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SWAGING OF CHARGE TUBE FOR ATTACHMENT TO PERFORATING
HARDWARE

BACKGROUND

[0001] After drilling a wellbore in a subterranean formation for recovering hydrocarbons such as
oil and gas lying beneath the surface, a casing string may be fed into the wellbore. Generally, the
casing string protects the wellbore from failure (e.g., collapse, erosion) and provides a fluid path
for hydrocarbons during production. To access the hydrocarbons for production, a perforating gun
system may be deployed into the casing string via a tool string. The tool string (e.g., a tubing string,
wireline, slick line, coil tubing) lowers the perforating gun system into the casing string to a desired
position within the wellbore. Once the perforating gun system is in position such that shaped
charges are disposed adjacent to a subterranean formation having hydrocarbons, the shaped
charges are detonated. The detonation perforates the casing string, the cementing, and the
subterranean formation such that hydrocarbons may flow into the casing string via the perforation.
[0002] Moreover, once production operations have concluded, plug and abandonment operations
may be conducted. Various methods may be used to abandon a wellbore. For example, a perforate-
wash-cement method may be used. Such method includes perforating the casing, via a perforating
gun system, to obtain access to the annulus between the casing and the wellbore wall, washing the
annulus with fluids to help remove cement and debris, and pumping fresh cement into the annulus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] These drawings illustrate certain aspects of some of the embodiments of the present
disclosure and should not be used to limit or define the disclosure.

[0004] FIG. 1 is a side elevation, partial cross-sectional view of an operational environment for a
drilling and completion system in accordance with one or more embodiments of the disclosure.
[0005] FIG. 2 is an isometric view of a charge tube having a swaged end that is enlarged in
accordance with one or more embodiments of the disclosure.

[0006] FIG. 3 is a cross-sectional view of the charge tube of FIG. 2 in accordance with one or
more embodiments of the disclosure.

[0007] FIG. 4 is an isometric view of a charge tube having a swaged end that is reduced in
accordance with one or more embodiments of the disclosure.

[0008] FIG. S is a cross-sectional view of the charge tube of FIG. 4 in accordance with one or

more embodiments of the disclosure.
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[0009] FIG. 6 is a side view showing a charge tube with a swaged end coupled to a gun component
in accordance with one or more embodiments.
[0010] FIG. 7 is a cross-sectional, side view showing a charge tube disposed in a die in accordance
with one or more embodiments.
[0011] FIG. 8 is a cross-sectional, side view showing a charge tube disposed in a die and having
a mandrel disposed therein in accordance with one or more embodiments.
[0012] FIGS. 9a to 9c¢ illustrate various mandrel configurations in accordance with one or more
embodiments.
[0013] FIGS. 10 and 11 illustrate use of a mandrel to create a charge tube with a swaged end
having an increased size in accordance with one or more embodiments.
[0014] FIG. 12 is a cross-sectional, side view showing a perforation gun system, in accordance
with one or more embodiments.

DETAILED DESCRIPTION
[0015] Disclosed herein are swaged charge tubes for use in perforating gun systems and, more
particularly, example embodiments may include a charge tube having a swaged end to enable use
of the charge tube with different perforating gun systems with modification of the gun systems’
hardware.
[0016] A perforating gun system typically includes a number of components. For example, the
perforating gun system may include a charge tube with a plurality of charge ports formed therein.
The charge ports hold charges that detonate to send a jet outwardly to create perforations through
the casing and cement sheath in the wellbore annulus. The charges may be shaped charges that
restrict the explosive material of the charge in a conical configuration to direct the explosion. The
perforating gun system may include a detonator housing that houses a detonator. Any suitable
detonator may be used. For example, the detonator is typically an electro-explosive device that
detonates when a specific electric signal is received. This detonation is then transferred to the
detonation cord to start the perforating process. The detonator sends a detonation signal to the
charges through a detonation cord, which may be coupled to the individual charges to trigger the
charges. The detonation cord may direct, for example, a mechanical, electrical, or hydraulic control
signal that triggers the charges in the event of detonation. The perforating gun may also include a
switch housing that houses a switch. The switch may enable selective firing of the gun and charges.

