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ABSTRACT

Embodiments of the present disclosure relate to a slip apparatus and methods of using
same. The slips apparatus is configured to grip and hold a portion of a tubular, or a
string of tubulars, within a central bore of the slips apparatus so that a tubular can be
added or removed from the string of tubulars during drilling or other operations at a

well.
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SLIP APPARATUS AND METHODS OF USING SAME
TECHNICAL FIELD

[0001] This disclosure generally relates to drilling and completing a well. In
particular, the disclosure relates to a slip apparatus and methods for using same in the

making and breaking of a string of connected tubulars within the well.

BACKGROUND

[0002] Drilling a well for capturing subterrancan hydrocarbons involves
coupling and decoupling tubulars to make and break down a string of tubulars. In
many drilling rigs, a rotary table is used to provide torque to the drilling string as it is
being advanced into the well bore and as it is being withdrawn from the wellbore. As
an individual tubular is being added or removed from the drill string, the tubing string
must be temporarily supported so that further rig components can be used to couple or

decouple the next tubular in the string.

[0003] Slips are known devices that are used to temporarily support the drill
string. Some slips are manually applied and others can have powered actuators to
move them between a gripping position and a non-gripping position. In the gripping
position, the slips grip the outer surface to support the tubular to which an individual
tubular is being coupled or from which an individual tubular is being decoupled. In the
non-gripping position, the slips are retracted and sometimes removed to allow the

tubing string to be supported by other rig components.

[0004] Typically when slips are in the gripping position, the weight of the string
of tubulars causes the slips to move downwardly, which increases the gripping force,
also referred to herein as a clamping force, applied to the gripped tubular. However, in
some instances the weight of the string of tubulars is insufficient to increase the
gripping force, which can result in the string of tubulars moving into the well bore

below in an undesired fashion.

[0005] Furthermore, when known slips are in the non-gripping position there

can be incidents where the tubular within the slips is rotating off-center, which can
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result in the rotating tubular striking the slips causing damage to both the tubular and
the slips.

SUMMARY

[0006] The embodiments of the present disclosure provide a slip apparatus,
which may also be referred to herein as a slips apparatus, that is suitable for use in a rig
positioned above a portion of an oil and/or gas well. The rig includes at least a rotary
table for imposing rotational forces upon a string of tubulars that are being inserted into
or removed from the well below by moving through a central bore that is defined by the
slip apparatus. The slip apparatus is useful when the string of tubulars is being
extended by coupling of one or more tubulars to the top of the string, above the rotary
table. The slips are also useful when a portion of the string of tubulars is being
shortened, by decoupling one or more tubulars from the top of the string, above the

rotary table.

[0007] In some embodiments of the present disclosure, the slip apparatus is
connectible with a rotary table, the slips apparatus comprises at least two opposed non-
gripping components, each defining an inner surface that define a central bore. The
slips apparatus also includes at least two opposed gripping components that each define
an outer surface and an inner surface. The outer surfaces are moveable at least partially
along the inner surface of an associated non-gripping component between a first
position and a second position. The slips apparatus also includes at least two actuator
assemblies, each of which is operatively configured to move one of the at least two
opposed gripping components between the first position and the second position. In the
first position, each of two opposed gripping components is positioned at an oblique
angle, also referred to as a non-parallel angle, relative to a central axis of the central
bore, and in the second position each of the two opposed gripping components is
positioned substantially parallel to the central axis and the at least two opposed
gripping components are configured to grip a portion of an outer surface of a tubular

that is positioned within the central bore.

[0008] In some embodiments of the present disclosure, a method for operating

the slips apparatus is provided. The method comprises the steps of: positioning a
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tubular within a central bore of a slips apparatus along a central axis when at least two
opposed gripping components of the slips apparatus are in a first position that is at an
oblique angle, also referred to as a non-parallel angle, relative to the central axis; and,
actuating the slips apparatus so that at least two opposed gripping components are in a
second position that is substantially parallel to the central axis and the at least two
opposed gripping components are configured to grip a portion of an outer surface of the

tubular.

[0009] Without being bound by any particular theory, the slips apparatus
comprises one or more actuators that are each configured for moving gripping-
components of the slips apparatus between a first position and a second position. The
slips apparatus is in the first position when the gripping components are positioned
further from a central axis of the slips apparatus than when the gripping components are
in the second position and when an upper portion of the gripping components are
positioned further away from the central axis than a lower portion of the same gripping
components. In some embodiments of the present disclosure, when the slips apparatus
is in the first position, the gripping components are raised compared to when the slips
apparatus is in the second position. In the first position, the faces of the gripping
components are configured to be not parallel to each other and substantially not parallel
to the central axis. When the slips apparatus is in the first position, a tubular can move
through the central bore defined by slips apparatus, substantially along the central axis.
When the slips apparatus is in the second position, the gripping components are
configured to connect and grip the outer surface of a tubular within the central bore,

thereby supporting the tubular and any string of tubulars below the slips apparatus.

[0010] In some embodiments of the present disclosure, the slips apparatus
further comprises a positioning assembly positioned between a gripping component and
a stationary component. The positioning assembly is configured to facilitate moving

the gripping component between the first position and the second position.

