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(67) A slip assembly for a downhole tool, such as a
bridge plug, has a slip body and at least one insert unit
with a base and one or more inserts. The slip body has
an incline at one end that interfaces with an inclined sur-
face of a cone. As this occurs, the slip body is pushed
away from the tool's mandrel against a surrounding cas-
ing wall. The insert unit is disposed in the slip body with

the base oriented at an angle relative to the incline, and
with the one or more inserts extending from the base. In
particular, the base can be disposed at or parallel to the
incline, and the one or more inserts with less surface area
than the base can extend perpendicular to the inline for
the insert’s distal ends to engage a surrounding wall of
casing or the like.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Appl. 61/861,302, filed 01-AUG-2013, and is a
continuation-in-part of U.S. Appl. 14/039,032, filed 27-
SEP-2013, which claims the benefit of U.S. Provisional
Appl. 61/708,597, filed on 01-OCT-2012, and U.S. Pro-
visional Appl. 61/735,487, filed on 10-DEC-2012,and Eu-
ropean Patent Application 13186954.7, all of which are
incorporated herein by reference in their entireties.

BACKGROUND OF THE DISCLOSURE

[0002] Slips are used for various downhole tools, such
as bridge plugs and packers. The slips can have inserts
or buttons to grip the inner wall of a casing or tubular.
Examples of downhole tools with slips and inserts are
disclosed in U.S. Pat. Nos. 6,976,534 and 8,047,279.
Inserts for slips are typically made from cast or forged
metal, which is then machined and heat-treated to the
proper engineering specifications according to conven-
tional practices.

[0003] Inserts for slips on metallic and non-metallic
tools must be able to engage with the casing to stop the
tool from moving during operation. On non-metallic tools,
the inserts can cause the non-metallic slips to fail when
increased loads are applied. Of course, when the slip
fails, it disengages from the casing.

[0004] When conventionalinserts are used in non-me-
tallic slips, they are arranged and oriented as shown in
Figure 1A. The slip 20 is disposed adjacent a mandrel
10 of a downhole tool, such as a bridge plug, packer, or
the like. The slip 20 moves away from the mandrel 10
and engages against a surrounding tubular or casing wall
when the slip 20 and a cone 12 are moved toward one
another. Either the slip 20 is pushed against the ramped
surface 13 of the cone 12, the cone 12 is pushed under
the incline 23 of the slip 20, or both.

[0005] As shown in Figure 1A, the pockets 22 and the
inserts 24 disposed in those pockets 22 intersect the slip
20 at an acute bite angle  with respect to a line perpen-
dicular to the slip’s surface 21. Thus, the conventional
arrangement places the inserts 24 at an angle p toward
the ramped surface 13 of the cone 12 and the incline 23
of the slip 20. The angle B can be from 10 to 20-degrees,
forexample, sothatthe top face ofthe insert 20 is oriented
at the same angle B relative to the top surface of the slip
20.

[0006] By providing this angle B, the inserts 24 can
better engage the casing C. For example, when the slip
20 is fully extended to a set position against the casing
wall, the inserts 24 inclined by the acute angle B present
cutting edges with respect to the inside surface of the
casing C. With this arrangement, the inserts 24 can pen-
etrate radially into the casing C. Angled toward the cones
12, this penetration can provide a secure hold-down

10

15

20

25

30

35

40

45

50

55

against pushing and pulling forces that may be applied
through the tool’s mandrel 10 and element system.
[0007] The arrangement of the inserts 24, however,
can damage the slips 20 or the inserts 24 themselves.
As shown in Figure 1B, load on the cone 12 during use
of the downhole tool can cause the inserts 24 to put stress
on the slip 20. As a result, the slip 20 can fracture at the
edges of the pockets 22 toward the top surface 21 and
the bottom surfaces 27 and 23 of the slip 20. In another
form of failure shown in Figure 1C, shear forces on the
inserts 24 can cause the exposed ends of the inserts 24
to shear off along the slip’s top surface 21.

[0008] The inserts 24 are typically composed of car-
bide, which is a dense and heavy material. When the
downhole tool having the slips 20 with the carbide inserts
24 are milled out of the casing C, the inserts 24 tend to
collect in the casing C and are hard to float back to the
surface. In fact, in horizontal wells, the carbide inserts 24
may tend to collect at the heel of the horizontal section
and cause potential problems for operations. Given that
a well may have upwards of forty or fifty bridge plugs
used during operations that are later milled out, a con-
siderable number of the carbide inserts 24 from the milled
plugs may be left in the casing and difficult to remove
from downhole.

[0009] As noted previously, the small button inserts 24
create high stress points in the slips 20. This high stress
is caused by the point loading on the edges of the inserts
24 or by a high stress across the cross-section of the
inserts 24. During use then, the high stress points cause
the inserts 24 to pitch, roll, and or depress in the slip 20.
This can sometimes cause catastrophic failures of the
slip’s material, which can be metal, composite, plastic,
etc.

[0010] Typically, to reduce the stress on the inserts 24,
the cone and ramp angles can be adjusted to vary the
radial load. The lengths of the inserts 24 as well as their
angles in the slips 20 have also been adjusted. For in-
stance, the angle of the inserts 24 has been adjusted
both about the center plane of the slip 20 as well as the
front plane of the slip 20 (either side-to-side or front-to-
back). Some different angular arrangements for the in-
serts in the slips according to the prior art are discussed
below.

[0011] Figures 2A-2B illustrate a side cross-section
and end view of a slip 40 having a first arrangement of
holes 46, 48, and 50 for inserts 60 according to the prior
art. The slip segment 40 has first and second ends 42
and 44, which may be referred to as abutment end 42
and free end 44. An inner surface 41’ preferably has a
shape complementary to the outermost surface of a man-
drel (not shown) to which the slip segment 40 is mounted.
The slip segment 40 also has first and second sides 43
and 43’ and has a forward or outer arcuate face 41. The
free end 44 has an incline 44’ on the inner surface 41°.
[0012] A plurality of buttons or inserts 60 are secured
to the slip segment 40 and extend externally outwardly
from the outer arcuate surface 41. They are secured in
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cavities defined in the slip segment 40. The cavities may
be referred to as first, second and third cavities 46, 48,
and 50 with longitudinal central axes 45, 47, and 49, re-
spectively. As best shown in Figure 2B, the cavities 46,
48, and 50 are oriented so that the longitudinal axes 45,
47, and 49 lie in intersecting vertical planes. As best
shown in Figure 2A, each of the longitudinal central axes
45, 47, and 49 can be angled from a horizontal axis by
an angle 6, which may be, for example, approximately
15-degrees.

[0013] Figures 3A-3B illustrate a side cross-section
and end view of a slip 40 having a second arrangement
of holes 46, 48, and 50 for inserts 60 according to the
prior art. As before, the slip segment 40 has first and
second ends 42 and 44, which may be referred to as
abutment end 42 and free end 44. The slip segment 40
has first and second sides 43 and 43’ and has a forward
or outer arcuate face 41. An arcuate inner surface 41’
preferably conforms to the shape of the outer surface of
a mandrel against which the slip segment 40 disposes.
Finally, the free end 44 has an incline 44’ on the inner
surface 41°.