The switch may include one or more of a diode and pressure switch. In some examples, the switch
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may be an EB switch. The switch may also be an electronic switch, for example, a series of
microprocesses. The perforating gun components may be positioned in a gun body that houses, for
example, the charge tube and other gun components. End alignment fixtures may be secured to
one or both ends of the charge tube for positioning the charge tube in the gun body.

[0017] Charge tubes often need to be used with larger or smaller gun systems with fixed hardware.
For example, the fixed size of the gun systems components (e.g., end alignment fixtures, detonator
housing, switch housing, etc.) may limit the ability to use existing charge tubes with differently
sized gun systems. However, by swaging the end of the existing charge tube, an existing charge
tube may be modified to allow an existing charge tube the adaptability to be used in differently
sized gun systems with minimal re-engineering and design work.

[0018] In addition, the entire size (e.g., outer diameter, inner diameter) of a charge tube is limited
based on the size of the shaped charge. For example, increasing the outer diameter of the entire
charge tube can make holding a smaller shaped charge impossible without either modifying the
shaped charge case or adding an adapter ring to hold the shaped charge in its desired location.
However, when a swaging process is used to modify the charge tube, only the ends of the charge
tube are modified, thus reducing the costs of additional charge tubes in inventor or associated
hardware for modification of a new charge into an existing gun system.

[0019] In addition, an extensive supply chain of perforating gun components (e.g., charge tubes,
end alignment fixtures, adapters, etc.) and the associated costs of this hardware may be required
in inventory to enable ready production of a perforating gun system. However, by swaging charge
tubes, multiple charge tubs can fit into the standard end alignments, detonator housings, and switch
housings for each typical gun diameter. Advantageously, the supply chain may then be able to
reduce the number of end alignment fixtures and adapters maintained in their inventory.

[0020] Accordingly, example embodiments may include swaging at least one end of a charge tube.
In general, swaging is a process used to reduce or increase of tubes, such as the charge tube.
Swaging process may use a die. For size reduction, the swaging may be performed using any
suitable technique. For example, an end of the charge tube may be forced into a die that confines
the charge tube end to reduces its diameter by compressive forces. By way of further example, two
or more dies may be used to hammer the charge tube, reducing its diameter, in a process commonly
referred to as a rotary swaging or rotary forging. The size reduction may be performed with or

without a mandrel inserted into the charge tube. For size increase, the swaging may also be
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performed using any suitable technique. For example, a mandrel may be forced into an end of the
charge to tube to increase its diameter by outward radial forces. By way of further example, two
or more mandrels may be used. While is inserted into the charge tube, a die may be positioned
around an exterior of the charge tube that applies radial force to the charge tube. In accordance
with present embodiments, the swaging may be performed as cold forming processes (e.g., at
ambient conditions) but swaging may also be performed as a hot-forming process (e.g., at elevated
temperatures), in some embodiments.

[0021] Example embodiments may include identifying a gun system diameter. The gun system
diameter may include an inner diameter and/or outer diameter of one or more gun system
components, including, for example, a detonator housing, a switch housing, and/or an end
alignment fixture. Example embodiments may include selecting a charge tube. The charge tube
may be selected, for example, to have charge ports for holding a desired charge. The charge tube
may be selected from a plurality of charge tubes with different diameter sizes. Example
embodiments may further include swaging at least one end of the charge tube to match the gun
system diameter, for example, by increasing or decreasing its diameter. The at least one end of the
charge tube may be a pin end or a box end, for example. Example embodiments may further
include coupling the charge tube a gun system component. For example, the charge tube may be
directly coupled to a detonator housing, a switch housing, or an end alignment fixture. Any suitable
technique may be used for coupling the charge tube to the gun system component. Suitable
coupling techniques include screws, bolts, and pop rivets, among others. Examples embodiments
may further include running the charge tube into a wellbore and detonating charges on the charge
tube to create one or more perforations in the wellbore.