[0011] As will be appreciated by those skilled in the art, when a tubular that is
positioned within a known slips-apparatus it can rotate, generally about the central axis

of the known slips-assembly, about a longitudinal axis of the tubular, or about both
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axes. In some instances, the tubular may rotate about an axis that is neither central axis
of the known slips-apparatus nor the longitudinal axis of the tubular. When the tubular
is rotating in this fashion, the outer surface of the tubular can strike against gripping
components, or other components, of the known slips-apparatus. These strikes can
damage the tubular and the slips apparatus thereby increasing the costs associated with
monitoring, maintenance and replacement of damaged tubulars and/or components of
the known slips-apparatus. In contrast, when the slips apparatus of the present
disclosure are used and when the slips apparatus are in the first position this may
decrease the instances of strikes between a rotating tubular and the slips apparatus.
This can decrease the instances of strikes and increase the operational life of the

tubulars and the slips apparatus, as compared to when known slips-apparatus are used.

[0012] As will be appreciated by those skilled in the art, known slips-apparatus
impart a clamping force on the outer surface of a tubular within the central bore. The
amplitude of the clamping force can be increased when the slips apparatus has initially
engaged the tubular but then weight of the tubular, or the tubing string therebelow,
causes the gripping components to move downwardly and inwardly to further engage
and grip the tubular. However, if the tubular, or tubing string, is of an insufficient
weight the gripping components of the known slips-apparatus may not fully grip the
tubular within the central bore. This may be referred to as being “pipe light” and it can
result in the tubular, or tubing string, slipping downwardly into the well below. In
some instances of a pipe-light scenario, the tubular may slip and be lost below the slips
apparatus, which can cause significant costs in downtime and recovery operations. In
contrast, some embodiments of the present disclosure provide a slips apparatus that
comprises two or more sections of gripping components and one or more actuator
assemblies. FEach actuator assembly is configured to move a section of gripping
components between the first position and the second position. Without being bound
by any particular theory, each actuator assembly can increase a gripping force exerted
on the outer surface of the tubular by the gripping components, regardless of the weight
of the tubular, or the tubing string. This may reduce the incidence of the tubular
slipping and the related costs.
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[0013] In some embodiments of the present disclosure, the slips apparatus
comprises one or more actuator assemblies and each actuator assembly comprises an
actuator that is couplable at a first end to a gripping component by a first pivotable
connection and at a second end to an associated slip block assembly by a second
pivotable connection. In some embodiments of the present disclosure, the first
pivotable connection and/or the second pivotable connection each have more than one
degree of freedom. In some embodiments of the present disclosure, the second

pivotable connection is able to swivel, tilt and or pivot.

[0014] In some embodiments of the present disclosure, the actuator assembly
generates a moving force that is applied in a first direction upon a substantially flat
surface of one or more gripping components. When the moving force is applied in the
first direction, the one or more gripping components move from the first position
towards the second position. In some embodiments of the present disclosure, the first
direction is a substantially straight direction towards or away from a center of the

central bore that is defined by the slips apparatus.

[0015] In some embodiments of the present disclosure, the slips apparatus
comprises a cam assembly that is formed between a first cam feature that is defined
upon a non-gripping component and a second cam feature that is defined upon a
gripping component. The first cam feature and the second cam feature are configured
to mate and form the cam assembly, which is configured to direct movement of the
gripping features between the first position and the second position. In some
embodiments of the present disclosure, the cam assembly can slidingly guide
movement of the gripping components between the first position and the second

position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other features of the present disclosure will become more
apparent in the following detailed description in which reference is made to the

appended drawings.
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[0017] FIG. 1 is an isometric view of a portion of a rotary table and a slips

apparatus, according to embodiments of the present disclosure.

[0018] FIG. 2 shows further views of the rotary table and the slips apparatus of
FIG. 1, wherein FIG. 2A shows a top-plan view of the rotary table and the slips
apparatus; FIG. 2B shows a cross-sectional view of the rotary table and the slips
apparatus taken through line A-A in FIG. 2A.

[0019] FIG. 3 is a partial cross-sectional view of the rotary table and the slips
apparatus taken through lines A!-A! in FIG. 2A.

[0020] FIG. 4 is an isometric view of the slips apparatus of FIG. 1, according to
embodiments of the present disclosure, wherein FIG. 4A shows the slips apparatus in a

first position; and, FIG. 4B shows the slips apparatus in a second position.

[0021] FIG. 5 shows further views of the slips apparatus, according to
embodiments of the present disclosure, in the first position, wherein FIG. SA shows a
top-plan view of the slips apparatus; FIG. 5B shows an isometric view with one section
of the slips apparatus not shown; and, FIG. 5C shows a cross-sectional view taken

through line B-B in FIG. SA.

[0022] FIG. 6 shows further views of the slips apparatus of FIG. 5 in the second
position, wherein FIG. 6A shows a top-plan view of the slips apparatus; FIG. 6B shows
an isometric view with one section of the slips apparatus not shown; and, FIG. 6C

shows a cross-sectional view taken through line C-C in FIG. 6A.

[0023] FIG. 7 shows further views of one section of the slips apparatus of FIG.
5 in the first position, wherein FIG. 7A shows a top-plan view of the section; FIG. 7B
shows an isometric view of the section; and, FIG. 7C shows a cross-sectional view

taken through line D-D in FIG. 7A.

[0024] FIG. 8 shows further views of one section of the slips apparatus of FIG.
6 in the second position, wherein FIG. 8A shows a top-plan view of the section; FIG.
8B shows an isometric view of the section; and, FIG. 8C shows a cross-sectional view

taken through line E-E in FIG. 8A.
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[0025] FIG. 9 is an isometric, partially exploded view of the section of FIG. 7.