[0014] Buttonsorinserts 60 are secured tothe slip seg-
ment 40 and extend outwardly from outer arcuate face
41. The inserts 60 are secured in cavities, which include
first, second and third cavities 46, 48, and 50. The cavities
46, 48, and 50 have longitudinal axes, identified as lon-
gitudinal axes 45, 47, and 49, respectively. The inserts
60 are preferably cylindrically shaped buttons with lon-
gitudinal central axes. The longitudinal axes 45, 47, and
49 are parallel, and as such, the longitudinal central axes
of the inserts 60 in the slip segment 40 are parallel to one
another. As best shown in Figure 3A, each of longitudinal
central axes 45, 47, and 49 can be angled from a hori-
zontal axis by an angle 6, which may be, for example,
approximately 15-degrees.

[0015] Although various arrangements of inserts in slip
segments have been suggested in the past, operators
are continually striving to use new materials, different
load distributions, and the like to meet new challenges
in the downhole environments.

[0016] The subject matter of the present disclosure is
directed to overcoming, or at least reducing the effects
of, one or more of the problems set forth above.

SUMMARY OF THE DISCLOSURE

[0017] Adownhole apparatus has aslip body withinner
and outer surfaces and with first and second ends. The
first end is tapered with an incline on the inner surface
relative to a centerline of the slip body, and the slip body
is movable through interaction of the incline. For exam-
ple, the incline may interact with a cone or other element
of the apparatus.

[0018] At least one insert unit is disposed on the slip
body. The at lease one insert unit has a base and has
one or more first inserts extending from the base. A distal
end of the one or more first inserts are exposed in the
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outer surface of the slip body, and the base of the at least
one insert unit is disposed at an angle relative to the
centerline.

[0019] In particular, the angle of the base can be dis-
posed parallel to the incline of the slip body. In fact, the
base can include a bottom surface exposed at the incline
of the inner surface, and the base can encompass a
greater surface area than the one or more first inserts.
[0020] Inone particular example, the base can include
afirst side disposed accross the first end of the slip body.
The one or more first inserts can include at least two first
inserts disposed side-by-side along the first side of the
base. The at least two first inserts can each extend or-
thogonally relative to the first side of the base. In this
example, this first side of the base can be a long side of
the base, which can have a short side extending relative
to the long side. The at least two first inserts can extend
orthogonally relative to the short side of the base and
thereby extend normal to the incline of the slip body.
[0021] In another particular example, the base of the
at least one insert unit can include a first side disposed
lengthwise on the slip body from the first end toward the
second end. The one or more first inserts can include at
least two firstinserts disposed side-by-side along the first
side of the base. The at least two first inserts can extend
orthogonally relative to the first side of the base and there-
by extend normal to the incline of the slip body. In this
example, the first side of the base can be a long side
having a short side extending relative to the long side.
The at least two first inserts can extend orthogonally rel-
ative to this short side of the base.

[0022] Ingeneral,the slipbodycaninclude one ormore
independent segments of a slip assembly, one or more
integrated segments of the slip assembly, or one or more
integrated segments of the slip assembly separated from
one another by divisions.

[0023] The slip body can be composed of a first mate-
rial, and the at least one insert unit can be composed of
one or more second materials. In fact, the firstand second
materials can be the same or different.

[0024] The one or more inserts can be integrally
formed with the base or can be separate components
from the base, in which case the base can be composed
of a different material than the one or more first inserts.
[0025] In general, the one or more first inserts can in-
clude at least two first inserts each extending an axis
parallel to one another on the base or extending axes
diverging from one another on the base. Overall, the one
or more first inserts can each extend an axis oriented at
a first obtuse angle oblique to the centerline of the slip
body and can more particularly extend substantially nor-
mal to the incline.

[0026] Each of the one or more first inserts can include
a distal end exposed in the outer surface that has a lead
face toward the first end of the slip body. The lead face
can define a lead angle relative to the centerline of the
slip body. The distal end can also define a tail face toward
the second end of the slip body. The tail face can define
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atailanglerelative to the centerline of the slip body. Over-
all, the lead angle of the lead face can be related to the
incline such that the lead angle defines an obtuse angle
at the first end relative to the centerline.

[0027] The apparatus as disclosed herein can com-
prise a plug, a packer, a liner hanger, an anchoring de-
vice, a downhole tool, or at least a part of a downhole
tool. For example, the apparatus can include an element
disposed adjacent the firstend of the slip body and having
an inclined surface for interacting with the incline.
[0028] In another example, the apparatus can have a
tool body with an inclined surface for interacting with the
incline of the slip body, which can be a cone disposed
on the tool body. In this case, the slip body can be a
plurality of slip segments disposed about the tool body.
Finally, the apparatus can include a mandrel and a cone.
The mandrel has the inner surface of the slip body dis-
posed adajacent thereto, and the cone is disposed on
the mandrel. The cone has the inclined surface for inter-
acting with the incline and moves the slip body away from
the mandrel.

[0029] In amethod of setting a slip on a downhole tool
against an adjacent surface, such as casing, a body of
the slip is moved toward the adjacent surface by inter-
acting an incline of the body with an inclined surface of
the tool. Load from the inclined surface is transmitted to
a base on the body having a first surface area. The base
is oriented at a base angle (preferably parallel) relative
to the incline. The load from the first surface area of the
base is transmitted to one or more inserts on the body
extending from the base. The one or more inserts have
a second surface area less than the first surface area.
The load from the second surface area of the one or more
inserts is transferred to one or more distal ends of the
one or more inserts exposed beyond the body the slip,
and the one or more distal ends egage against the adja-
cent surface.

[0030] In a method of assembling a slip for setting a
downhole tool against a surface, such as casing, a body
of the slip is formed having first and second surfaces and
having first and second ends with a portion of the first
surface at the first end having an incline relative to a
centerline of the body. At least one insert unit is formed
having a base with a first surface area and having one
or more inserts with a second surface area less than the
first surface area. The base of the insert unit is disposed
on the body at a base angle relative to the incline. The
one or more inserts of the insert unit are disposed on the
body extending from the base with one or more distal
ends exposed at the second surface of the body.
[0031] In atleast one embodiment, there is provided a
downhole apparatus, comprising:

a slip body having first and second surfaces and hav-
ing firstand second ends, a portion of the first surface
at the first end having an incline relative to a center-
line of the slip body, the slip body movable through
interaction of the incline; and

10

15

20

25

30

35

40

45

50

55

at least one insert unit disposed on the slip body, the
at least one insert unit having a base and having one
or more first inserts extending from the base, a first
distal end of the one or more first inserts exposed at
the second surface of the slip body, the base dis-
posed on the slip body at a base angle relative to
the centerline.

[0032] The the base angle may be disposed parallel
to the incline of the slip body.

[0033] Thebase ofthe atleastone insert unitmay com-
prise a bottom surface exposed at the incline of the inner
surface.

[0034] The base may encompass a greater surface ar-
ea than the one or more first inserts.

[0035] The slip body may comprise:

one or more independent segments of a slip assem-
bly;

one or more integrated segments of the slip assem-
bly; or

one or more integrated segments of the slip assem-
bly separated from one another by divisions.

[0036] The one or more first inserts may be integrally
formed with the base.

[0037] The base of the at least one insert unit may be
composed of a different material than the one or more
first inserts.

[0038] The one or more first inserts may comprise a
proximal end disposed adjacent a surface of the base.
[0039] The one or more first inserts may comprise at
least two first inserts disposed side-by-side on the base
and extending along axes parallel to one another.
[0040] The one or more first inserts may comprise at
least two first inserts disposed side-by-side on the base
and extending along axes diverging from one another.
[0041] The one or more first inserts may each extend
along a side axis oriented oblique to the centerline of the
slip body.

[0042] The side axis of at least one of the one or more
first inserts may be substantially normal to the incline.
[0043] Thefirstdistalend ofthe one ormore firstinserts
may define a lead face toward the first end of the slip
body, the lead face defining a lead angle relative to the
centerline of the slip body.

