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BI-DIRECTIONAL SPRING CONE IN LINER HANGER SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present document is based on and claims priority to U.S. Provisional Patent
Application Serial No. 62/869,225, filed July 1, 2019, which is incorporated herein by
reference in its entirety.

BACKGROUND

[0002] A liner hanger system is used to hang a liner in a previously installed casing or
liner. The system usually includes a liner hanger to provide anchoring and a packer to provide
sealing. The slips on the hanger after set are engaged with the casing to provide the hanging
load (in the downward direction). Hold-down slips on the liner top packer are meant to hold
the load from the opposite direction (upward direction). The liner top packer also has an
elastomeric element, which will be energized to seal the annulus between the liner and the

casing after being set.

[0003] Normally, the liner hanger system is conveyed downhole with the liners using a
running/setting tool. Hydraulically or mechanically, the slips are set by pushing a part having
a cone profile to ramp the slips up to contact the casing. The upward load is usually due to the
well accidental discharge, downhole frac/stimulation pumping operations. In a worst case
scenario, this upward load could be larger than the hanging load (downward), which is the
effective liner weight downhole. As a result, the packer slips could be relaxed due to this load
reversal. The elastomeric element on the liner top packer may not be optimally energized due
to the back off caused by the load reversal. As a result, the entire liner hanger system may fail
to hang the liners or to seal the annulus, causing a catastrophic incident. Accordingly, there is

a need to mitigate the risk of liner hanger system failure due to load reversal.
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SUMMARY

[0004] A system for hanging tubing in a wellbore according to one or more embodiments
of the present disclosure includes a tubular body, a plurality of lower slips mounted along the
tubular body, a spring cone disposed around the tubular body and fixed to the plurality of lower
slips, the spring cone comprising a lock ring having a ratchet profile, and a packer element

disposed around the tubular body, below and adjacent the spring cone.

[0005] A method according to one or more embodiments of the present disclosure includes
conveying a liner hanger system downhole into a cased wellbore, the liner hanger system
including a tubular body, a plurality of lower slips mounted along the tubular body, a spring
cone disposed around the tubular body and fixed to the plurality of lower slips, the spring cone
including: a lock ring having a ratchet profile, and a cone profile, and a packer element
disposed around the tubular body, below and adjacent the spring cone, the packer element
including an elastomeric element, actuating the plurality of lower slips against the cone profile
of the spring cone to create a setting load that forces the plurality of lower slips radially outward
into engagement with the casing, and compresses the spring cone, and transferring the setting
load through the spring cone to energize the packer element to seal an annulus between a liner
and the casing, wherein the lock ring having the ratchet profile prevents the spring cone from

moving in an upward direction after compression.

[0006] A method of manufacture according to one or more embodiments of the present
disclosure includes dividing a cylinder into a plurality of sections arranged in sequence, cutting
a plurality of slots into each section of the plurality of sections in a slot pattern, and disposing

a lock ring having a ratchet profile near a middle of the cylinder.

[0007] However, many modifications are possible without materially departing from the
teachings of this disclosure. Accordingly, such modifications are intended to be included

within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0008] Certain embodiments of the disclosure will hereafter be described with reference to
the accompanying drawings, wherein like reference numerals denote like elements. It should
be understood, however, that the accompanying figures illustrate the various implementations
described herein and are not meant to limit the scope of various technologies described herein,

and:

[0009] FIG. 1 is an illustration of a liner hanger system with a spring cone according to

one or more embodiments of the present disclosure;

[0010] FIG. 2 is a slotted cylinder spring with associated geometric parameters according

to one or more embodiments of the present disclosure;

[0011] FIGS. 3A and 3B are examples of different types of slots according to one or

more embodiments of the present disclosure;

[0012] FIG. 4 is a bi-directional spring cone before setting according to one or more

embodiments of the present disclosure;

[0013] FIG. 5 is a bi-directional spring cone after setting according to one or more

embodiments of the present disclosure; and

[0014] FIG. 6 is an example of spring cone load-deflection performance according to one

or more embodiments of the present disclosure.

DETAILED DESCRIPTION

[0015] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be understood
by those of ordinary skill in the art that the apparatus and/or method may be practiced without
these details and that numerous variations or modifications from the described embodiments

may be possible.