[0026] FIG. 10 shows further views of a die carrier and a die set, according to
embodiments of the present disclosure, wherein FIG. 10A is a top-plan view of the die
carrier and die set; FIG. 10B is a bottom-plan view of the die carrier and the die set;
FIG. 10C is a front-elevation view of the die carrier and the die set; FIG. 10D is a back-
elevation view of the die carrier and the die set; and, FIG. 10E is a side-elevation view

of the die carrier and the die set.

[0027] FIG. 11 shows an isometric view of different embodiments of a die
carrier and die set, according to the present disclosure, wherein FIG. 11A shows the die
carrier and die set of FIG. 10; FIG. 11B shows a further embodiment of a die carrier
and die set; FIG. 11C shows a further embodiment of a die carrier and die set; FIG.
11D shows a further embodiment of a die carrier and die set; and, FIG. 11E shows a

further embodiments of a die carrier and die set.

[0028] FIG. 12 shows an exploded isometric view of one embodiment of a die

set according to the present disclosure.

[0029] FIG. 13 shows closer views of a section, wherein FIG. 13A is a partial
cutaway, side elevation view of the section; and, FIG. 13B is a closer view of a cam

assembly identified in circle G shown in FIG. 13A.

DETAILED DESCRIPTION

[0030] Embodiments of the present disclosure relate to a slips apparatus and
methods of using same. The slips apparatus is configured to grip and hold a portion of
a tubular, or a string of tubulars, within a central bore of the slips apparatus so that a
tubular can be added or removed from the string of tubulars during drilling or other

operations at a well.

[0031] The embodiments of the present disclosure relate to a slips apparatus

that is configured to move between a first position and a second position. The first
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position may also be referred to herein as an upper position, a raised position, a
disengaged position or a non-gripping position. The gripping components can have an
inner surface that defines a plane that is not parallel to a central axis of the slips
apparatus, which may also be referred to as being positioned at a predetermined oblique
angle, also referred to a non-parallel angle, relative to the central axis, when the slips
apparatus is in the first position. In some embodiments of the present disclosure, the
plane of a gripping component in the first position can be at a predetermined oblique
angle relative to the central axis. In some embodiments of the present disclosure, when
the slips apparatus is in the first position an upper portion of gripping components of
the slips apparatus are positioned at a greater distance from a central axis of the slips
apparatus than a lower portion of the same gripping components. In some
embodiments of the present disclosure, the upper portion of the gripping components
are positioned above an upper portion of non-gripping components. When the slips
apparatus is in the first position, a portion of a tubular may extend through the slips
apparatus and rotate, even off center, with less incidents of striking the slips apparatus,

as compared to known slips apparatus.

[0032] The second position may also be referred to herein as a lower position, a
lowered position, an engaged position or a gripping position. When in the second
position, the plane defined by the gripping components may be substantially parallel to
the central axis and the gripping components are positioned to engage an outer surface
of a portion of a tubular that extends through the slips apparatus. In some embodiments
of the present disclosure, the upper portion of the gripping components of the slips
apparatus in the second position are positioned at substantially the same, or the same,
distance from the central axis than the lower portion of the same gripping components.
In some embodiments of the present disclosure, the upper portion of the gripping
components may be substantially at or below the upper portion of the non-gripping

components when the slips apparatus is in the second position.

[0033] In some embodiments of the present disclosure, the slips apparatus
further includes an actuation assembly that can assist the slips apparatus to move

between the first position and the second position.
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[0034] Definitions

[0035] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to

which this disclosure belongs.
[0036] As used herein, the term “...” describes

[0037] As used herein, the term “about” refers to an approximately +/-10%
variation from a given value. It is to be understood that such a variation is always

included in any given value provided herein, whether or not it is specifically referred to.

[0038] Embodiments of the present disclosure will now be described by
reference to FIG. 1 to FIG. 13, which show representations of the slips apparatus and

methods of using same, according to the present disclosure.

[0039] FIG. 1 shows a slips apparatus 10 for use with a rotary table 1000. The
rotary table 100 can be installed in a drilling floor of a rig that is used to drill an oil
and/or gas well therebelow. As will be appreciated by those skilled in the art, the slips
apparatus 10 can be used in various different applications including, but not limited to:
drilling of wells other than oil and/or gas wells; workover operations of various types
of wells; completion of various types of wells; and, other operations where it is
desirable to suspend a single tubular or a string of tubulars that are extending through

the rotary table 1000 or otherwise through the floor of a rig.

[0040] The rotary table 1000 includes an upper portion 1000A, a lower portion
1000B and a rotary drive assembly 1000C. The rotary table 1000 also includes a
master bushing 1002 that is coupled to an inner surface of the rotary table 1000. The
slips apparatus 10 is operatively coupled to the master bushing 1002 for defining a
central bore 2000 that extends between an upper portion 10A and a lower portion 10B
(shown in FIG. 2) of the slips apparatus 10. In some embodiments of the present
disclosure, the slips apparatus 10 may define one or more drive lug apertures 1006A

that are configured to receive a drive lug 1006 therethrough. The drive lug 1006
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operatively couples the slips apparatus 10 to the master bushing 1002, as would be
understood by those skilled in the art.

[0041] A centralizer assembly 1004 may be positioned upon the slips apparatus
10 and connected thereto by a connector pin 1010 that extends into one or more
components of the slips apparatus 10, for example one or more slip block assemblies
12. The connector pin 1010 may be removable by the action of a removable connector
pin tab 1008, as will be understood by those skilled in the art. The centralized
assembly 1004 includes one or more centralizer plates 1005 for defining an upper
portion of the central bore 2000 (see centralizer plates 1005A, 1005B and 1005C
shown in FIG. 3). The number of centralizer plates 1005 used in the centralizer
assembly 1004 can change depending upon the outer diameter of the tubular(s) that will
extend through the central bore 2000.

