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ADJUSTABLE STRENGTH SHOCK ABSORBER SYSTEM FOR DOWNHOLE
BALLISTICS

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Patent Application No. 16/929,627, filed on July
15,2020, titled “ADJUSTABLE STRENGTH SHOCK ABSORBER SYSTEM FOR DOWNHOLE

BALLISTICS,” the full disclosure of which is hereby incorporated herein in its entirety by reference.

Background

1. Field of Invention

[0002] This disclosure relates in general to oil and gas tools, and in particular, to systems and
methods for damping downhole ballistics.

2. Description of the Prior Art

[0003] Perforating systems may be used for the purpose, among others, of making hydraulic
communication passages, called perforations, in wellbores drilled through earth formations so that
predetermined zones of the earth formations can be hydraulically connected to the wellbore.
Perforations are utilized because wellbores are typically completed by coaxially inserting a pipe or
casing into the wellbore. The casing is retained in the wellbore by pumping cement into the annular
space between the wellbore and the casing. The cemented casing is provided in the wellbore for the
specific purpose of hydraulically isolating from each other the various earth formations penetrated
by the wellbore. Perforating systems may include ballistic charges that form passages through the
cemented casing, thereby enabling flow into an annulus of the wellbore. The amount of impact
energy released by ballistic guns and devices in oil and gas perforating is capable of producing

irrecoverable catastrophic damages not only to the equipment (i.e. electronics embedded inside the
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tool, threaded connections, deployment system, tensile bar, wireline logging cable, etc.), in some
cases they may adversely affect the structural integrity of the wellbore if they are not controlled,

attenuated or absorbed.

Summary

[0004]  Applicant recognized the problems noted above herein and conceived and developed
embodiments of systems and methods, according to the present disclosure, for perforating gun

conveyance.

[0005] In an embodiment, a downhole perforation system includes a ballistic device having an
first end and a second end, the ballistic device carrying an explosive material. The system further
includes a shock absorption device coupled to at least one of the first or second end of the ballistic
device and configured to absorb at least a portion of impact energy produced from detonation of the
explosive material. The shock absorption device includes a shock absorption module which includes
a viscoelastic body and a rigid structure molded within the viscoelastic body. The rigid structure is
configured to break or deform when impacted by a threshold amount of impact energy. Broken or

deformed portions of the rigid structure are contained within the viscoelastic body.

[0006] In another embodiment, a downhole ballistic shock absorption device includes a shock
absorption module, which includes a viscoelastic body and a rigid structure molded into the
viscoelastic body. The rigid structure is configured to break or deform when impacted by a threshold
amount of impact energy, and broken or deformed portions of the rigid structure are contained
within the viscoelastic body. The shock absorption device may further include one or more spring
structures coupled to the shock absorption module. In some embodiments, the rigid structure is made
of a porous metal material. In some embodiments, the rigid structure is made of a metal mesh. In

some embodiments, the rigid structure is made through an additive manufacturing process. In some
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embodiments, the entire volume of the viscoelastomeric body is taken up by either viscoelastomeric
material or the rigid structure. In some embodiments, a design of the rigid structure is based on the
threshold impact energy and one or more specifications of the ballistic device. In some
embodiments, the shock absorption device further includes one or more spring structures coupled to
the shock absorption module. In some embodiments, the shock absorption device further includes a

plurality of the shock absorption module.

[0007]  In another embodiment, a method of downhole ballistics damping includes positioning a
ballistics device in a target portion of a well, wherein the ballistics device is a part of a tool string,
detonating one or more charges from the ballistic device, the detonation generating an amount of
impact energy, receiving at least a portion of the impact energy by a shock absorption device on the
tool string, the shock absorption device comprising a rigid structure and an elastic body molded
around the rigid structure, deforming or breaking the rigid structure due to the received impact
energy, and reducing the impact energy transferred to another portion of the tool string. In some
embodiments, broken or deformed portions of the rigid structure are contained within the

elastomeric body.