[0044] The first distal end may define a tail face toward
the second end of the slip body, the tail face defining a
tail angle relative to the centerline of the slip body.
[0045] The the base of the at least one insert unit amy
comprise a first side disposed accross the first end of the
slip body. The one or more first inserts may comprise at
least two firstinserts disposed side-by-side along the first
side of the base.

[0046] The base ofthe atleastone insertunitmay com-
prise a first side disposed lengthwise on the slip body
from the first end toward the second end. The one or
more first inserts may comprise at least two first inserts
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disposed side-by-side along the first side of the base.
[0047] The apparatus may further comprise at least
one second insert disposed on the slip body and have a
second distal end exposed in the second surface of the
slip body.

[0048] The at least one second insert may define an
axis being oriented oblique to the centerline of the slip
body.

[0049] The apparatus may further comprise an ele-
ment disposed adjacent the first end of the slip body and
have an inclined surface for interacting with the incline.
[0050] The apparatus may further comprise a tool body
having an inclined surface for interacting with the incline
of the slip body.

[0051] The inclined surface may comprise a cone dis-
posed on the tool body.

[0052] The apparatus may further comprise:

a mandrel having the first surface of the slip body
disposed adajacent thereto; and

a cone disposed on the mandrel, the cone having an
inclined surface for interacting with the incline and
moving the slip body away from the mandrel.

[0053] Thethe apparatus may comprise a plug, a pack-
er, a liner hanger, an anchoring device, or a downhole
tool.

[0054] In atleast one embodiment, there is provided a
method of setting a slip on a downhole tool against an
adjacent surface, the method comprising:

moving a body of the slip toward the adjacent surface
by interacting an incline of the body with an inclined
surface of the tool;

transmitting load from the inclined surface to a base
on the body having a first surface area, the base
oriented at a base angle relative to the incline;
transmitting the load from the first surface area of
the base to one or more inserts on the body extend-
ing from the base, the one or more inserts having a
second surface area less than the first surface area;
and

transmitting the load from the second surface area
of the one or more inserts to one or more distal ends
of the one or more inserts exposed beyond the body
the slip; and

engaging the one or more distal ends against the
adjacent surface.

[0055] In atleast one embodiment, there is provided a
method of assembling a slip for setting a downhole tool
against a surface, the method comprising:

forming a body of the slip having first and second
surfaces and having first and second ends with a
portion of the first surface at the first end having an
incline relative to a centerline of the body;

forming at least one insert unit having a base with a
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first surface area and having one or more inserts with
a second surface area less than the first surface ar-
ea;

disposing the base of the insert unit on the body at
a base angle relative to the incline; and

disposing the one or more inserts of the insert unit
on the body extending from the base with one or
more distal ends exposed at the second surface of
the body.

[0056] In atleast one embodiment, there is provided a
downhole apparatus, comprising:

a slip body having firstand second surfaces and hav-
ingfirstand second ends, a portion of the first surface
at the first end having an incline relative to a center-
line of the slip body, the slip body movable through
interaction of the incline; and

at least one insert unit disposed on the slip body, the
at least one insert unit having a base and having at
least two first inserts extending from the base, the
base disposed on the slip body at a base angle rel-
ative to the centerline and having a first side disposed
accross the first end of the slip body, the at least two
firstinserts disposed side-by-side along the first side
of the base, first distal ends of the at least two first
inserts each exposed at the second surface of the
slip body.

[0057] The the base angle may be disposed parallel
to the incline of the slip body, wherein the base of the at
least one insert unit comprises a bottom surface exposed
at the incline of the inner surface. The base may encom-
pass a greater surface area than the at least two first
inserts.

[0058] The slip body may comprise one or more inde-
pendent segments of a slip assembly; one or more inte-
grated segments of the slip assembly; or one or more
integrated segments of the slip assembly separated from
one another by divisions.

[0059] The at least two first inserts may be integrally
formed with the base. The base of the at least one insert
unit may be composed of a different material than the at
least two first inserts.

[0060] The atleast two firstinserts may each comprise
a proximal end disposed adjacent a surface of the base.
[0061] The at least two first inserts may each extend
along a front axis relative to the first side of the base and
each extend along a side axis relative to a second side
of the base.

[0062] The front axes of the at least two first inserts
may be parallel to one another.

[0063] The front axes of the at least two first inserts
may diverge from one another.

[0064] The side axes may be oriented oblique to the
centerline of the slip body. The side axis of at least one
of the atleast twofirstinserts may be substantially normal
to the incline.
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[0065] The first distal ends of the at least two first in-
serts may each define a lead face toward the first end of
the slip body, the lead face defining a lead angle relative
to the centerline of the slip body. The first distal ends may
each define a tail face toward the second end of the slip
body, the tail face defining a tail angle relative to the cen-
terline of the slip body.

[0066] Thebase ofthe atleastoneinsertunitmaycom-
prise a second side disposed lengthwise on the slip body
from the first end toward the second end. The at least
two first inserts may comprise first inserts disposed side-
by-side along the second side of the base.

[0067] The apparatus may further comprise at least
one second insert disposed on the slip body and having
a second distal end exposed in the second surface of the
slip body.

[0068] The at least one second insert may define an
axis being oriented oblique to the centerline of the slip
body.

[0069] The apparatus may further comprise a tool body
having an inclined surface for interacting with the incline
of the slip body. The inclined surface may comprise a
cone disposed on the tool body.

[0070] The apparatus may comprise a plug, a packer,
a liner hanger, an anchoring device, or a downhole tool.
[0071] In atleast one embodiment, there is provided a
method of setting a slip on a downhole tool against an
adjacent surface, the method comprising:

moving a body of the slip toward the adjacent surface
by interacting an incline at a first end of the body with
an inclined surface of the tool;

transmitting load from the inclined surface to a base
on the body having a first surface area, the base
oriented at a base angle relative to the incline;
transmitting the load from the first surface area of
the base to at least two inserts on the body extending
from a first side of the base disposed accross the
first end of the slip body, the at least two inserts hav-
ing a second surface area less than the first surface
area; and

transmitting the load from the second surface area
of the at least two inserts to distal ends of the at least
two inserts exposed beyond the body the slip; and
engaging the distal ends against the adjacent sur-
face.

[0072] In atleastone embodiment, a slip assembly for
a downhole tool, such as a bridge plug, has a slip body
and at least one insert unit with a base and one or more
inserts. The slip body may have an incline at one end
that interfaces with an inclined surface of a cone. As this
occurs, the slip body may be pushed away from the tool’'s
mandrel against a surrounding casing wall. The insert
unit may be disposed in the slip body with the base ori-
ented at an angle relative to the incline, and with the one
or more inserts extending from the base. In particular,
the base can be disposed at or parallel to the incline, and
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the one or more inserts with less surface area than the
base can extend perpendicular tothe inline fortheinsert’s
distal ends to engage a surrounding wall of casing or the
like.

[0073] The foregoing summary is not intended to sum-
marize each potential embodiment or every aspect of the
present disclosure.

[0074] Theinventionincludes one or more correspond-
ing aspects, embodiments or features in isolation or in
various combinations whether or not specifically stated
(including claimed) in that combination orinisolation. For
example, it will readily be appreciated that features re-
cited as optional with respect to one embodiment may
be additionally applicable with respect to any of the other
aspects or embodiments, without the need to explicitly
and unnecessarily list those various combinations and
permutations here. For example, features recited with
respect to the first insert(s) of one aspect may be appli-
cable to the first insert(s) of another aspect or embodi-
ment, and vice-versa. Similarly the features recited in
respect of any apparatus aspect or embodiment may be
similarly applicable to a method aspect or embodiment,
and vice-versa. For example, the apparatus may be con-
figured to perform any of the functions or steps of a meth-
od aspect or embodiment; and/or a method aspect or
embodiment may comprise any/all of the functions or
steps associated with an apparatus aspect or embodi-
ment.