[0042] FIG. 2A shows a non-limiting implementation of the slips apparatus 10
as comprising three sections 10!, 10'! and 10'!! each of which are operatively coupled
with the master bushing 1002. The three sections 10!, 10! and 10'"! are arranged
generally opposite to each other so that in operation, as discussed further below, the
sections 10!, 10! and 10'" act together to impart or release a clamping force upon an
outer surface of a tubular that is extending through the central bore 2000. In some
embodiments of the present disclosure, there is a connector pin 1010 used to couple
section 10! to section 10" and a further connector pin 1010 to couple section 10! to
section 10'!! and a further connector pin 1010 to couple section 10! to section 101,
While FIG. 2A shows three sections 10!, 10! and 10'", the person skilled in the art

will appreciate that the slips apparatus 10 may include more or less of such sections.

[0043] As shown in FIG. 2B, the slips apparatus 10 includes the upper portion
10A and the lower portion 10B, with the central bore 2000 extending therebetween
from an above-the well area 2000A to an upper portion of the well 2000B. Each
section 10!, 10'! and 10"! of the slips apparatus 10 also comprises one or more
gripping components 300. In the non-limiting implementation shown in FIG. 2B, the
gripping components 300 include a die set 17 that defines a face that is configured to
engage a tubular (not shown) that extends through the central bore 2000. The angular

10
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position of the face of the die set 17 is identified in FIG. 2B by a line B. FIG. 2B shows
a central axis o of the central bore 2000, where the central axis o represents the axis
along which a tubular can enter and leave the central bore 2000. FIG. 2B also shows an
angle 0 that is defined between the central axis o and the line f. As will be discussed
further below, when the gripping components 300 of the slips apparatus 10 move

between a first position and a second position, the angle 0 changes.

[0044] FIG. 2B shows a non-limiting implementation of the section 10! of the
slips apparatus 10 as comprising a slip block assembly 12, a die actuator block 14, a die
carrier 16 and the die set 17. The die set 17 comprises one or more dies 18 that are
coupled to an inner surface of the die carrier 16 by die retainers 20. As used herein, the
term “gripping component 300” is used to refer at least to the die set 17 of each section
of the slips apparatus 10. Gripping components 300 may also be used herein refer to
any other components of the slips apparatus 10 that move between a first position and a
second position in order to grip and to release a tubular within the central bore 2000
including, but not limited to: one or more of the die actuator block 14 and the die
carrier 16. As will be appreciated by those skilled in the art, section 10!! and section
10" (or however many sections a particular embodiment of the slips apparatus 10
includes) may have substantially the same, or the same, components as the section 10!,
As used herein, the term “non-gripping component 3017 refers to at least the slip block
assembly 12 and any other component of the slips apparatus 10 that does not move
between the first position and the second position in order to grip and to grip (or
release) a tubular within the central bore 2000. As used herein, the term “associated”
refers to one or more components that form part of the same section 10!, 101, 1011,
For example, section 101 can comprise a non-gripping component 301 and one or more
associated gripping components 300 and, as further described below, an associated

actuator assembly 200.

[0045] FIG. 3 shows a partial cut-away of a non-limiting implementation of the
slips apparatus 10 with three sections 10!, 10'!, 10"! each with a die assembly 17
positioned within the central bore 2000 and positioned above the upper portion of the
well 2000B.

11
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[0046] FIG. 4 shows a non-limiting implementation of the slips apparatus 10 in
the first position (FIG. 4A) and in the second position (FIG. 4B). Each section 10,
10" and 10"!! comprises an actuator assembly 200 that are each configured to move
one or more associated gripping components 300 between the first position and the
second position. For clarity, the actuator assembly 300 is not considered part of either

of the non-gripping components 301 or the gripping components 300.

[0047] FIG. 5 and FIG. 7 show non-limiting implementations of the slips
apparatus 10 in the first position. The actuator assembly 200 is shown as comprising
an upper pivot assembly that includes a pivot member 210 and an actuator 202. The
pivot member 210 is operatively coupled to a bracket 212 on each side. Each bracket
212 is fixed to an upper surface of the slip assembly block 12. The actuator 202 has a
first end 202A and a second end 202B and the actuator 202 can extend or retract,
thereby increasing or decreasing the distance between the ends 202A, 202B. As will be
appreciated by those skilled in the art, the actuator 202 can be hydraulically power,
pneumatically powered or electrically powered. For example, the actuator 202 can be
hydraulic cylinder that is part of a hydraulic circuit that further includes a source of
hydraulic fluid, one or more valves, optionally a pump, and a controller (both not
shown). The controller can send an extend command to the valves and optional pump
to cause hydraulic fluid to flow from the source into a portion of the actuator 202 to
cause the actuator 202 to extend. Similarly, the controller can send a retract command
to the valves and optional pump to cause hydraulic fluid to flow from the actuator 202
back to the source to cause the actuator 202 to retract. In other embodiments of the
present disclosure, the actuator 202 can extend and retract due to the flow of a gas into
and out of the actuator 202. In other embodiments of the present disclosure, the
actuator 202 can extend and retract due to the action of one or more electric motors

and/or one or more solenoids.