Brief Description of the Drawings

[0008] The present technology will be better understood on reading the following detailed
description of non-limiting embodiments thereof, and on examining the accompanying drawings, in

which:

[0009] FIG. 1isaschematic cross-sectional view of an embodiment of a perforating string within

a wellbore, in accordance with example embodiments of the present disclosure.

[0010] FIG. 2 illustrates an example of a shock absorption device with a partial internal view, in

accordance to example embodiments.
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[0011] FIG. 3 illustrates such a shock absorption module with the viscoelastic body shown semi-
transparently so that the internal rigid structure can be illustrated, in accordance with example

embodiments.

[0012] FIG. 4 illustrates the rigid structure by itself, without the viscoelastic body 302 molded

over it, in accordance with example embodiments.

[0013] FIG. 5 is a flow chart of a method of downhole ballistics with damping, in accordance

with example embodiments.

Detailed Description of the Invention

[0014]  The foregoing aspects, features and advantages of the present technology will be further
appreciated when considered with reference to the following description of preferred embodiments
and accompanying drawings, wherein like reference numerals represent like elements. In describing
the preferred embodiments of the technology illustrated in the appended drawings, specific
terminology will be used for the sake of clarity. The present technology, however, is not intended to
be limited to the specific terms used, and it is to be understood that each specific term includes

equivalents that operate in a similar manner to accomplish a similar purpose.

[0015] When introducing elements of various embodiments of the present invention, the articles

a," "an," "the," and "said" are intended to mean that there are one or more of the elements. The

terms "comprising," "including," and "having" are intended to be inclusive and mean that there may
be additional elements other than the listed elements. Any examples of operating parameters and/or
environmental conditions are not exclusive of other parameters/conditions of the disclosed

embodiments. Additionally, it should be understood that references to "one embodiment", "an

"o
2

embodiment", “certain embodiments,” or “other embodiments” of the present invention are not
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intended to be interpreted as excluding the existence of additional embodiments that also incorporate

2%

the recited features. Furthermore, reference to terms such as “above,” “below,” “upper”, “lower”,
“side”, “front,” “back,” or other terms regarding orientation are made with reference to the illustrated

embodiments and are not intended to be limiting or exclude other orientations.

[0016] Embodiments of the present disclosure include a shock absorption module for downhole
ballistics systems. The shock absorption module includes a rigid structure molded within viscoelastic
material, such that impact energy causes the rigid structure to deform or break and thereby absorb
some of the impact energy and prevent the energy from being passed to other equipment or the

environment.

[0017] FIG. 1 is a schematic cross-sectional view of a well site 100 including a wellbore 102
extending into a downhole formation 104. The illustrated wellbore 102 includes a casing 106
extending along at least a portion of a length thereof, thereby forming a cased wellbore. In various
embodiments, there may be cement positioned between the casing 106 and the formation 104,
thereby securing the casing 106 in place. The illustrated formation 104 includes a recoverable or

target section 108, which may include recoverable oil and gas products.

[0018] Intheillustrated embodiment, a perforating system 110 is conveyed into the wellbore 102
using a wireline 112. While the perforating system 110 in the illustrated embodiment is conveyed
via the wireline 112, it should be appreciated that tubing, slickline, and other deployment means,
may be used as alternatives for the wireline 112. In the embodiment of FIG. 1, a surface truck 114 is
provided at the surface for control and/or operation of the perforating system 110. The illustrated
perforating system 110 includes a plurality of perforating guns 116. It should be appreciated that, in
various embodiments, the perforating system 110 may include one, two, three, four, five, ten,

twenty, or any other number of perforating guns 116. Moreover, the perforating system 110 may
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include other components, such as delays, intermediate subs, controllers, and the like, which have
been omitted for clarity with the present discussion. In operation, shaped charges 118 provided in
the perforating guns 116 may be detonated within the wellbore 102 to create perforations (not

shown).