[0022] The swaging may be performed to adjust an inner diameter of at least one end of a charge
tube by about 1% or more. For example, at least one end of the charge tube may be swaged to have
an inner diameter that varies (e.g., larger or smaller) by about 1% to about 50% from an inner
diameter of a central body of the charge tube. By way of further example, at least one end of the
charge tube may be swaged to have an inner diameter that varies (e.g., larger or smaller) by about
10% to about 25% from an inner diameter of a central body of the charge tube. In some
embodiments, both ends of the charge tube may be swaged to have an inner diameter that varies
(e.g., larger or smaller) by about 1% to about 50% from an inner diameter of a central body of the

charge tube. In some embodiments, at least one end of the charge tube may have an inner diameter
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that has been increased to vary by about 1% to about 50% or 10% to about 25% from an inner
diameter of a central body of the charge tube. In some embodiments, at least one end of the charge
tube may have an inner diameter that has been decreased to vary by about 1% to about 50% or
about 10% to about 25% from an inner diameter of a central body of the charge tube.

[0023] In addition to adjusting an inner diameter, swaging of the charge tube may also adjust an
outer diameter of at least one end of a charge tube end by about 1% or more. For example, at least
one end of the charge tube may be swaged to have an outer diameter that varies (e.g., larger or
smaller) by about 1% to about 50% from an outer diameter of a central body of the charge tube.
In some embodiments, both ends of the charge tube may be swaged to have an outer diameter that
varies (e.g., larger or smaller) by about 1% to about 50% from an outer diameter of a central body
of the charge tube. By way of further example, at least one end of the charge tube may be swaged
to have an outer diameter that varies (e.g., larger or smaller) by about 10% to about 25% from an
outer diameter of a central body of the charge tube. In some embodiments, at least one end of the
charge tube may have an outer diameter that has been increased to vary by about 1% to about 50%
or about 10% to about 25% from an outer diameter of a central body of the charge tube. In some
embodiments, at least one end of the charge tube may have an outer diameter that has been
decreased to vary by about 1% to about 50% or about 10% to about 25% from an outer diameter
of a central body of the charge tube.

[0024] The end of the charge tube that has been swaged may have a length that is about 0.4% to
about 45% of a total length of the charge tube. For example, the length of the swaged end may be
about 8% to about 35% of a total length of the charge tube.

[0025] FIG. 1 is a side elevation, partial cross-sectional view of an operational environment for a
drilling and completion system in accordance with one or more embodiments of the disclosure. It
should be noted that while FIG. 1 generally depicts a land-based drilling and completion assembly,
those skilled in the art will readily recognize that the principles described herein are equally
applicable to subsea drilling and completion operations that employ floating or sea-based
platforms and rigs, without departing from the scope of the disclosure. As illustrated, the drilling
and completion assembly 100 includes a platform 102 that supports a derrick 104 having a
traveling block 106 for raising and lowering a tool string 108. The tool string 108 includes, but is
not limited to, a work string 110, a perforating gun system 112, and any other suitable tools, as

generally known to those skilled in the art. While not shown, tubing string, wireline, slick line,
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and/or coil tubing may be used instead of convention work string 110 for supporting the perforating
gun system 112.

[0026] The work string 110 is configured to lower the perforating gun system 112 into a wellbore
114. As illustrated, the wellbore 114 may be lined with casing 116. The casing 116 is configured
to protect the wellbore 114 from failure (e.g., collapse, erosion) and to provide a fluid path for
hydrocarbons during production. To access the hydrocarbons, the work string 110 lowers the
perforating gun system 112 to a position such that charges 120 (e.g., shaped charges) are disposed
adjacent to a subterranean formation 122 having the hydrocarbons, and the perforating gun system
112 detonates the charges 120. In some embodiments, the charges 120 may be sequentially
detonated by the perforating gun system 112 in a downhole to uphole direction or an uphole to
downhole direction. The detonations perforate the casing 116, the cementing, and the subterranean
formation 122 in the respective paths of the charge detonations such that hydrocarbons may flow
into the casing 116 string via the perforations (not shown).