[0075] In addition, corresponding means for perform-
ing one or more of the discussed functions are also within
the present disclosure.

[0076] It will be appreciated that one or more embod-
iments/aspects may be useful in setting a slip on a down-
hole tool. The above summary is intended to be merely
exemplary and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0077]

Fig. 1A illustrates inserts used in a non-metallic slip
according to the prior art.

Fig. 1B illustrates the slip of Fig. 1A during one type
of failure.

Fig. 1C illustrates the slip of Fig. 1A during another
type of failure.

Figs. 2A-2B illustrate a side cross-section and end
view of a slip having a first hole arrangement for in-
serts according to the prior art.

Figs. 3A-3B illustrate a side cross-section and end
view of a slip having a second hole arrangement for
inserts according to the prior art.

Fig. 4A illustrates inserts according to the present
disclosure for a slip shown disengaged from casing.
Fig. 4B illustrates the slip of Fig. 4A engaged with
the casing.

Fig. 5 illustrates a geometric arrangement for inserts
and a slip of the present disclosure.
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Fig. 6A illustrates a downhole tool in partial cross-
section having slip assemblies according to the
present disclosure.

Fig. 6B illustrates a perspective view of a slip assem-
bly according to the present disclosure.

Fig. 6C illustrates a perspective view of a first insert
type for the disclosed slip assembly.

Fig. 6D illustrates a perspective view of a second
insert type for the disclosed slip assembly.

Figs. 7A-7B illustrate side cross-section and end
views of another slip assembly according to the
present disclosure.

Figs. 8A-8B illustrate side cross-section and end
views of yet another slip assembly according to the
present disclosure.

Figs. 9A-9B illustrate side cross-section, end, and
perspective views of another slip assembly accord-
ing to the present disclosure.

Figs. 10A-10C illustrate front, side, and perspective
views of an insert unit according to the present dis-
closure.

Figs. 11A-11C illustrate front, side, and perspective
views of another insert unit according to the present
disclosure.

Figs. 12A-12C illustrate front, side, and perspective
views of yet another insert unit according to the
present disclosure.

Fig. 13 illustrates a cross-sectional view of an insert
unitin a slip assembly according to another arrange-
ment.

Fig. 14A illustrates a perspective view of a slip as-
sembly with the insert units of Fig. 13.

Fig. 14B illustrates a perspective view of the insert
units of Figure 14A.

Fig. 14C illustrates a perspective view of another in-
sert unit according to the present disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0078] Figures 4A shows a slip body 120 of a slip as-
sembly 100 disengaged with casing C, while Figure 4B
shows the slip body 120 pushed against the cone 32 to
engage with the casing C. Contrary to the conventional
arrangement of cylindrical shaped inserts disposed at an
acute angle toward the inclined end of a prior art slip
(Figs. 1A-3B), the slip body 120 of the present disclosure
has inserts 130 in an entirely different orientation. As
shown in Figures 4A-4B, the slip body 120 can include
one or more elements or segments of the slip assembly
100. The slip segment 120 is composed of a first material
and has at least one insert 130 composed of a second
material exposed in the segment’s outer surface 124.
The first and second materials are preferably different,
but they could be the same. In general, the first material
of the slip segment 120 can be cast iron, composite, or
the like. Preferably, the slip segment 120 is composed
of a millable material, such as a non-metallic material, a
molded phenolic, a laminated non-metallic composite,
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an epoxy resin polymer with a glass fiber reinforcement,
etc.

[0079] The second material of the inserts 130 can be
metallic or non-metallic materials. For example, the in-
serts 130 can be composed of carbide or a metallic-ce-
ramic composite material as conventionally used in the
art. In general, the inserts 130 can be composed of a
cast iron, a composite, a ceramic, a cermet (i.e., com-
posites composed of ceramic and metallic materials), a
powdered metal, or the like. Additionally, the inserts 130
preferably have a sufficient hardness, which may be a
hardness equivalent to about 50-60 Rc.

[0080] As shown, the slip segment 120 is relatively thin
and is generally elongated, being longer than it is wide.
Although this configuration is not strictly necessary, the
slip segment 120 does generally define a centerline run-
ning longitudinally along its length. The slip’s centerline
runs parallel to the centerline CL of the tool's mandrel
30, and when the slip segment 120 is moved for setting
against surrounding casing C, the slip segment 120
moves away from the mandrel’s centerline CL.

[0081] The slip segment 120 has inner and outer sur-
faces 122 and 124 and has first and second ends. The
firstendis tapered with anincline 123 on the inner surface
122, which engages against the inclined surface 33 of
the cone 32, as shown in Figure 4B. The slip’s incline
123 defines a first angle 6 relative to the centerline CL
of the assembly 100 (i.e., of the tool T, the slip segment
120, the mandrel 30, and the like). As shown in Figure
4B, the cone’s inclined surface 33 defines a second angle
0, relative to the center axis or centerline CL. In a pre-
ferred arrangement, the two inclined angles 6, and 6,
are the same or nearly the same.

[0082] When initially run in hole, the slip segment 120
is disposed with the inner surface 122 adjacent the down-
hole tool's mandrel 30, as shown in Figure 4A. During
activation, the slip segment 120 moves away from the
downhole tool through the interaction of the slip’s incline
123 with the cone’s inclined surface 33. Rather than hav-
ing the inserts 130 angled at an angle according to the
prior art, the inserts 130 have axes A angled away from
the inclined end of the slip segment 120. In this arrange-
ment, the inserts 130 are oriented in a manner that trans-
fers the load directly through the bottom end of the insert
130, which puts the insert 130 in compression against
the casing C. This load arrangement reduces the stress
on the non-metallic slip segments 120 and enhances the
performance of the non-metallic inserts 130, which in
general preferably have good compressive strength.
[0083] As depicted in Figure 5, the distal ends of the
inserts 130 have one or more angled or conical surfaces
exposed on the slip segment 120 that allow for proper
engagement and load transfer to the casing C. In general,
the insert 130 has a body, which can be cylindrical, rec-
tangular, or any other suitable shape. The base or bottom
end of the insert 130 can be flat to evenly distribute load.
[0084] As is typical, the insert 130 can be constructed
from a long, wide bar or rod that is then machined to the
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prior length and width and given suitable faces. This tech-
nique is well suited for carbide or other hard types of
materials and may also be used for other disclosed ma-
terials. Alternatively, the inserts 130 can be cast directly
with the desired surfaces and sizes needed, if the mate-
rial and tolerances allow for this.

[0085] In contrast to the flat bottom ends, the top end
of the insert 130 can have one or more angled faces 136
and 138 on either side of the body’s center axis A. A lead
face 136, for example, angles from the central axis A at
a lead angle, which creates a wicker edge 137. When
exposed in the slip’s outer surface, this lead face 136
faces toward the inclined end of the slip segment 120.
[0086] The sharpness of the edge 137 can be in-
creased by a tail face 138 on the insert 130, which can
angle from the central axis A at a tail angle. The tail face
138 faces toward the butt end of the slip segment 120,
but other arrangements of inserts 130 do not necessarily
have such a tail face 138. These faces 136 can be circular
orrectilinear depending on the shape of the insert’s body.
Further details of the various angles, faces 136 and 138,
central axis A, and other features of the insert 130 will
now be discussed below.