[0048] In some embodiments of the present disclosure, the pivot member 210 is
configured like a ball joint with a socket 211A and a ball member 211B that is
internally positioned within the socket 211A. The ball member 211B and, therefore,
the first end 202A of the actuator 202 can move in two or more degrees of freedom.

For example, the first end 202A of the actuator 202 can yaw (swivel) about a

12
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longitudinal axis of the actuator 202 that extends between the first 202A and the second
end 202B, and the first end 202A of the actuator 202 can tilt (pitch) and pivot (roll).

[0049] When the actuator 202 is retracted the slips apparatus 10 is in the first
position. As shown in FIG. 5SA, when viewed from above the die sets 17 of each
section 10!, 10", 10"! are separated from each other and they do not form a
substantially contiguous surface for gripping a tubular within the central bore 2000.
The separation between the die sets 17 of section 10! and section 101! is further shown
in FIG. 5B. Furthermore, when the slips apparatus 10 is in the first position, the face of
each die set 17 is positioned at an angle 6 as shown by line B relative to the central axis
a (see FIG. 5C). When the slips apparatus 10 is in the first position, the line B is not
parallel to the central axis a. When the slips apparatus 10 is in the first position the
angle 0 is greater than about 1 degrees, greater than about 5 degrees, greater than about

10 degrees.

[0050] In some embodiments of the present disclosure, when the slips apparatus
10 is in the first position, an upper surface of the gripping components 300 is
positioned apart from the central axis o at a distance that is greater than a distance that a
lower surface of the gripping components 300 is positioned from the central axis o. For
example, the gripping components 300 can include a die carrier 16 with an upper
surface 16A that is positioned a first distance X from the central axis a and a lower
surface 16B that is positioned a second distance Y from the central axis a (see FIG. 5A
and FIG. 7A). When the slips apparatus 10 is in the first position, the first distance X is

greater than the second distance Y.

[0051] In some embodiments of the present disclosure, when the slips apparatus
10 is in the first position, an upper portion of the gripping components 300 is
positioned a distance H above an upper surface of the non-gripping components, shown

as the distance between line Z and upper surface 12A in FIG. 5C.

[0052] FIG. 6 and FIG. 8 show non-limiting embodiments of the slips apparatus
10 in the second position. As shown in FIG. 6A, when viewed from above the die sets

17 of each section 10!, 10'!, 10'!! are positioned substantially abutting each other and

13
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they form a substantially contiguous surface for gripping a tubular within the central
bore 2000. The abutting relationship between the die sets 17 of section 10! and section
10" is further shown in FIG. 6B. Furthermore, when the slips apparatus 10 is in the
second position, the face of each die set 17 is positioned substantially parallel or

parallel to the central axis a (see FIG. 6C).

[0053] When the slips apparatus 10 is in the second position, a distance X' that
the upper surface 16A of the die carrier 16 is positioned from the central axis o is
substantially equal to or equal to the distance Y that the lower surface 16B is positioned

from the central axis o (see FIG. 8C).

[0054] In some embodiments of the present disclosure, when the slips apparatus
10 is in the second position, the upper portion of the gripping components 300 is
positioned a distance H' below an upper surface of the non-gripping components,
shown between line Z and the upper surface 12A (for example, see FIG. 6C and FIG.
8C).

[0055] FIG. 9 shows a non-limiting embodiment of the section 10'! as
comprising the slip block assembly 12, the actuator assembly 200, the die actuator
block 14, the die carrier, 16 and the die set. The slip block assembly 12 defines the
upper surface 12A and the lower surface 12B. The slip block assembly 12 is also
shown as defining multiple, vertically-spaced receiving members 13 on each side of the
slip block assembly 12. Each of receiving members 13 is configured to mate with the
lateral receiving member 13 of the adjacent section 10! and 10'!, respectively. When
mated, apertures 13A defined by each receiving member 13 can align so that the
connector pin 1010 can be inserted and retained thereby so as to operatively couple

together the sections 10', 10!, 10" of the slips apparatus 10.

[0056] The slip block assembly 12 can further define an external surface 12C
and an internal surface 12D. The external surface 12C can be configured to match the
profile of the rotary table 1000 to facilitate receipt of the slips apparatus 10 within the
rotary table 1000. The internal surface 12D can define further features of the slips

apparatus 10. For example, the internal surface 12D can define a channel 200A that is
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configured to receive one or more portions of the actuator assembly 200 therein. The
internal surface 12D can further define one or more cam surfaces 12E. As shown in the
non-limiting embodiment of FIG. 9, the internal surface 12D can define three
protruding surfaces. Closest to the upper surface 12A is a first protruding surface 12E!,
closer to the lower surface 12B is a second protruding surface 12E!! and closest to the
lower surface 12B is a third protruding surface 12E''", In some embodiments of the
present disclosure, the first protruding surface 12E' and, optionally, the second
protruding surface 12E!! are split to define the channel 200A. Each of the protruding
surfaces has an upper ramp portion 12EA (for example as shown on the third
protruding surface 12E'! but understood to be part of the first and second protruding
surfaces 12E! and 12E!') and an abutting portion 12EB (understood to be part of all
protruding surfaces).