[0027] Generally, the perforating gun system 112 includes a central support structure 130 and the
plurality of charges 120 (e.g., shaped charges) secured to the central support structure 130. The
central support structure 130 may be supported directly by the work string 110. However, in the
illustrated embodiment, the perforating gun system 112 includes a gun body 132 (e.g., gun carrier).
The gun body 132 is configured to house a charge tube 134. The charge tube 134 generally has
cylindrical shape. However, the charge tube 134 may have any suitable shape. Further, the
perforating gun system 112 may include a plurality of end alignment fixtures 136 configured to
mount the charge tube 134 within the gun body 132. The end alignment fixtures 136 may radially
secure the charge tube 134 within the gun body 132 to prevent an exterior surface of the charge
tube 134 from contacting an interior surface of the gun body 132. While not illustrated, the charge
tube 134 may have at least one swaged end to facilitate connection to other components of the
perforating gun system 112, such as the end alignment fixtures 136. For example, the charge tube
134 may have been swaged to increase or describe the inner and outer diameter of its end to facility
connection to the end alignment fixtures 136. The central support structure 130 and the shaped
charges 120 may be disposed within the charge tube 134. While not illustrated, additional
components of the perforating gun system 112 may include one or more of a detonating cord,

detonator housing, and switch housing.
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[0028] FIG. 2 is an isometric view of a charge tube 134 in accordance with one or more
embodiments. The charge tube 134 has a generally cylindrical shape, in this example, but may
have other shapes in some embodiments. Th charge tube 134 includes a central body 200 that
includes a plurality of charge ports 202 formed in the central body 200. As illustrated, the charged
ports 202 may be axially spaced along the central body 200 and also circumferentially spaced
around the central body 200. While not shown, charges (e.g., charges 120 on FIG. 1), which may
be shaped charges, may be disposed in the charge ports 202. The charges, for example, may be
positioned in the charge ports 202 prior to running the charge tube 134 into a wellbore (e.g.,
wellbore 114 on FIG. 1). In the illustrated embodiment, the charge tube 134 includes at least one
swaged end 204. While only one end of the charge tube 134 is shown on FIG. 2, both ends of the
charge tube 134 may be swaged in accordance with example embodiments. As illustrated, the
swaged end 204 has an increased size with respect to the central body 200 of the charge tube 134.
As previously described, swaging the charge tube 134 to provide the swaged end 134 allows the
charge tube 134 to adapt to many different gun components without having to modify the original
gun components. Rather, only the charge tube 134 was swaged to adapt the charge tube 134 to a
particular gun system.

[0029] FIG. 3 is a cross-sectional view of the charge tube 134 of FIG. 2 in accordance with one or
more embodiments. As illustrated, the charge tube 134 includes a central body 200 with charge
ports 202. The charge tube 134 further includes a swaged end 204. As illustrated in the cross-
sectional view, the swaged end 204 has an increased size with respect to the central body 200. For
example, the swaged end 204 has an outer diameter (ODsg) that is larger than an outer diameter
(ODcn) of the central body 200. As previously described, the swaged end 204 may have an outer
diameter (ODsE) that has been increased to vary by about 2%, about 5%, about 10%, or more from
an outer diameter (ODcg) of the central body 200. By way of further example, the swaged end 204
has an inner diameter (IDsg) that is larger than an inner diameter (IDcs) of the central body 200.
As previously described, the swaged end 204 may an inner diameter (IDsg) that has been increased
to vary by about 2%, about 5%, about 10%, or more from an inner diameter (IDcs) of the central
body 200.