[0019] One or more shock absorption devices 120 may be positioned at an end of a perforating
gun 116, such as in between two perforating guns 116. In some embodiments, there may be one or
more shock absorption devices 120 positioned between each perforating gun 116 in a string of
perforating guns 116. In some embodiments, a shock absorption device may be placed at an uphole
end of a string of perforating guns, between the gun string and other equipment or cables of an
overall downhole string. In some embodiments, a plurality of shock absorption devices 120 may be
arranged consecutively. When the perforating guns 116 are fired, a large amount of impact energy is
released which may traverse the entirety or portions of the tool string. Such impact energy, if not
mitigated, may be capable of causing damage to the other equipment on the tool string. In some
cases, the impact energy may adversely affect the structural integrity of the wellbore as well if it is
not mitigated. The shock absorption devices 120 acts to attenuate or absorb some of the impact
energy released during firing of the perforation guns 116, and thus protect the tool string and the

well environment from the deleterious effects of the impact energy.

[0020] FIG. 2 illustrates an example of a shock absorption device 200 with a partial internal view,
in accordance to an example embodiment. The shock absorption device 200 includes a first end 208
and a second end 212 by which the shock absorption device 200 can be coupled to another portion of
a downhole string, such as perforating gun 116 (FIG. 1), a cable, or other tool. The first and second
ends 208, 212 may be designed for various types of mating mechanisms, such as threaded

connection, latching connection, among others. In some embodiments, the shock absorption device
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200 includes one or more spring mechanism 206 at various positions between the first end 208 and
the second end 212, such that energy transferred between the two ends at least partially travels
through the one or more spring mechanisms 206 and is thus partially dampened. For example, the

one or more spring mechanisms 206 may include heavy duty coil springs.

[0021]  The shock absorption device 200 also includes one or more a shock absorption modules
204. A portion of the impact energy is transferred to the sacrificial shock absorption module, which
is made of a shape-changing (e.g., elastomeric) material and a deformable or crushable structure
within the shape-changing material. Specifically, in some embodiments, each shock absorption
module includes a viscoelastic body and a rigid structure molded within the viscoelastic body. When
impact by a threshold amount of impact energy, the rigid structure deforms or breaks into pieces,
thereby absorbing, rather than continuing to transfer, some of the impact energy. In some
embodiments, the rigid structure experiences plastic deformation, or a permanent deformation. The

broken or deformed portions of the rigid structure are contained within the viscoelastic body.

[0022] FIG. 3 illustrates such a shock absorption module 204 with the viscoelastic body 302
shown semi-transparently so that the internal rigid structure 304 can be illustrated, in accordance
with example embodiments. The viscoelastic body 302 may be made of a nano viscoelastic material
rated for high temperatures. The viscoelastic body 302 serves to attenuate some of the impact energy
and hold the broken or deformed pieces of the rigid structure 304 in place within the body 302. In
some embodiments, the entire volume of the viscoelastomeric body 302 is taken up by either
viscoelastomeric material or the rigid structure 304, as in the viscoelastomeric body 302 is fully

molded around the rigid structure 304.

[0023] Materials used in the shock absorption module should also be able to withstand harsh

downhole environments such as temperatures above 350°F and pressures above 25 Kpsi, as well as
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high impact loads generated by the perforating guns. The viscoelastic body 302 may be designed to
have various specifications such as how much force is required to compress it, how much it will
compress, and the like. Various different materials or blends of materials may be used to achieve the
desired specifications. In some embodiments, the viscoelastic body 302 may be replaced by a body

of a different type of compressive property and is not limited to viscoelastic materials.

[0024] FIG. 4 illustrates the rigid structure 304 by itself, without the viscoelastic body 302
molded over it, in accordance with example embodiments. In some embodiments, rigid structure is
made of a metallic material and designed to deform or break under a threshold amount of impact
energy. The deformation of breaking of the rigid structure 304 absorbs at least a portion of the

impact energy, and thus helps in the overall damping efforts of the shock absorption device 200.