[0087] As shown in the geometric arrangement for the
slip assembly 100 in Figure 5, the inclined surface 33 of
the cone 32 as noted above defines an angle 0, roughly
the same as the angle 0 of the slip’s incline 123. In gen-
eral, the angles 64, 0, between the slip segment 120 and
cone 32 can be from 5 degrees to 75 degrees, but pref-
erably the angles 6,, 6, are around 15-degrees, which
will be used in the examples herein.

[0088] As noted above, the top end of the insert 130
is exposed in the outer surface 124 of the slip segment
120, and the axis A of the insert 130 is oriented oblique
(not perpendicular or parallel) to the centerline CL of the
assembly (i.e., of the slip segment 120, mandrel 30, tool,
and the like). In fact, the axis A is shown oriented at a
first obtuse angle o, relative to the centerline CL. More-
over, as specifically shown in the present arrangement,
the axis A of the insert 130 is preferably oriented normal
to the incline 123 on the slip segment 120 so that the
bottom end 134 of the insert 130 is parallel to the incline
123.

[0089] Withtheinsert 130 disposed inthe slip segment
120 normal to the incline 123, the angle a of the lead
face 136 is selected based on the angle 6, of the incline
123 such that the face’s angle a defines a second obtuse
angle o, relative to the centerline CL. The second obtuse
angle o, is approximately the sum of 90 degrees plus the
first angle 64 of the incline 123 and the angle a of the
lead face 146. As shown here, for example, the angle 0,
of the incline 123 can be approximately 15-degrees, and
the angle o of the lead face 146 on the insert 130 can be
approximately 55-degrees. This would provide the lead
face 56 with an angle p of about 20-degrees outward
from the outer surface 124 of the slip segment 120.
[0090] These angles can vary depending on the imple-
mentation, the diameter of the tool, the number of inserts
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130in the slip segment 120, the number of slips 120 used
in the assembly 100, and other factors. In general, an
incline angle 84 of 15-degrees, plus or minus 5-degrees
either way may be preferred. Likewise, the angle o of the
lead face 136 may preferably be 55-degrees, plus or mi-
nus 10 or 15-degrees either way.

[0091] In a conventional arrangement discussed pre-
viously with reference to Figures 1A-1C, for example, the
normal load acting on a prior art insert 24 from the cone
12 causes a point load on the slip 20 against the insert
24, which leads to fracturing. In the disclosed arrange-
ment of Figures 4A-4B and 5, however, stress on the
non-metallic slip segment 120 can be reduced because
the normal load from the cone 32 is distributed against
the bottom end 134 of the insert 130. Moreover, shear
loads on the inserts 130 in the disclosed arrangement
can be reduced, allowing the inserts 130 to perform at
higher loads-even when the inserts 130 are non-metallic.
Thus, the disclosed slip and insert design is believed to
allow for higher loads/pressures than the conventional
composite slip designs.

[0092] Slip assemblies having slip segments 120 with
inserts 130 as described above can be used on any of a
number of downhole tools. Additionally, the geometry of
the inserts 130 can be used on other types of inserts
disclosed herein. In particular, Figure 6A illustrates a
downhole tool T in partial cross-section having slip as-
semblies 100 according to the present disclosure. The
downhole tool T can be a bridge plug as shown, but it
could also be a packer, a liner hanger, an anchoring de-
vice, or other downhole tool.

[0093] The tool T has a mandrel 30 having cones 32
and backup rings 34 arranged on both sides of a packing
element 36. Outside the inclined cones 32, the tool T has
slip assemblies 100 with one or more slip bodies or seg-
ments 120. Together, the slip segments 120 along with
its corresponding cone 32 can be referred to as a slip
assembly, or in other instances, just the slip segments
120 may be referred to as a slip assembly. In either case,
either reference may be used interchangeably through-
out the present disclosure.

[0094] As a bridge plug, the tool T of Figure 6A is pref-
erably composed mostly of non-metallic components ac-
cording to procedures and details as disclosed, for ex-
ample, in U.S. Pat. No. 7,124,831, which is incorporated
herein by reference in its entirety. This makes the tool T
easy to mill out after use. When deployed downhole, the
plug T is activated by a wireline setting tool (not shown),
which uses conventional techniques of pulling against
the mandrel 30 while simultaneously pushing upper com-
ponents against the slip segments 120 of the assemblies
100. The plug T can be set in other ways, such as being
set hydraulically with a hydraulic setting tool. As a result,
the slip segments 120 ride up the cones 32, the cones
32 move along the mandrel 30 toward one another, and
the packing element 36 compresses and extends out-
ward to engage a surrounding casing C. The backup el-
ements 34 control the extrusion of the packing element
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36.

[0095] The slip segments 120 are pushed outward in
the process to engage the wall of the casing C, which
both maintains the plug T in place in the casing C and
keeps the packing element 36 contained. The slip seg-
ments 120 divide, split, tear, or otherwise separate from
one another along recesses, cuts, edges, or other divi-
sions 125 that run longitudinally at least partially along
the inside of the assembly 100. The number of these
features can vary for a given implementation. In some
examples, as many as six separate slip segments 120
may be provided around the circumference of the slip
assembly 100, although there could be any number of
slips.

[0096] The force used to set the plug T may be as high
as 30,000 Ibf. and could be as high as 85,000 Ibf. These
values are only meant to be examples and could vary for
the size of the plug T. In any event, once set, the plug T
isolates upper and lower portions of the casing C so that
frac and other operations can be completed uphole of
the plug T, while pressure is kept from downhole loca-
tions. When used during frac operations, for example,
the plug T may isolate pressures of 10,000 psi or so.
[0097] Aswillbe appreciated, any slipping orloosening
of the plug T can compromise operations. Therefore, it
is important that the slip segments 120 sufficiently grip
the inside of the casing C. At the same time, however,
the plug T and most of its components are preferably
composed of millable materials because the plug T is
milled out of the casing C once operations are done, as
noted previously. As many as fifty such plugs T can be
used in one well and must be milled out at the end of
operations. Therefore, having reliable plugs T composed
of entirely of millable material is of particular interest to
operators. To that end, the slip assemblies 100 of the
present disclosure are particularly suited for such bridge
plugs T, as well as packers, and other downhole tools,
and the challenges they offer.

[0098] Various types of slip assemblies 100 can be
used for a tool T as in Figure 6A. A number of slip as-
semblies according to the present disclosure are dis-
cussed below.

[0099] As in Figures 6B-6D, the slip assemblies 100
can each have two types of inserts or buttons 130 and
150 according to the present disclosure. It will be appre-
ciated, of course, that the slip assemblies 100 can have
only one type of inserts or buttons 130 and 150 as pro-
posed herein. Additionally, it will be appreciated that the
slip assemblies 100 one each end can be similar to one
another as shown or can be different from one another.
[0100] For reference, Figure 6B illustrates a perspec-
tive view of a slip assembly 100 for the disclosed tool T
of Figure 6A. Figure 6C illustrates a perspective view of
a first insert type for the disclosed slip assembly 100,
while Figure 6D illustrates a perspective view of a second
insert type for the disclosed slip assembly 100.

[0101] As shown in Figure 6C, one or more of the in-
serts 130 are similar to those discussed previously. As
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shown in Figure 6D, the other inserts 150, which are dis-
cussed in more detail below, are units having one or more
buttons or inserts 152a-b disposed on a base 154 from
which the one or more inserts 152a-b extend.