[0057] The actuator assembly 200 further comprises a bracket assembly 400
that comprises a bracket 402 and one or more bracket connectors 404. The bracket
assembly 400 is configured to operatively couple the second end 202B of the actuator
to the gripping components 300. FIG. 9 shows the non-limiting embodiment where the
gripping components 300 comprise the die actuator block 14, the die carrier 16 and the
die set 17. The bracket 402 defines one or more apertures 403 that are alignable with
one or more associated apertures 406 that are defined by the die actuator block 14.
When aligned, the bracket connectors 404 can be received through both sets of
apertures 403, 406 and removably retained therein in order to couple the actuator
assembly 200 to the gripping components 300. So that when the actuator 202 extends
or retracts, the gripping components 300 will move in a corresponding fashion. The
skilled in the art will appreciate that other mechanisms or components can be used to

operatively couple the actuator assemble 200 to the gripping components 300.

[0058] FIG. 9 shows the die actuator block 14 as defining an upper surface
14A, a lower surface 14B, an external surface 14C and an internal surface 14D. The
external surface 14C can define one or more extending surfaces. For example, closest
to the upper surface 14A is a first protruding surface 14E!, closer to the lower surface
14B is a second protruding surface 14E'! and closest to the lower surface 14B is a third
protruding surface 14E'!. Each of the protruding surfaces has an upper ramp portion

15
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14EA (for example as shown on the third protruding surface 14E'"!! but understood to
be part of the first and second protruding surfaces 14E! and 14E!"), an abutting portion
14EB (understood to be part of all protruding surfaces) and a lower ramp portion 14EC.

[0059] The internal surface 14D defines the one or more apertures 406 so that
the bracket connectors 404 can extend therethrough and into the apertures 403 of the
bracket assembly 400. The internal surface 14D may be configured to be substantially

flat, or to define one or more portions that are substantially flat.

[0060] Together the slip block assembly 12 and the die actuator block 14 can
form a cam assembly 21 that is configured to slidingly guide the movement of the
gripping components 300 between the first and second position when moved by the
extending and retracting of the actuator assembly 200. For example, the slip block
assembly 12 may further comprise a first cam member 21A and a protruding member
21B (shown in FIG. 9 between the internal surface 12D and the vertically spaced
members 13) and the die actuator block 14 may further comprise a second cam member
21C (shown in FIG. 9 on a lateral surface 14F positioned between the first protruding
surface 14E! and the second protruding surface 14E'"). The second cam member 21C
can be configured as a channel that receives and retains the protruding member 21B.
The second cam member 21C can define a path of travel that the protruding member

21B travels when the actuator assembly 200 moves the gripping components 300.

[0061] As will be appreciated by the person skilled in the art, the first cam
member 21A can be positioned on either of the slip block assembly 12 and the second
cam member 21C can be positioned on the die actuator block 14 or vice versa. The
positioning of each cam member 21A, 21C can be modified from those depicted in the
figures and described herein provided that the cam assembly 21 slidingly guides the

slips apparatus 10 to move between the first position and the second position.

[0062] FIG. 9 and FIG. 10 both show the die carrier 16 as defining an upper
surface 16A, a lower surface 16B, an external surface 16C and an internal surface 16D.
The external surface 16C is configured to releasably mate with the one or more portions

of the internal surface 14D of the die actuator block 14. For example, the external
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surface 16D may define one or more connection features 30, such as dovetail grooves
that are configured to releasably mate with corresponding pins 31 that extend from the
internal surface of the die actuator block 14. As will be appreciated by the skilled
reader, the connection features 30 may be reversed from described above so that the
dovetail grooves are defined on the internal surface 14D and the pins 31 extend from
the external surface 16C or other connection features 30 can be used to releasably mate
the die actuator block 14 and the die carrier 16. As show most clearly in FIG. 10B, the
internal surface 16D can be curvilinear and configured to releasably retain the die set
17.

[0063] FIG. 9 and FIG. 10 both show the die set 17 has having an upper portion
17A and a lower portion 17B between the two portions can be one or more dies 18 that
are releasably retained against the internal surface 16D by one or more die retainers 20.
The dies 18 can define multiple teeth that are configured to grip the outer surface of a
portion of a tubular positioned within the central bore 2000. The dies 18 can be
arranged in various patterns. As shown in FIG. 10, different implementations of the die
carrier 16 can be of various sizes in order to accommodate tubulars of different outer
diameters. For example, a die carrier 16H may releasably retain a die set 17H with four
rows of two dies 18, die carrier 161 may releasably retain a die set 171 with four rows of
three dies 18, die carrier 16J may releasably retain a die set 17J with four rows of four
dies 18, die carrier 16K may releasably retain a die set 17K with four rows of six dies
18 and die carrier 161 may releasably retain a die set 171 with four rows of eight dies
18. As will be appreciated by those skilled in the art, the implementations shown in
FIG. 10 are not intended to be limiting to the number of rows or total number of dies
18.

[0064] FIG. 11 shows an isometric view of different embodiments of the die
carrier 16 and the die set 17. FIG. 11A shows a die set 17H with three dies 18 secured
to a die carrier 16H. FIG. 11B shows a die set 171 with four dies 18 secured to a die
carrier 161. FIG. 11C shows a die set 17J with four dies 18 secured to a die carrier 17J.
FIG. 17D shows a die set 17K with six dies 18 secured to a die carrier 16K. FIG. 11E

shows a die set 17L with eight dies 18 secured to a die carrier 16L. As will be

17

Date Regue/Date Received 2021-09-21



AB8145059CA

appreciated by those skilled in the art, the number of dies 18 in a given die set 17 may

vary between sections and can range between one and about twenty dies 18.