[0025] Therigid structure 304 may be made of a porous metal material, metal foam, metal mesh,
or the like. The rigid structure 304 may alternatively be made of plastic and designed to break when
impacted with a certain amount of energy. In some embodiments, the rigid structure 304 is made
through an additive manufacturing process. The shape and design of the rigid structure 304 can be
selected based on desired deformation or breaking conditions. For example, the rigid structure 304
may be designed to deform or break in a particular way, at certain locations, into a certain number of
pieces, under certain amounts of impact energy, among other facets. Thus, an advantage of the shock
absorption module is the ability to adjust and calibrate the damping properties by changing its

structural configuration and mesh geometry.

[0026] The illustrated example shock absorption module 300 has a cylindrical shape, as most
downhole tools have a generally cylindrical shape. However, the shock absorption may have any
type of a three dimensional shape in which a viscoelastomeric body is molded around a rigid three

dimensional structure that can be deformed or broken when compressed with a sufficient amount of
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force. For example, the shock absorption module 300 can be a cube, a sphere, among other

geometrically regular or irregular shapes.

[0027] In the example embodiment illustrated in FIG. 2, the shock absorption device includes
three shock absorption modules 204 positioned in series and placed inside a spring loaded piston
assembly. A portion of a housing 202 or covering is cutaway to show the internal components,
which includes spring mechanism 206 and the shock absorption modules 204. Specifically, the shock
absorption modules 204 are positioned in between two spring mechanisms 206. When a perforation
gun is fired, the impact energy may cause the first and second ends of the device 200 to compress
towards each other, thus compressing the spring mechanisms 206 and eventually compressing the
shock absorption modules 204. Compression of the shock absorption modules 204 causes the
internal rigid structure to deform or break, thus absorbing some of the energy. The device 200 of
FIG. 2 in an example implementation of the shock absorption modules 204 described in the present
disclosure. 1 In other embodiments, the above described shock absorption modules 204 may be used

in various types of tools and in various configurations with respect to a ballistics system.

[0028] In some embodiments, the shock absorption module 300 is a sacrificial element because
once the internal rigid structure 304 is deformed or broken, the shock absorption module 300 is
consumed. In some embodiments, the ballistics system may include many such shock absorption
modules 300 and only a subset is consumed during a detonation event. The remaining shock
absorption modules 300 may be consumed on subsequent detonation events. In some embodiments,

it may require more than one detonation event to fully consume a shock absorption module 300.

[0029] FIG. 5is aflow chart of a method 500 of downhole ballistics with damping, in accordance
with example embodiments. It should be appreciated that the steps described in the method may be

performed in parallel or in a different order, unless otherwise explicitly stated. Furthermore, in
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various embodiments, there may be more or fewer steps. Additionally, in certain embodiments, one
or more steps may be omitted. In this example, the method includes positioning (502) a ballistics
device in a target portion of a well. The ballistics device may include one or more perforating guns
and is a part of a tool string that includes various other tools and components suspended on a cable
(i.e., wireline). The method further includes detonating (504) one or more charges from the ballistic
device. The detonation generate an amount of impact energy which may travel along the tool string
and affect the other tools and components on the tool string as well as the non-target portions of the
well environment. At least a portion of the impact energy is received (506) by a shock absorption
device on the tool string. The shock absorption device includes a rigid structure and an elastic body
molded around the rigid structure. The method further includes deforming or breaking (508) the rigid
structure inside the elastomeric material due to the received impact energy, and thereby reducing
(510) the amount of impact energy transferred to other portions of the tool string. In some
embodiments, broken or deformed portions of the rigid structure are contained within the
elastomeric body. In some embodiments, the shock absorption device further includes spring loaded

mechanisms to further attenuate the impact energy.