[0016] In the specification and appended claims: the terms “up” and “down,” “upper” and
“lower,” “upwardly” and “downwardly,” “upstream” and “downstream,” “uphole” and
“downhole,” “above” and “below,” and other like terms indicating relative positions above or



WO 2021/003089 PCT/US2020/040103

below a given point or element are used in this description to more clearly describe some

embodiments of the disclosure.

[0017] The present disclosure generally relates to an apparatus and method to mitigate the
risk of liner hanger system failure due to load reversal. More specifically, one or more
embodiments of the present disclosure relate to an apparatus and method for spring loading
components of the liner hanger system in case of the load reversal. According to one or more
embodiments of the present disclosure, a bi-directional spring cone may provide the required

retentive load to mitigate the risk of liner hanger system failure due to load reversal.

[0018] Referring generally to FIG. 1, an illustration of a liner hanger system with a spring
cone according to one or more embodiments of the present disclosure is shown. The liner
hanger system 10 may be used to suspend a liner in a wellbore 11 that has been cased with a
casing 13. In one or more embodiments of the present disclosure, the liner hanger system 10
may be conveyed downhole into the cased wellbore 11 using a running or setting tool, for
example. As shown in FIG. 1, the liner hanger system 10 includes a tubular body 12 and a
lower slip 14 mounted along the tubular body 12. In one or more embodiments of the present
disclosure, the lower slip 14 may include teeth, ratcheting, or gripping elements to allow the
lower slip 14 to bite into and grip the casing 13. Although only one lower slip 14 is shown in
FIG. 1, a plurality of lower slips 14 may be mounted along the tubular body 12 according to

one or more embodiments of the present disclosure.

[0019] As further shown in FIG. 1, the liner hanger system 10 may also include a spring
cone 16 disposed around the tubular body 12 and fixed to the lower slip 14. In one or more
embodiments of the present disclosure, the spring cone 16 may be fixed to the lower slip 14
with at least one shear screw 18. Moreover, the spring cone 16 may include a cone profile 20
that is configured to engage a corresponding profile 21 of the lower slip 14. While FIG. 1
shows that the cone profile 20 of the spring cone 16 may be located near an end of the spring
cone 16, as long as the cone profile 20 is configured to engage a corresponding profile 21 of
the lower slip 14, the cone profile 20 may be located at another location along the spring cone
16 without departing from the scope of the present disclosure. In one or more embodiments

of the present disclosure, the spring cone 16 may also include a lock ring 22 having a ratchet
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profile 24 located near a middle of the spring cone 16. The lock ring 22 with the ratchet profile

24 is further described below.

[0020] As further shown in FIG. 1, the liner hanger system 10 may also include a packer
element 26 disposed around the tubular body 12. In one or more embodiments of the present
disclosure, the packer element 26 may include an elastomeric element 28. The elastomeric
element 28 of the packer element 26 may be located near a top of a lower liner section 30 for

sealing a liner to the casing 13 according to one or more embodiments of the present disclosure.

[0021] Still referring to FIG. 1, the liner hanger system 10 according to one or more
embodiments of the present disclosure may also include an upper cone 32 disposed around the
tubular body 12. As shown in FIG. 1, the upper cone 32 may include an engagement profile
33 in accordance with one or more embodiments of the present disclosure. As further shown
in FIG. 1, the liner hanger system 10 may also include an upper slip 34 fixed to the upper cone
32. The upper slip 34 may be fixed to the upper cone 32 via a shear screw 18, for example. In
one or more embodiments of the present disclosure, the upper slip 34 may include a
corresponding profile 35 to the engagement profile 33 of the upper cone 32. Although only
one upper slip 34 is shown in FIG. 1, a plurality of upper slips 34 may be fixed to the upper
cone 32 according to one or more embodiments of the present disclosure.

[0022] Referring now to FIG. 2, a slotted cylinder spring with associated geometric
parameters according to one or more embodiments of the present disclosure is shown. Indeed,
the spring cone 16, as previously described, may be a slotted cylinder spring according to one
or more embodiments of the present disclosure. Advantageously, the slotted cylinder spring
is able to provide high load capacity and low deflection in a limited size. As shown in FIG. 2,
in accordance with one or more embodiments of the present disclosure, the slotted cylinder
spring 36 may be made by dividing a cylindrical pipe body 38 into a plurality of sections 40
arranged in sequence, cutting a plurality of slots 42 into each section 40 of the plurality of
sections 40 in a slot pattern, and disposing a lock ring 22 having a ratchet profile 24 near a
middle of the cylindrical pipe body 38. In one level on the circumference of the cylindrical
pipe body 38 (i.e., one section 40), the slotted cylinder spring 36 has a number of slots 42 per
section 40 (Ns). In one or more embodiments of the present disclosure, Ns can be 2, 3, 4, or

more, for example. To achieve a slot pattern according to one or more embodiments of the