[0030] FIG. 4 is an isometric view of a charge tube 134 in accordance with one or more
embodiments. The charge tube 134 has a generally cylindrical shape, in this example, but may

have other shapes in some embodiments. The charge tube 134 includes a central body 200 that
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includes a plurality of charge ports 202 formed in the central body 200. As illustrated, the charged
ports 202 may be axially spaced along the central body 200 and also circumferentially spaced
around the central body 200. While not shown, charges (e.g., charges 120 on FIG. 1), which may
be shaped charges, may be disposed in the charge ports 202. The charges, for example, may be
positioned in the charge ports 202 prior to running the charge tube 134 into a wellbore (e.g.,
wellbore 114 on FIG. 1). In the illustrated embodiment, the charge tube 134 includes at least one
swaged end 204. While only one end of the charge tube 134 is shown on FIG. 4, both ends of the
charge tube 134 may be swaged in accordance with example embodiments. As illustrated, the
swaged end 204 has a decreased size with respect to the central body 200 of the charge tube 134.
As previously described, swaging the charge tube 134 to provide the swaged end 134 allows the
charge tube 134 to adapt to many different gun components without having to modify the original
gun components. Rather, only the charge tube 134 was swaged to adapt the charge tube 134 to a
particular gun system.

[0031] FIG. 5 is a cross-sectional view of the charge tube 134 of FIG. 4 in accordance with one or
more embodiments. As illustrated, the charge tube 134 includes a central body 200 with charge
ports 202. The charge tube 134 further includes a swaged end 204. As illustrated in the cross-
sectional view, the swaged end 204 has a decreased size with respect to the central body 200. For
example, the swaged end 204 has an outer diameter (ODsg) that is smaller than an outer diameter
(ODcg) of the central body 200. As previously described, the swaged end 204 may have an outer
diameter (ODsg) that has been decreased to vary by about 2%, about 5%, about 10%, or more
from an outer diameter (ODcg) of the central body 200. By way of further example, the swaged
end 204 has an inner diameter (IDsg) that is smaller than an inner diameter (IDcB) of the central
body 200. As previously described, the swaged end 204 may an inner diameter (IDsg) that has
been decreased to vary by at least about 2%, about 5%, about 10%, or more from an inner diameter
(IDcB) of the central body 200.

[0032] FIG. 6 is a side view illustrating a charge tube 134 secured to a gun component 600 in
accordance with one or more embodiments. As illustrated, the charge tube 134 includes a central
body 200 with charge ports 202. The charge tube 134 further includes a swaged end 204. A wire
602 is also shown that extends from the gun component 600 to the charge tube 134, for example,
to provide communication with switches (not shown). As illustrated in the cross-sectional view,

the swaged end 204 has an increased size with respect to the central body 200. By swaging to



WO 2025/010074 PCT/US2023/028528

increase the size of the swaged end 204, the charge tube 134 may be secured to the gun component
600 with the need for its modification. The gun component 600 may include, for example, a
detonator housing, a switch housing, or an end alignment fixture. Any suitable technique may be
used for coupling the charge tube to the gun component 600. Suitable coupling techniques include
screws, bolts, and pop rivets, among others.

[0033] FIG. 7 illustrates a technique for decreasing a size of at least one end of a charge tube 134
to form a swaged end 204 in accordance with one or more embodiments. As illustrated, the charge
tube 134 may be inserted a die 700. The die 700 applies radial forces, as shown by arrows 702,
onto the charge tube 134 to reduce an outer diameter of one end (i.e., swaged end 204) of the
charge tube 134 with respect to a central body 200 of the charge tube 134. The charge tube 134
may be rotated in the direct shown by arrow 704 as it is inserted into the die 700. In some
embodiments, a mandrel 800 may be inserted into a through passage of the charge tube 134 while
the die 700 is applying the radial force 702, as shown by FIG. 8. The size and shape of the mandrel
800 may be selected, for example, to provide a swaged end 204 having a desired configuration.
[0034] FIGS. 9a to 9c illustrate a cross-sectional end view of a mandrel 800 inserted into a charge
tube 134 in accordance with one or more embodiments. As illustrated, the mandrel 800 mandrel
may have a variety of different configuration, this imparting different shapes to an inner profile
900 of the swaged end 204 of the charge tube. FIG. 9a illustrates a mandrel 800 with a pentagonal
cross-sectional shape. FIG. 9b illustrates a mandrel with a unique geometry. FIG. 9c illustrates a
mandrel with a circular cross-sectional shape.