[0030] Embodiments may also be described in view of the following clauses:

1. A downbhole perforation system, comprising:

a ballistic device having an first end and a second end, the ballistic device
carrying an explosive material; and

a shock absorption device coupled to at least one of the first or second end of the
ballistic device and configured to absorb at least a portion of impact energy produced from
detonation of the explosive material, the shock absorption device comprising:

a shock absorption module comprising:

10
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a viscoelastic body; and

a rigid structure molded within the viscoelastic body, the rigid
structure configured to break or deform when impacted by a threshold amount of impact energy,
wherein broken or deformed portions of the rigid structure are contained within the viscoelastic

body.

2. The downhole perforation system of clause 1, wherein the rigid structure

is made of a porous metal material.

3. The downhole perforation system of clause 1, wherein the rigid structure

is made of a metal mesh.

4. The downhole perforation system of clause 1, wherein the rigid structure

is made through an additive manufacturing process.

5. The downhole perforation system of clause 1, wherein the entire volume

of the viscoelastomeric body is taken up by either viscoelastomeric material or the rigid

structure.

6. The downhole perforation system of clause 1, wherein a design of the

rigid structure is based on the threshold impact energy and one or more specifications of the

ballistic device.

7. The downhole perforation system of clause 1, wherein the shock

11
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absorption device further comprising one or more spring structures coupled to the shock

absorption module.

8. The downhole perforation system of clause 1, wherein the shock

absorption device comprises a plurality of the shock absorption module.

9. A downbhole ballistic shock absorption device, comprising:
a shock absorption module, comprising:
a viscoelastic body; and
a rigid structure molded into the viscoelastic body, the rigid
structure configured to break or deform when impacted by a threshold amount of impact energy,
wherein broken or deformed portions of the rigid structure are contained within the viscoelastic

body.

10. The downhole ballistic shock absorption device of clause 9, wherein the

rigid structure is made of a porous metal material or a metal mesh.

11. The downhole ballistic shock absorption device of clause 9, wherein the
rigid structure experiences plastic deformation when impacted by the threshold amount of impact

energy.

12. The downhole ballistic shock absorption device of clause 9, wherein the

rigid structure is made through an additive manufacturing process.

12
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13. The downhole ballistic shock absorption device of clause 9, wherein the
entire volume of the viscoelastomeric body is taken up by either viscoelastomeric material or the

rigid structure.

14. The downhole ballistic shock absorption device of clause 9, further
comprising: the shock absorption device further comprising one or more spring structures

coupled to the shock absorption module.

15. A method of downhole ballistics damping, comprising:

positioning a ballistics device in a target portion of a well, wherein the ballistics
device is a part of a tool string;

detonating one or more charges from the ballistic device, the detonation
generating an amount of impact energy;

receiving at least a portion of the impact energy by a shock absorption module on
the tool string, the shock absorption module comprising a rigid structure and an elastic body
molded around the rigid structure;

deforming or breaking the rigid structure due to the received impact energy; and

reducing the impact energy transferred to another portion of the tool string.

16. The method of clause 15, wherein the rigid structure is made of a porous

metal material.

17. The method of clause 15, wherein the rigid structure is made of a metal

mesh.

13
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18. The method of clause 15, wherein the rigid structure is made through an

additive manufacturing process.

19. The method of clause 15, wherein the entire volume of the elastomeric

body is taken up by either elastomeric material or the rigid structure.

20. The method of clause 15, wherein broken or deformed portions of the

rigid structure are contained within the elastomeric body.

[0031] Although the technology herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the principles
and applications of the present technology. It is therefore to be understood that numerous
modifications may be made to the illustrative embodiments and that other arrangements may be
devised without departing from the spirit and scope of the present technology as defined by the

appended claims.

14
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CLAIMS

1. A downbhole perforation system (110), comprising:
a ballistic device (116) having an first end and a second end, the ballistic device
carrying an explosive material; and
a shock absorption device (120, 200) coupled to at least one of the first or second
end of the ballistic device (116) and configured to absorb at least a portion of impact energy
produced from detonation of the explosive material, the shock absorption device (120, 200)
comprising:
a shock absorption module (204, 300) comprising:
a viscoelastic body (302); and
a rigid structure (304) molded within the viscoelastic body (302),
the rigid structure (304) configured to break or deform when impacted by a threshold amount of
impact energy, wherein broken or deformed portions of the rigid structure (304) are contained

within the viscoelastic body (302).

