4, wherein the tubular grip-
ping position is radially inward of the tubular releas-
ing position.

6. The assembly of any preceding claim, further com-
prising a levelling ring coupled to the clamping indi-
cator and movable therewith.

7. The assembly of any preceding claim, wherein the
sensor includes a sensor head attached to a piston,
the piston optionally moving the sensor head relative
to a contour of at least one of the clamping indicator
and the couplingindicator, and/or wherein the sensor
head is adapted to move along a contour of the elon-
gated member to indicate the position of the tubular.

8. The assembly of any preceding claim, wherein the
coupling indicator is movable with the engagement
member.

9. A method of handling a tubular, comprising:

providing a tubular handling assembly having
gripping elements and a tubular engagement
member;

determining a position of the tubular relative to
the tubular engagement member using a cou-
pling indicator, the coupling indicator including
a longitudinally movable elongated member
having spaced aparttapered portions and a sen-
sor linked to the elongated member for trans-
verse movement relative thereto in response to
engagement with the tapered portions;
actuating the gripping elements to engage the
tubular; and

determining a position of the gripping elements
using a clamping indicator.

10. The method of claim 9, wherein the gripping ele-
ments are axially movable.

11. The method of claim 9 or 10, further comprising en-
gaging a stop member with the engagement mem-



25 EP 3 121 367 A2
ber.

12. The method ofclaim 9, 10 or 11, wherein determining
a position of the tubular comprises measuring a con-
tour of the coupling indicator. 5

13. A method of handling a tubular, comprising:

positioning the tubular in a mandrel having grip-
ping elements and a tubular engagement mem- 70
ber;

contacting the tubular with the tubular engage-
ment member;

actuating the gripping elements to engage the
tubular; 15
actuating a clamping indicator having tapered
portions to indicate a position of the gripping el-
ements; and

actuating a coupling indicator having a longitu-
dinally movable elongated member having 20
spaced apart tapered portions to indicate a po-
sition of the tubular relative to the tubular en-
gagement member and a sensor linked to the
elongated member for transverse movement
relative thereto in response to engagement with 25
the tapered portions.

14. The method of any of claims 9 to 13, wherein the
clamp indicator is coupled to an actuator pipe and
moveable therewith, the actuator pipe connectedto 30
the gripping elements, and/or the coupling indicator
is movable with the engagement member.

15. The method of any of claims 9 to 14, wherein the
sensor includes a sensor head attached to a piston, 35
and wherein the sensor head is adapted to move

along a contour of the elongated member to indicate
the position of the tubular.
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