[0065] FIG. 12 shows another embodiment of a die set 17M that comprises a
die set rod 1017 with multiple dies 18 coupled thereto. The die set rod 1017 can be
inserted into the internal face 16D of the die carrier 16 and releasably secured thereto
by one or more die retainers 1018. While only three dies 18 are shown as being
coupled to the die set rod 1017, the skilled person will appreciate that less or more dies

18 can be coupled to the die set rod 1017.

[0066] FIG. 13A shows a side, partial cutaway view of the section 10! with a
circle indicating a zoomed in view of the cam assembly 21. FIG. 13B shows the
zoomed in view with the protruding member 21B positioned at one end of the second
cam member 21C, shown as a path defined by edges 21C! and 21C!"". When the
protruding member 21B is at one end of the second cam member 21C, the section 10! is
in the second position and when the protruding member 21B is at the opposite end of

the second cam member 21C, the section 10! is in the first position.

[0067] Various components of the slips apparatus 10 can be constructed to
reduce the overall mass of a given component while maintaining that component’s
structural integrity and strength. For example, the die carrier 16 may define one or
more voids 16G that reduce the overall mass of the die carrier 16 while maintaining

structural integrity and strength.

[0068] In some embodiments of the present disclosure, the slips apparatus 10
forms part of a system that also includes a power source, conduits that connect the
power source to the actuator assembly 200 and a controller circuit. As described above,
the actuator assembly 200 can be powered by the flow of hydraulic fluid, gas or it may
be electronically actuated. As such, the power source can a source of hydraulic power,
pneumatic power or electric power. Accordingly, the conduits can be selected based on
suitability for conducting power from the power source and for controlling the flow of
power therethrough. The control circuit can be used to send commands to portions,

including valves of the conduits in order to control when the actuator assembly 200
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receives power and whether the actuator 202 extends or retracts and to which degree.
The control circuit may also include a user interface to allow a user to operate the

system.

[0069] In operation, the slips apparatus 10 moves between the first position and
the second position based upon moving the actuator 202 in a first direction and a
second direction. In some embodiments of the present disclosure, when the actuator
202 is partially, substantially fully or fully extended the slips apparatus 10 can be in the
first position and when the actuator 202 is substantially fully retracted or fully retracted
the slips apparatus 10 is in the second position. In other embodiments of the present
disclosure, extending the actuator 202 moves the slips apparatus 10 towards and into
the second position and retracting the actuator 202 moves the slips apparatus 10

towards and into the first position.

[0070] In the first position, the gripping components 300 are positioned so that
the inner surface thereof is at an oblique angle to the central axis a. The upper portion
of the gripping components 300 can be positioned further away from the central axis o
than the lower portion of the gripping components 300. In some embodiments of the
present disclosure, the upper portion of the gripping components may also be
positioned above the upper portion of the non-gripping components 302. When in the
first position, the gripping components 300 do not form a contiguous gripping surface.

[0071] When the slips apparatus 10 is in the first position, a tubular can be
received within the central bore 2000 substantially along the central axis o. The tubular
can approach the slips apparatus 10 from above the bore 2000A or from the well bore
2000B. The tubular may be an individual tubular or it may be connected to other
tubulars to form a string of tubulars. Because the gripping components 300 are
positioned at a predetermined oblique angle to the central axis o and distanced
therefrom should the received tubular rotate off-centre from the central axis o there will
be a decreased incidence of strikes between the tubular and the components of the slips

apparatus 10.
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[0072] Actuating the actuator 202 in a first direction will cause the gripping
components 300 to move from the first position towards the second position. In some
embodiments of the present disclosure as the gripping components 300 move towards
the second position, the external surface of a gripping component 300 will slide along
the internal surface of the associated non-gripping components 302 and the profile of
the two surfaces can facilitate moving the slips apparatus 10 into the second position.
For example, while in the first position, the lower ramp portion 14EC of each
protruding surface 14E!, 14E!!, 14E"! will be positioned above or upon the upper ramp
portion 12EA of each associated protruding surface 12E!, 12E'!, 12E'!!, As the slips
apparatus 10 moves towards the second position, the lower ramp portions 14EC will
slide along their respective associated upper ramp portions 12EA until the abutting
portions 14EB abut against the abutting portions 12EB. The slope (relative to the
central axis o) of each abutting portion 12EB can be substantially the same so that
when the abutting portions 12EB, 14EB abut against each other, the upper portion 17A
of the die set 17 is substantially at the same angle relative to the central axis a as the

lower portion 17B and the die set 17 will be substantially parallel to the central axis a.

[0073] Actuating the actuator 202 in a second direction, that is opposite to the
first direction, will cause the gripping components 300 to move from the second
position towards the first position. As the gripping components 300 move towards the
first position, the external surface of a gripping component 300 will slide along the
internal surface of the associated non-gripping components 302 and the profile of the
two surfaces can facilitate moving the slips apparatus 10 into the first position. For
example, while in the second position, the abutting portions 14EB abut against the
abutting portions 12EB. As the actuator 202 moves in the second direction, the
abutting portions 12EB, 14EB will disengage and the lower ramp portion 14EC of each
protruding surface 14E!, 14E'!, 14E"! will slide upon the upper ramp portion 12EA of
each associated protruding surface 12E!, 12E', 12E"!, As the slips apparatus 10
moves towards the first position, the lower ramp portions 14EC will slide along their
respective associated upper ramp portions 12EA until the abutting portions 14EB are