2. The downhole perforation system (110) of claim 1, wherein the rigid

structure (304) is made of a porous metal material.

3. The downhole perforation system (110) of claim 1, wherein the rigid

structure (304) is made of a metal mesh.

4. The downhole perforation system (110) of claim 1, wherein the rigid

structure (304) is made through an additive manufacturing process.

15
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5. The downhole perforation system (110) of claim 1, wherein the entire
volume of the viscoelastomeric body (302) is taken up by either viscoelastomeric material or the

rigid structure (304).

6. The downhole perforation system (110) of claim 1, wherein a design of
the rigid structure (304) is based on the threshold impact energy and one or more specifications

of the ballistic device (116).

7. The downhole perforation system (110) of claim 1, wherein the shock
absorption device (120, 200) further comprising one or more spring structures (206) coupled to

the shock absorption module (204, 300).

8. The downhole perforation system (110) of claim 1, wherein the shock

absorption device (120, 200) comprises a plurality of the shock absorption module (204, 300).

9. A downbhole ballistic shock absorption device (116), comprising:
a shock absorption module (204, 300), comprising:
a viscoelastic body (302); and
a rigid structure (304) molded into the viscoelastic body (302), the
rigid structure (304) configured to break or deform when impacted by a threshold amount of
impact energy, wherein broken or deformed portions of the rigid structure (304) are contained

within the viscoelastic body (302).

10.  The downhole ballistic shock absorption device (116) of claim 9, wherein

16
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the rigid structure (304) is made of a porous metal material or a metal mesh.

11.  The downhole ballistic shock absorption device (116) of claim 9, wherein
the rigid structure (304) experiences plastic deformation when impacted by the threshold amount

of impact energy.

12.  The downhole ballistic shock absorption device (116) of claim 9, wherein

the rigid structure (304) is made through an additive manufacturing process.

13.  The downhole ballistic shock absorption device (116) of claim 9, wherein
the entire volume of the viscoelastomeric body (302) is taken up by either viscoelastomeric

material or the rigid structure (304).

14.  The downhole ballistic shock absorption device (116) of claim 9, further
comprising one or more spring structures (206) coupled to the shock absorption module (204,

300).

15. A method (500) of downhole ballistics damping, comprising:

positioning (502) a ballistics device (116) in a target portion of a well, wherein
the ballistics device (116) is a part of a tool string;

detonating (504) one or more charges from the ballistic device (116), the
detonation generating an amount of impact energy;

receiving (500) at least a portion of the impact energy by a shock absorption

module (204, 300) on the tool string, the shock absorption module (204, 300) comprising a rigid

17
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structure (304) and an elastic body (302) molded around the rigid structure (304);,
deforming (508) or breaking the rigid structure (304) due to the received impact
energy; and

reducing (510) the impact energy transferred to another portion of the tool string.

16. The method (500) of claim 15, wherein the rigid structure (304) is made of

a porous metal material.

17. The method (500) of claim 15, wherein the rigid structure (304) is made of

a metal mesh.

18. The method (500) of claim 15, wherein the rigid structure (304) is made

through an additive manufacturing process.

19.  The method (500) of claim 15, wherein the entire volume of the

elastomeric body (302) is taken up by either elastomeric material or the rigid structure (304).

20.  The method (500) of claim 15, wherein broken or deformed portions of

the rigid structure (304) are contained within the elastomeric body (302).

18
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POSITION A BALLISTICS DEVICE IN A TARGET
PORTION OF A WELL, WHEREIN THE BALLISTICS
DEVICE IS PART OF A TOOL STRING

502

DETONATE ONE OR MORE CHARGES FROM
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