[0102] Ingeneral, the base 154 encompasses a great-
er surface area than the one or more inserts 152a-b. For
example, two inserts 152a-b can be used adjacent one
another on the base 154, which interconnects the two
inserts 152a-b. As such, these insert units 150 can orient
together in holes and pockets of the slip segment 120.
Although two inserts 152a-b are shown, it will be appre-
ciated that the units 150 can have one or more inserts
152.

[0103] When the assembly 100 of Figures 6A-6B is
used on a tool, such as plug T, to set against a surround-
ing surface, such as a casing wall, the slip segments 120
are moved toward the adjacent surface by interacting the
inclines 123 with the inclined surface of the tool, such as
provided by the cone 32. Load from the cone’s inclined
surface is transmitted to the first surface area of the base
154 on the segment 120. If the base 154 is exposed at
theincline as in Figure 6B, then the load transfers directly
from the cone’s incline surfaced to the base 154. Other-
wise, an intermediate portion of the segment’s 120 ma-
terial may be interposed between the base 154 and
cone’s surface if the base 154 is embedded in the slip
segment 120.

[0104] The load from the first surface area of the base
154 is transmitted to the second (smaller) surface area
of the one or more inserts 152a-b extending from the
base 154. As noted herein, the load can be transferred
along axes of these inserts 152a-b normal to the inclined
surface. Therefore, it is preferred that the base 154 be
orieinted parallel to the incline 123 and that the inserts
152a-b be oriented normal to the base 154 (and by ex-
tension the incline 123), although it is possible for the
base 154 to be differently while the inserts 152a-c are
still oriented normal to the incline 123 or for for the base
154 to be orieinted parallel while the inserts 152a-c are
oriented differently. Either way, the load from the second
surface area of the one or more inserts 152a-b is trans-
ferred to the one or more distal ends of the inserts 152a-
b exposed beyond the body the segments 120 so the
distal ends can egage against the adjacent surface.
[0105] Assemblling the slip assembly 100 can involve
anumber of steps. In general, a body of the slip assembly
100, such as integrated segments 120 as in Fig. 6B, is
formed having first and second surfaces and having first
and second ends with a portion of the first surface at the
first end having an incline relative to a centerline of the
body. Forming the body of the slip assembly 100 can use
molding, casting, machining, and the like and can depend
on the type of material used. The body of the assembly
100 as noted herein can have independent segments, if
desired.

[0106] At least one insert unit 150 is formed having a
base 154 with afirst surface area and having one or more
inserts 152a-b with a second surface area less than the
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first surface area. As noted herein, the base 154 and
inserts 152a-b can be integrally or separately formed us-
ing machining, casting, molding, etc., and they can be
made of the same or different materails. The base 154
of the insert unit 150 is disposed on the body of the as-
sembly 100 at a base angle relative to the incline 123,
and the one or more inserts 152a-b of the insert unit 150
are disposed on the body extending from the base 154
with one or more distal ends exposed at the second sur-
face of the body. As noted herein, disposing the base
154 and inserts 152a-b may involve inserting these into
exposed holes and slots, which can be machined into
the assembly’s segments 120. Alternatively, the base
154 and/or the inserts 152a-b can be molded embedded
into the material of the assembly’s segments.

[0107] Once formed, the slip assembly 100 can be in-
stalled on a tool, such as a bridge plug, along with the
other components. If the assembly 100 has independent
segments 120, then retention bands may be installed to
hold the segments around the mandrel of the tool. These
and other conventional steps would be performed to com-
plete the slip assembly 100.

[0108] Looking now at Figures 7A-7B, side cross-sec-
tion and end views show a slip assembly 100 according
to the present disclosure, which can be similar to the
assembly of Figure 6B. The slip assembly 100 includes
a slip body 120 having inner and outer surfaces 126 and
128 and having first and second ends 122 and 124. The
firstend 122 is tapered with an incline 123 at a first angle
on the inner surface 126 relative to a centerline CL of the
slip body 120. When used on a downhole tool (not
shown), the slip body 120 is disposed with the inner sur-
face 126 adjacent the tool's mandrel (30) and movable
away from the tool through interaction of the incline 123
with the cone (32) of the tool.

[0109] The slip body 120 of the assembly 100 can be
made up of a plurality of independent segments or a plu-
rality of integrated segments, such as shown. Thus, slip
body and segment may be used interchangeably herein.
The integrated segments 120 can be separated from one
another by divisions, such as shown.

[0110] In the current configuration, this slip assembly
100 is of a shallow cone type with the ends 122 of the
various slip segments 120 defining shallow cone surfac-
es 123, although it could have steep cone surfaces. The
divisions 125 in the form of edges, scores, or the like at
least partially separate the various slip segments 120
around the circumference of the assembly 100. The inner
cylindrical surface 126 may lack divisions. More or less
separation between the slip segments 120 can be pro-
vided, as will be appreciated.

[0111] Inserts 130 on the slip segments 120 can be
similar to those disclosed previously. As such, these in-
serts 130 dispose in partial holes 113 in the outer surface
128 of the assembly 100 and are oriented to be substan-
tially normal to the cone surface (32) when engaged
against the segments’ cone surfaces 123, as discussed
above.
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[0112] Insertunits 150 are disposed toward the incline
123 of the segments 120 with the bases 154 of the units
150 exposed as part of the incline 123 of the assembly
100. Being exposed as part of the incline, the base 154
of the unit 150 is disposed at a base angle comparable
(parallel) to the angle of the incline 123.

[0113] The insert units 150 dispose in first holes 115
and pockets 117 defined in the segments 120 so that the
top ends of the inserts 152a-b on the units 150 are ex-
posed above the outside surface 128 of the assembly
100. Accordingly, the inserts 152a-b on the units 150 are
arranged to be substantially normal to the cone surface
(32) when engaged against the segments’ inclines 123
and the units’ bases 154.

[0114] As mentioned above, the insert units 150 dis-
posed on the slip segment 120 each have a base 154
and have one or more first inserts 152a-b disposed on
the base 154. Here, the units 150 each have two inserts
152a-b, although other configurations can be used (i.e.,
the units 150 can also have one insert 152 or more than
two inserts 152). Distal ends of the inserts 152a-b are
exposed in the outer surface 128 of the slip segments
120, and angles of the bases 154 of the units 150 are
disposed parallel to the inclines 123 of the slip segments
120.

[0115] In the present example, the base 154 is sub-
stantially flat and is a rectangular plate in shape. In gen-
eral, the base 154 can have any shape and does not
have to be flat. For example, the base 154 can have a
slight curvature or angle to it. In any event, the base 154
is disposed on the slip body 120 at a base angle relative
to the centerline CL. Again, being exposed as part of the
incline 123, the base 154 of the unit 150 is disposed at
a base angle C comparable (parallel) to the angle of the
incline 123.

[0116] In the end, the base 154 is wide and provides
a larger surface area to distribute load. For example, the
inserts 152a-b on the base 154 may have a 0.313-in di-
ameter. The largest possible load distribution area for
the inserts 152a-b alone would be 0.076-in2. However,
the base 154 can be 1-in wide by 0.4-in long. In this case,
the insert 152a-b with the 0.313-in diameter would have
a load distribution area of 0.4-in2.