WO 2021/003089 PCT/US2020/040103

present disclosure, a next section 40 of the cylindrical pipe body 38 may have the same N; but
with 180/N; degrees of rotation, so that a vertical path 43 is located at the center of the previous
slot 42. With a number of sections 40 (Nis) arranged in sequence, one spring cone 16 according
to one or more embodiments of the present disclosure may be obtained. According to one or
more embodiments of the present disclosure, Nss may be 4, 5, 6, 7, 8, or more, for example.

[0023] Still referring to FIG. 2, the slotted cylinder spring 36 of the spring cone 16 may
include various material properties and geometric parameters to govern the spring performance
of the spring cone 16. For example, FIG. 2 shows geometric parameters of the slotted cylinder
spring 36 such as the inner diameter ID, the outer diameter OD, beam height h, width of cut
WOC, depth of cut DOC, length of slot L, and wall thickness b. Based on the geometric
parameters of the slotted cylinder spring 36, the spring stiffness (K) may be derived using
Equation 1, where F is the force on the cylindrical pipe body 38, S is the total displacement
produced by the force, i.e., the change in length of the cylindrical pipe body 38, F is the

Young’s Modulus, which is measured as stress ¢ (or uniaxial force per unit surface) over strain
€ (or change in length divided by original length), i.e., %, and the other geometric parameters

are as previously defined.

F _ 16'Ng'b-h*E

K =
Stot NgsL®

Eq. 1

[0024] Also based on the geometric parameters of the slotted cylinder spring 36, the spring
total length Ls may be derived using Equation 2, where the geometric parameters are as
previously defined.

Ly =(Ng+1)-(h+WOC)+h Eq. 2
[0025] Based on the required load on the lower slips 14 (and/or the upper slips 34) and the
elastomeric element 28 of the packer element 26, the geometric parameters as previously
described may be designed to yield superior spring performance. Regarding materials, the
slotted cylinder spring 36 may be made of 150KSI 17-4 PH Stainless Steel (Smith Material
Spec. ES4.39251) to achieve an ultra-high load for liner hanger applications in accordance
with one or more embodiments of the present disclosure. However, depending on the
application, the slotted cylinder spring 36 may be made out of other materials, such as

4130/4140 Steel, for example, without departing from the scope of the present disclosure.



WO 2021/003089 PCT/US2020/040103

[0026] Referring now to FIGS. 3A and 3B, examples of different types of slots 42
according to one or more embodiments of the present disclosure are shown. There may be
various ways to cut the slots 42 into the cylindrical pipe body 38 in accordance with one or
more embodiments of the present disclosure, including the straight cut 44 shown in FIG. 3A,
and the radial cut 46 shown in FIG. 3B, for example. Other types of cuts having different
shapes or geometric configurations are contemplated and may be within the scope of the
present disclosure. In one or more embodiments of the present disclosure, the straight cut 44,
such as that shown in FIG. 3A, is relatively easy, cost saving, and more suitable for smaller
slot 42 widths. In one or more embodiments of the present disclosure, the radial cut 46, such
as that shown in FIG. 3B, can minimize the difference of the arc length on the OD and ID of
the cylindrical pipe body 38, making the slot 42 deflection more uniform, especially when the
slot 42 width is relatively large. As further shown in FIG. 3B, a slot 42 may include at least
one nub 48. Although FIG. 3B shows that the slot 42 having radial cuts 46 includes the at least
one 48, slots 42 having straight cuts 44 or other types of cuts having different shapes or
geometric configurations may also include at least one nub 48 in accordance with one or more
embodiments of the present disclosure. The functionality of the at least one nub 48 is further
described below with respect to FIG. 4.