positioned above each their associated upper ramp portions 12EA.
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[0074] In embodiments of the slips apparatus 10 that includes the cam assembly
21, the cam assembly 21 can slidingly guide the slips apparatus 10 to move between the
first position and the second position and vice versa. For example, when the slips
apparatus 10 is in the first position, the protruding member 21B will be at one end of
the second cam member 21C, which is configured so that the gripping components 300
are: positioned at an oblique angle to the central axis o, positioned with the upper
portion of the gripping components 300 the distance X from the central axis o that is
greater than the distance Y that the lower portion is from the central axis o, positioned
at a height H above the upper portion of the non-gripping components 301, or
combinations thereof. In contrast, when the slips apparatus is in the second position,
the protruding member 21B will be at an opposite end of the second cam member 21C
which is configured so that the gripping components 300 are: positioned substantially
parallel to the central axis o, positioned with the upper portion of the gripping
components 300 the distance X' from the central axis a that is substantially the same as
the distance Y that the lower portion is from the central axis a, positioned at a height H!
at or below the upper portion of the non-gripping components 301, or combinations

thereof.

[0075] When the slips apparatus 10 is in the second position, the dies 18 of the
die set 17 can grip a portion of the outer surface of the received tubular. In the event
that the weight of the received tubular, or the associated string of tubulars that are
connected to the received tubular, is insufficient to cause the dies 18 to fully grip the
tubular, movement of the actuator 202 in the second direction can increase the grip
force applied through the gripping components 300 upon the outer surface of the
tubular.

[0076] When the dies 18 fully grip the outer surface of the tubular, the gripping
components 300 can bear against the non-gripping components 302 in order to support
the received tubular, and any string of tubulars connected thereto. When the received
tubular is supported, one or more further operations can be performed on the received
tubular such as making or breaking a threaded connection to add or remove a tubular

from above the received tubular.
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I claim

1. A slips apparatus that is connectible with a rotary table, the slips apparatus

comprising:

(a) at least two opposed non-gripping components, each defining an inner
surface;

(b) at least two opposed gripping components that each define an outer
surface and an inner surface, wherein the outer surfaces are moveable at
least partially along the inner surface of an associated non-gripping
component between a first position and a second position, wherein the

inner surfaces define a central bore;

(c) at least two actuator assemblies, each of which is operatively configured
to move one of the at least two opposed gripping components between

the first position and the second position,

wherein in the first position each of the at least two opposed gripping
components is positioned at a non-parallel angle relative to a central axis

of the central bore, and

wherein in the second position each of the at least two opposed gripping
components is positioned substantially parallel to the central axis and
the at least two opposed gripping components are configured to grip a
portion of an outer surface of a tubular that is positioned within the

central bore.

2. The slips apparatus of claim 1, wherein in the first position the at least two
opposed gripping components are positioned at or above an upper surface of the

at least two opposed non-gripping components.

3. The slips apparatus of claim 1, wherein in the second position the at least two
opposed gripping components are positioned below an upper surface of the at

least two opposed non-gripping components.
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4, The slips apparatus of claim 1, wherein in the first position, an upper portion of
the at least two opposed gripping components are positioned a first distance
from the central axis and a lower portion of the at least two opposed gripping
components are positioned a second distance from the central axis, wherein the

first distance is greater than the second distance.

5. The slips apparatus of claim 1, wherein in the second position, an upper portion
of the at least two opposed gripping components are positioned substantially the
same distance from the central axis as a lower portion of the at least two

opposed gripping components.

6. The slips apparatus of claim 1, wherein each inner surface of the at least two
opposed gripping components each further comprise a die set that is configured

to grip the outer surface of the tubular.

7. The slips apparatus of claim 1, further comprising a cam assembly that
comprises a first cam member that is defined on an inner surface of each of the
at least two non-gripping members and a second cam member that is defined on
a side surface of each of the at least two gripping members, wherein the cam
assembly is configured to guide the opposed at least two gripping members

between the first position and the second position.

8. The slips apparatus of claim 7, wherein the first cam member defines a channel
that is configured to receive and to slidingly guide the second cam member as
the at least two opposed gripping members move between the first position and

the second position.

9. The slips apparatus of claim 7, wherein the second cam member defines a
channel that is configured to receive and to slidingly guide the first cam
member as the at least two opposed gripping members move between the first

position and the second position.

10. The slips apparatus of claim 1, wherein each of the least two actuator

assemblies comprises an actuator that is pivotably connected at a first end to an
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associated non-gripping component and at a second end to an associated

gripping component.

11.  The slips apparatus of claim 10, wherein the first end of the actuator comprises

a pivotable connection member that has at least two degrees of freedom.

12.  The slips apparatus of claim 1, wherein the inner surface of each of the at least
two opposed non-gripping components defines at least one surface that is
configured to bear and slidingly guide an opposed at least one further surface
that is defined by the outer surface of an associated gripping component as the
at least two opposed gripping members move between the first position and the

second position.
13. A method for gripping a tubular comprising steps of:

(a) positioning a tubular within a central bore of a slips apparatus along a
central axis when at least two opposed gripping components of the slips
apparatus are in a first position that is at a non-parallel angle relative to

the central axis; and

(b) actuating the slips apparatus so that at least two opposed gripping
components are in a second position that is substantially parallel to the
central axis and the at least two opposed gripping components are

configured to grip a portion of an outer surface of the tubular.

14, The method of claim 13, further comprising a step of moving the at least two
opposed gripping components to the first position so they are distanced from the

central bore and so that the tubular can move therebetween.

15. The method of claim 13, further comprising a step of positioning the at least
two opposed gripping at or above an upper surface of at least two opposed non-

gripping components of the slips apparatus.
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