[0117] The base 154 has its long side disposed along
the tapered end 122 of the slip assembly 100, and the
inserts 152a-b are disposed side-by-side along the long
side of the rectangular base 154, as best shown in Figure
7B. As also shown in Figure 7B, the inserts 152a-b extend
on front axes Ag, which are orthogonal to the long side
of the rectangular base 154. As shown in Figure 7A, the
inserts 152a-b also extend on side axes Ag, which are
orthogonal to the short side of the rectangular plate 154.
Accordingly, the side axes Ag of the inserts 152a-b define
an obtuse angle Z relative to the outer surface of the
assembly 100. This obtuse angle Z is related to the angle
C of the incline 123 in that the side axes As are perpen-
dicular (or at least approximately perpendicular) to the
incline 123. In one embodiment wherein the angle of the
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incline 123 is C, the obtuse angle Z is about C plus 90-
degrees, although equivalent variations of plus or minus
various degrees can achieve the same purposes and re-
sults.

[0118] Although shown having two inserts 152a-b, the
insert unit 150 can have any number of inserts. The in-
serts 152a-b can be disposed at any angle relative to one
another and can be disposed at any angle relative to the
base 154. The base 154 can be disposed on the inside
of the segments’ inclines 123 or elsewhere, and the in-
serts 152a-b can be long enough to protrude from the ID
to the OD of the slip assembly 100 to provide a direct
load distribution. Alternatively, the base 154 can be em-
bedded or molded in the slip assembly 100 a distance
from the incline 123, and the inserts 152a-b can extend
past the OD of the slip assembly 100.

[0119] Having several inserts 152a-b combined into
one piece as the unit 150 can speed up assembly steps
and can allow the bigger base 154 to distribute the load.
By utilizing this design, the insert configuration is still ad-
justable as with historical solutions, but the contact be-
tween the inserts 152a-b and slip segment 120 as well
as the slip segment 120 and cone (32) is greatly in-
creased.

[0120] As before, the slip body or segments 120 can
be composed of a first material, and the inserts 130 and
insert units 150 can be composed of second materials,
which can be the same or different from the first material.
In general, the material of the slip body or segments 120
can be a cast iron, a metallic material, a non-metallic
material, a composite, a millable material, a molded phe-
nolic, alaminated non-metallic composite, an epoxy resin
polymer with a glass fiber reinforcement, or a combina-
tion thereof. The material of the inserts 130 and units 150
can be ametallic material, a non-metallic material, a com-
posite, a millable material, a carbide, a metallic-ceramic
composite material, a castiron, a ceramic, a cermet (i.e.,
composites composed of ceramic and metallic materi-
als), a powdered metal, a molded phenolic, a laminated
non-metallic composite, an epoxy resin polymer with a
glass fiber reinforcement, or a combination thereof.
[0121] The insert units 150 can be composed of a sin-
gle material and can be manufactured by a combination
of casting and machining. Alternatively, the base 154 and
inserts 152a-b can be manufactured as different compo-
nents and combined together. As such, the base 154 and
inserts 152a-b can be composed of different materials or
the same materials. If the inserts 152a-b are manufac-
tured separate from the base 154, the inserts 152a-b can
affix to the base 154 before assembly of the insert unit
150 on the slip segments 120. Alternatively, the inserts
152a-b and base 154 may be independently affixed to
the slip segment 120 using conventional techniques and
may abut or contact one another. These and other man-
ufacturing techniques can be used. In one particular im-
plementation, the base 154 and inserts 152a-b are com-
posed of a sintered powdered metal and are molded into
a composite material of the slip segment 120.
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[0122] As noted above, the side axes Ag of the inserts
152a-b can be normal to the incline 123 on the slip seg-
ments 120 so the axes Ag will be perpendicular to the
cone’s inclined surface (33) when engaged thereagainst.
Because the slip segments 120 fit around a cylindrical
tool, the slip segments 120 can define arcuate or partial
cylindrical surfaces 126 and 128 as shown in Figures 7A-
7B. The frontaxes A of the inserts 152a-b can be parallel
to one another, as in Figure 7B. Alternatively, the front
axes A for the inserts 152a-b can be normal to the cur-
vature of the assembly 100. The separate inserts 130
can be similarly arranged as the units’ inserts 152a-b or
may be arranged differently. In fact, the assemblies 100
or one or more the segments 120 may lack such separate
inserts 130. These and other orientations can be used.
[0123] Another slip assembly 100 in Figures 8A-8B is
similar to that discussed above. Here, the bases 154 of
the insert units 150 are not exposed at the cone inclines
123 of the assembly 100. Instead, the base 154 of insert
units 150 dispose away from the cone inclines 123, and
the inserts 152a-b are disposed in partial holes 115 de-
fined in the outside surface 128 of the assembly 100.
Even though it is embedded, the base 154 of the unit 150
is disposed at a base angle C comparable (parallel) to
the angle of the incline 123, although variation in the base
angle can be used.

[0124] Assembly for this arrangement may involve
molding the insert units 150 in place when forming the
composite slip assembly 100. Alternatively, the bases
154 can be molded as separate components in place in
the segments 120, and the inserts 152a-b can be posi-
tioned as separate components in holes 115 and affixed
using known techniques. Either way, the base 154 can
support the proximal ends of the inserts 152a-b and can
have flat or angled surfaces to orient the inserts 152a-b
as desired.

[0125] In this arrangement contrary to previous ar-
rangements, the front axes Ag of the inserts 152a-b of
the units 150 diverge from one another. When disposed
about the assembly 100, the axes A can be arranged
to extend radially around the circumference of the as-
sembly 100, as best shown in Figure 8B.

[0126] Rather than having assemblies 100 with prac-
tically continuous ringed bodies having the segments 120
formed by partial divisions 125, more segmented assem-
blies can be used. For example, Figures 9A-9B illustrate
side cross-section, end, and perspective views of yet an-
other slip assembly 100 according to the present disclo-
sure. The segments 120 in this assembly 100 have well-
defined divisions or separations 125. In fact, the various
segments 120 are practically independent components
interconnected by bridges, rings, or other portions of the
assembly 100 between the segments 120. In other im-
plementations, the segments 120 can be completely in-
dependent from one another and can be held together
by retention bands or the like, as known in the art.
[0127] The one or more inserts 152a-b disposed on
the insert units 150 for the disclosed slip assemblies 100
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can have various configurations. A number of such ar-
rangements are discussed below. Figures 10A-10C illus-
trate front, side, and perspective views of an insert unit
150a according to the present disclosure. The unit 150a
has a pair of inserts 152a-b disposed side-by-side on an
interconnecting base 154 similar to what was disclosed
abocve with reference to Figures 6B, 6D, and 7A-8B. As
best shown in Figure 10B, the distal ends of the inserts
152a-b can have angled faces 136, 138 similar to those
disclosed elsewhere herein. As best shown in Figure
10A, the front axes Ag of the inserts 152a-b are parallel
to one another and are generally perpendicular to the
base 154. As best shown in Figure 10B, the side axes
Ag of the inserts 152a-b are generally perpendicular to
the base 154.

[0128] Figures 11A-11C illustrate front, side, and per-
spective views of another insert unit 150b according to
the present disclosure. The unit 150b has a pair of inserts
152a-b disposed side-by-side on an interconnecting
base 154. The distal ends of the inserts 152a-b can have
cylindrical surfaces 153 as disclosed herein. As best
shown in Figure 11A, the front axes Ag of the inserts
152a-b are parallel to one another and are generally per-
pendicular to the base 154. As best shown in Figure 11B,
the side axes Ag of the inserts 152a-b are generally an-
gled relative to the base 154 at an angle B, which can be
about 110-degrees.