[0027] Referring now to FIG. 4, a bi-direction spring cone 16 before setting according to
one or more embodiments of the present disclosure is shown. As shown in FIG. 4, the spring
cone 16 includes a plurality of slots 42, at least one nub 48, a lock ring 22 having a ratchet
profile 24 near a middle of the spring cone 16, and a cone profile 20 as previously described.
As further shown in FIG. 4, the at least one nub 48 may added on each of the end slots 42(a)
according to one or more embodiments of the present disclosure. The end slots 42(a) are there
to transfer the load to the “effective” slots 42(b) during setting in accordance with one or more
embodiments of the present disclosure. As shown, the at least one nub 48 reduced the end slot
42(a) width by half, which forces all the slots 42 to close once the spring cone 16 is fully
compressed (FIG. 5). Full radius on the end slot 42(a) helps reduce the stress concentration
and therefore reduces local plastic deformation.

[0028] As further shown in FIG. 4, the spring cone 16 before setting is in an uncompressed
state. As previously described with respect to FIG. 1, shear screws 18 may fix the lower slip

14 to the spring cone 16 and the upper slip 34 to the upper cone 32, according to one or more
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embodiments of the present disclosure. When sufficient pressure of hydraulic fluid or other
sufficient mechanical pressure is applied to an actuator (not shown) of the liner hanger system
10, the shear screws 18 may shear to enable shifting or actuation of the lower slip 14 and the
upper slip 34. That is, when the shear screws 18 shear, the lower slip 14 shifts against the cone
profile 20 of the spring cone 16 to create a setting load that forces the lower slip 14 radially
outward into engagement with the casing 13 and compresses the spring cone 16. When
engaged with the casing 13, the lower slip 14 provides a hanging load in a downward direction.
In one or more embodiments, the shearing of the shear screws 18 also causes the upper slip 34
to shift against the engagement profile 33 of the upper cone 32 to force the upper slip 34
radially outward into engagement with the casing 13. In one or more embodiments of the
present disclosure, the generated setting load may be transferred through the spring cone 16 to
energize the adjacent elastomeric element 28 of the packer element 26 to seal an annulus
between a liner and the casing 13. That is, after setting, the lower slip 14 and/or the upper slip
34 may engage the casing 13, the spring cone 16 may be compressed, and the elastomeric
element 28 of the packer element 26 may seal an annulus between the liner and the casing 13.
As shown in FIG. 5, for example, the spring cone 16 gets solid and is in a compressed state
after setting in accordance with one or more embodiments of the present disclosure.

[0029] Advantageously, according to one or more embodiments of the present disclosure,
the lock ring 22 having the ratchet profile 24 of the spring cone 16 prevents the spring cone 16
from moving in an upward direction after compression. Moreover, if an upward load in the
liner hanger system 10 exceeds the hanging load provided by the lower slip 14 when engaged
with the casing 13, i.e., if load reversal occurs, the spring cone 16 relaxes in the upward
direction and the downward direction. That is, in case of any load reversal, the relaxation in
the axial direction by the spring cone 16 will be compensated by the spring load. As such, the
lower slips 14 and elastomeric element 28 of the packer element 26 may be effectively spring
loaded if load reversal occurs in accordance with one or more embodiments of the present
disclosure. Advantageously, the lock ring 22 having the ratchet profile 24 allows the spring
cone 16 to relax independently in both directions.

[0030] Still referring to FIGS. 4 and 5, it is not necessary to design the same slot pattern
on both sides of the spring cone 16. Indeed, the load and possible deflection requirement for

loading the lower slips 14 and elastomeric element 28 of the packer element 26 may be
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different. Therefore, different spring performance may be designed on both sides to meet
different requirements, according to one or more embodiments of the present disclosure.
[0031] Referring now to FIG. 6, an example of spring cone 16 load-deflection performance
according to one or more embodiments of the present disclosure is shown. Specifically, FIG.
6 shows an example of the load deflection curve of the spring cone 16. As shown, at a setting
load of about 60,000 Ibs, for example, the spring cone 16 gets fully solid (i.e., fully closed as
shown in FIG. 5). In case of any relaxation, due to the lock ring 22 having the ratchet profile
24, the spring cone 16 is still able to provide sufficient load to maintain the setting position of
the lower slips 14 and the elastomeric element 28 of the packer element 26.

[0032] Although a few embodiments of the disclosure have been described in detail above,
those of ordinary skill in the art will readily appreciate that many modifications are possible
without materially departing from the teachings of this disclosure. Accordingly, such
modifications are intended to be included within the scope of this disclosure as defined in the

claims.