[0035] FIGS. 10 and 11 illustrate use of a die 700 to swage an end of a charge tube 134 As
illustrated, on FIG. 10, a die 700 may be placed at least partially around the charge tube 134. The
die 700 may apply a radial force to the charge tube 134, as illustrated by arrows 702. FIG. 10 also
illustrates a mandrel 800. As illustrated, the mandrel 800 may have a ramped portion 1000. To
swage the charge tube 134, the ramped portion 1000 of the mandrel 800 may be inserted into the
charge tube 134 in the direction illustrated by arrows 1002. As shown on FIG. 11, the ramped
portion 1000 may be pushed into the charge tube 134 to increase its inner diameter and form a
swaged end 204. The size and shape of the mandrel 800 may be selected, for example, to provide
a swaged end 204 having a desired configuration.

[0036] FIG. 12 illustrates a perforating gun system 112 having a gun tube 134 with swaged ends

204 in accordance with one or more embodiments. As illustrated, the perforating gun system 112
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includes a gun body 132 (e.g., gun carrier) that houses the charge tube 134. The charge tube 134
generally has cylindrical shape. However, the charge tube 134 may have any suitable shape. The
shaped charges 120 may be disposed within the charge ports 202 of the charge tube 134. Further,
the perforating gun system 112 may include a plurality of fixtures that mount the charge tube 134
within the gun body 132. For example, a detonator housing 1200 containing a detonator (not
shown) 1s shown secured to one end of the charge tube 134. By way of further example, the other
end of the charge tube 134 is secured to a bulkhead 1202, for example, that contains an EB switch,
feed through, and/or end alignment fixture. The end alignment fixtures 136 may radially secure
the charge tube 134 within the gun body 132, for example, to prevent an exterior surface of the
charge tube 134 from contacting an interior surface of the gun body 132. As illustrated, the charge
tube 134 includes swaged ends 204 to facilitate connection to other components of the perforating
gun system 112, such as the end alignment fixtures 136. For example, the charge tube 134 has
been swaged to increase its inner diameter for connection to the end alignment fixtures 136. While
FIG. 12 illustrates an increase of inner diameter, other embodiments may include swaging to
decrease size as described herein. Even further, while FIG. 12 shows both ends of the charge tube
134 being swaged ends 204, embodiments may include only one end of the charged tube 134 being
swaged.

[0037]  Accordingly, the present disclosure may provide swaged charge tubes for use in
perforating gun systems. The methods and systems may include any of the various features
disclosed herein, including one or more of the following statements.

[0038]  Statement 1. A method of attaching a charge tube, comprising swaging one or more
ends of the charge tube to form at least one swaged end on the charge tube, wherein the charge
tube comprises a plurality of charge ports; and coupling the at least one swaged end to a gun system
component.

[0039]  Statement 2. The method of statement 1, wherein the at least one swaged end has
increased inner and outer diameters with respect to a central body of the gun tube.

[0040]  Statement 3. The method of statement 1 or statement 2, wherein the at least one swaged
end has decreased inner and outer diameters with respect to a central body of the gun tube.

[0041]  Statement 4. The method of any one of statements 1 to 3, wherein the at least one swaged
end has an inner diameter that varies by about 2% or more with respect to a central body of the

gun tube.
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[0042]  Statement 5. The method of any one of statements 1 to 4, wherein the at least one swaged
end has an outer diameter that varies by about 2% or more with respect to a central body of the
gun tube.

[0043]  Statement 6. The method of any one of statements 1 to 5, wherein the at least swaged
end comprises both ends of the charge tube.