[0129] Figures 12A-12C illustrate front, side, and per-
spective views of yet another insert unit 150c according
to the present disclosure. The unit 150c has a pair of
inserts 152a-b disposed side-by-side on an interconnect-
ing base 154. The distal ends of the inserts 152a-b can
have angled surfaces 136, 138 as disclosed herein. As
best shown in Figure 12A, the front axes Ag of the inserts
152a-b diverge from one another and are generally an-
gled at an angle, which may or may not be related to the
radius of curvature of the assembly 100. As best shown
in Figure 12B, the side axes Ag of the inserts 152a-b are
generally perpendicular to the base 154. In other arrang-
ments, the sides axes As of the inserts can diverge from
one another. For example, one side axis As of an insert
152a can be perpendicular to the base 154, while the
axis As of the adjacent insert 152b can be at a different
angle. Likewise, each of the adjacent insersts 152a-b
can have different angles diverging from perpendicular
to the base.

[0130] As will be appreciated, the insert units 150 as
disclosed herein can include and combine one or more
of the features of the insert units 150a-c disclosed above.
Accordingly, the insert unit 150a of Figures 10A-10C or
the unit 150c of Figures 12A-12C can have cylindrical
ends on one or more of the inserts 152a-c. The ends of
one or more of the inserts 152a-b on the unit 150b of
Figures 11A-11B can have angled surfaces, and any of
the insert units 150a-c can have the various faces and
axes Ag and Ag, as disclosed herein.

[0131] In previous arrangements, the insert units 150
were oriented across the inclined end of the slip assembly
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100. Other configurations can be used. Forexample, Fig-
ure 13 illustrates a cross-sectional view of another con-
figuration of an insert unit 150d in a slip assembly 100
according to another arrangement. Here, the base 154
is disposed on a portion of the slip’s incline 123 as before,
but it is oriented lengthwise along the length of the slip
segment 120. Being exposed as part of the incline 123,
the base 154 of the unit 150 is disposed at a base angle
comparable (e.g., parallel) to the angle of the incline 123.
[0132] The base 154 has side-by-side inserts 152c-d
along it length. These inserts 152c-d are of different
lengths that extend to the outside surface 128 of the seg-
ment 120 so that their distal ends lie exposed together
on the segment’s surface. Although the base 154 is ex-
posed as part of the incline 123, the base 154 could be
embedded in the slip body 120 and could be orieinted at
a variation in the angle to the incline 123.

[0133] Figure 14Aillustrates a perspective view of the
slip assembly 100 with insert units 150d of Figure 13. As
can be seen, each segment 120 can have two adjacently
arranged units 150d with the different sized inserts 150c-
d disposed front-to-back. Particulars of the insert units
150d are shown in Figure 14B.

[0134] The sideways and lengthwise arrangements of
the insert units disclosed above can be combined togeth-
er to provide yet another insert unit for use with a slip
assembly. As shown in Figure 14C, this insert unit 150e
includes four inserts 152c-d disposed on the base 154,
although more or less could be used. The front inserts
152c have the same length, and the back inserts 152d
have a greater length.

[0135] In the present disclosure, terms such as body,
element, and segment may be used for a slip assembly
as awhole, for an individual slip, or for one slip of several
slips on a slip assembly. Likewise, terms such as assem-
bly, unit, or body may be used interchangeably herein.
[0136] Theforegoingdescription of preferred and other
embodiments is not intended to limit or restrict the scope
or applicability of the inventive concepts conceived of by
the Applicants. It will be appreciated with the benefit of
the present disclosure that features described above in
accordance with any embodiment or aspect of the dis-
closed subject matter can be utilized, either alone or in
combination, with any other described feature, in any oth-
er embodiment or aspect of the disclosed subject matter.
[0137] In exchange for disclosing the inventive con-
cepts contained herein, the Applicants desire all patent
rights afforded by the appended claims. Therefore, it is
intended that the appended claims include all modifica-
tions and alterations to the full extent that they come with-
in the scope of the following claims or the equivalents
thereof.

Claims

1. A downhole apparatus, comprising:
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a slip body having first and second surfaces and
having first and second ends, a portion of the
first surface at the first end having an incline rel-
ative to a centerline of the slip body, the slip body
movable through interaction of the incline; and
atleastone insert unitdisposed on the slip body,
the at least one insert unit having a base and
having at least two first inserts extending from
the base, the base disposed on the slip body at
a base angle relative to the centerline and hav-
ing a first side disposed across the first end of
the slip body, the at least two first inserts dis-
posed side-by-side along the first side of the
base, first distal ends of the at least two first in-
serts each exposed at the second surface of the
slip body.

The apparatus of claim 1, wherein the base angle is
disposed parallel to the incline of the slip body,
wherein the base of the at least one insert unit com-
prises a bottom surface exposed at the incline of the
inner surface, and/or wherein the base encompass-
es a greater surface area than the at least two first
inserts.

The apparatus of claim 1 or 2, wherein the slip body
comprises one or more independent segments of a
slip assembly; one or more integrated segments of
the slip assembly; or one or more integrated seg-
ments of the slip assembly separated from one an-
other by divisions.

The apparatus of claim 1, 2, or 3, wherein the atleast
two first inserts are integrally formed with the base,
wherein the base of the at least one insert unit is
composed of a different material than the at least
two first inserts, or wherein the at least two first in-
serts each comprise a proximal end disposed adja-
cent a surface of the base.

The apparatus of any one of claims 1 to 4, wherein
the at least two first inserts each extend along a front
axis relative to the first side of the base and each
extend along a side axis relative to a second side of
the base.

The apparatus of claim 5, wherein the front axes of
the at least two first inserts are parallel to one anoth-
er.

The apparatus of claim 5, wherein the front axes of
the at least two firstinserts diverge from one another.

The apparatus of claim 5, 6, or 7, wherein the side
axes are oriented oblique to the centerline of the slip
body, and optionally wherein the side axis of at least
one of the at least two first inserts is substantially
normal to the incline.
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The apparatus of any one of claims 1 to 8, wherein
the first distal ends of the at least two first inserts
each define a lead face toward the first end of the
slip body, the lead face defining a lead angle relative
to the centerline of the slip body, and optionally
wherein the first distal ends each define a tail face
toward the second end of the slip body, the tail face
defining a tail angle relative to the centerline of the
slip body.

The apparatus of any one of claims 1 to 9, wherein
the base of the at least one insert unit comprises a
second side disposed lengthwise on the slip body
from the first end toward the second end; and where-
in the at least two first inserts comprises first inserts
disposed side-by-side along the second side of the
base.

The apparatus of any one of claims 1 to 10, further
comprising at least one second insert disposed on
the slip body and having a second distal end exposed
in the second surface of the slip body.

The apparatus of claim 11, wherein the at least one
second insert defines an axis being oriented oblique
to the centerline of the slip body.

The apparatus of any one of claims 1 to 12, further
comprising a tool body having an inclined surface
for interacting with the incline of the slip body, and
optionally wherein the inclined surface comprises a
cone disposed on the tool body.

The apparatus of any one of claims 1 to 13, wherein
the apparatus comprises a plug, a packer, a liner
hanger, an anchoring device, or a downhole tool.

A method of setting a slip on a downhole tool against
an adjacent surface, the method comprising:

moving a body of the slip toward the adjacent
surface by interacting an incline at a first end of
the body with an inclined surface of the tool;
transmitting load from the inclined surface to a
base on the body having a first surface area, the
base oriented at a base angle relative to the in-
cline;

transmitting the load from the first surface area
of the base to at least two inserts on the body
extending from a first side of the base disposed
accross the first end of the slip body, the at least
two inserts having a second surface area less
than the first surface area; and

transmitting the load from the second surface
area of the at least two inserts to distal ends of
the atleasttwo inserts exposed beyond the body
the slip; and

engaging the distal ends against the adjacent
surface.
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