CLAIMS

What is claimed is:

1.

A system for hanging tubing in a wellbore, comprising:

a tubular body;

a plurality of lower slips mounted along the tubular body;

a spring cone disposed around the tubular body and fixed to the plurality of lower
slips, the spring cone comprising a cone profile, a spring including a
plurality of slots, and a lock ring including a ratchet profile, wherein the
lock ring is disposed between a first slot and a second slot

of the plurality of slots; and

a packer element disposed around the tubular body, below and adjacent the spring

cone.

The system of claim 1, wherein the spring cone further comprises a cylinder having a

plurality of sections arranged in sequence.

The system of claim 2, wherein each section of the plurality of sections comprises

two or more slots of the plurality of slots.

The system of claim 3, wherein the plurality of slots comprises at least one straight

cut slot.

The system of claim 3, wherein the plurality of slots comprises at least one radial cut

slot.

The system of claim 3, wherein at least one slot of the plurality of slots comprises at

least one nub.

The system of claim 1, wherein the spring cone is fixed to the plurality of lower slips

with at least one shear screw.

. The system of claim 1, further comprising:

10



an upper cone disposed around the tubular body, the upper cone comprising an
engagement profile; and

a plurality of upper slips comprising a corresponding profile to the engagement
profile,

wherein the plurality of upper slips is fixed to the upper cone.

9. A method, comprising:
conveying a liner hanger system downhole into a cased wellbore, the liner hanger
system comprising:
a tubular body;
a plurality of lower slips mounted along the tubular body;
a spring cone disposed around the tubular body and fixed to the plurality
of lower slips, the spring cone comprising:

a spring including a plurality of slots;

a lock ring including a ratchet profile, wherein the lock ring
is disposed between a first slot and a second slot of the plurality of
slots; and

a cone profile; and

a packer element disposed around the tubular body, below and adjacent

the spring cone, the packer element comprising an elastomeric element;

actuating the plurality of lower slips against the cone profile of the spring cone to
create a setting load that forces the plurality of lower slips radially
outward into engagement with a casing, and compresses the spring cone;
and

transferring the setting load through the spring cone to energize the packer
element to seal an annulus between a liner and the casing,

wherein the lock ring having the ratchet profile prevents the spring cone from

moving in an upward direction after compression.

10. The method of claim 9,
wherein the plurality of lower slips provides a hanging load in a downward

direction when engaged with the casing, and

11



wherein, if an upward load in the liner hanger system exceeds the hanging load, a
first portion of the spring cone including the first slot relaxes in the
upward direction and a second portion of the spring cone including the

second slot relaxes in the downward direction.

11. The method of claim 10, wherein relaxation of the first portion of the spring cone in
the upward direction and relaxation of the second portion of the spring cone in the
downward direction maintains the plurality of lower slips in engagement with the
casing, and keeps the packer element energized to seal the annulus between the liner

and the casing.

12. The method of claim 9, wherein the liner hanger system is conveyed downhole into

the cased wellbore using a running tool.

13. The method of claim 9, wherein the spring cone further comprises a cylinder having a

plurality of sections arranged in sequence.

14. The method of claim 9, wherein the liner hanger system further comprises:
an upper cone disposed around the tubular body, the upper cone comprising an
engagement profile; and
a plurality of upper slips comprising a corresponding profile to the engagement

profile,

wherein the plurality of upper slips is fixed to the upper cone,
the method further comprising:
actuating the plurality of upper slips against the engagement profile of the
upper cone to force the plurality of upper slips radially outward

into engagement with the casing.

15. A method of manufacture of a slotted cylindrical spring, comprising:
dividing a cylinder into a plurality of sections arranged in sequence, a first section
of the plurality of sections is disposed between a second section and a

third section of the plurality of sections;

12



16.

17.

18.

19.

cutting a plurality of slots into each section of the plurality of sections of the
cylinder in a slot pattern to form the slotted cylindrical spring; and
disposing a lock ring including a ratchet profile on the first section after cutting

the plurality of slots.

The method of claim 15, wherein cutting the plurality of slots comprises cutting at

least one straight slot.

The method of claim 15, wherein cutting the plurality of slots comprises cutting at

least one radial slot.

The method of claim 15, wherein at least one slot of the plurality of slots comprises at

least one nub.

The method of claim 15, further comprising creating a cone profile near an end of the

cylinder.
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