[0044]  Statement 7. The method of any one of statements 1 to 6, wherein the gun system
component comprises at least one component selected from the group consisting of a detonator
housing, a switch housing, and an end alignment fixture.

[0045]  Statement 8. The method of any one of statements 1 to 7, further comprising running a
perforating gun system into a wellbore, wherein the perforating gun system comprises the charge
tube secured to the gun component, wherein charges are disposed in the charge ports, and wherein
the charge tube and gun component are housed in a gun body.

[0046]  Statement 9. The method statement 8, further comprising detonating one or more of the
charges to create perforations through a casing in the wellbore.

[0047]  Statement 10. A method of modifying a charge tube, comprising: identifying a gun
system diameter; selecting a charge tube from a plurality of charge tubes, wherein each of the
charge tubes comprise charge ports; and swaging one or more ends of the charge tube to form
at least one swaged end on the charge tube that has a diameter that is with about 1% of the gun
system diameter.

[0048]  Statement 11. The method of statement 10, wherein the at least one swaged end has
increased inner and outer diameters with respect to a central body of the gun tube.

[0049]  Statement 12. The method of statement 10 or statement 11, wherein the at least one
swaged end has decreased inner and outer diameters with respect to a central body of the gun tube.
[0050]  Statement 13. The method of any one of statements 10 to 12, wherein the at least
one swaged end has an inner diameter that varies by about 2% or more with respect to a central
body of the gun tube.

[0051]  Statement 14. The method of any one of statements 10 to 13, wherein the at least one
swaged end has an outer diameter that varies by about 2% or more with respect to a central body
of the gun tube.

[0052]  Statement 15. The method of any one of statements 10 to 14, wherein the at least swaged

end comprises both ends of the charge tube.
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[0053]  Statement 16. The method of any one of statements 10 to 15, wherein the gun system
diameter is a diameter of a gun system component, and wherein the method further comprises
coupling the charge tube to the gun system component.

[0054]  Statement 17. The method of statement 16, wherein the gun system component
comprises at least one component selected from the group consisting of a detonator housing, a
switch housing, and an end alignment fixture.

[0055]  Statement 18. The method of statement 16 or statement 17, further comprising running
a perforating gun system into a wellbore, wherein the perforating gun system comprises the charge
tube secured to the gun component, wherein charges are disposed in the charge ports, and wherein
the charge tube and gun component are housed in a gun body, and wherein the method further
comprises detonating one or more of the charges to create perforations through a casing in the
wellbore.

[0056]  Statement 19. A perforating gun system comprising: a gun body; a gun system
component housed in the gun body; and a charge tube housed in the gun body, wherein the charge
tube comprises a central body having one or more charge ports that hold charges, and wherein the
charge tube further comprises a swaged end, wherein the swaged end is coupled to the gun system
component.

[0057]  Statement 20. The perforating gun system of statement 19, wherein the swaged end has
either an increased size or decreased size with respect to the central body, and wherein the gun
system component comprises at least one component selected from the group consisting of a
detonator housing, a switch housing, and an end alignment fixture.

[0058] For the sake of brevity, only certain ranges are explicitly disclosed herein. However,
ranges from any lower limit may be combined with any upper limit to recite a range not explicitly
recited, as well as, ranges from any lower limit may be combined with any other lower limit to
recite a range not explicitly recited, in the same way, ranges from any upper limit may be combined
with any other upper limit to recite a range not explicitly recited. Additionally, whenever a
numerical range with a lower limit and an upper limit is disclosed, any number and any included
range falling within the range are specifically disclosed. In particular, every range of values (of the
form, “from about a to about b,” or, equivalently, “from approximately a to b,” or, equivalently,
“from approximately a-b”) disclosed herein is to be understood to set forth every number and range

encompassed within the broader range of values even if not explicitly recited. Thus, every point
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or individual value may serve as its own lower or upper limit combined with any other point or
individual value or any other lower or upper limit, to recite a range not explicitly recited.

[0059]  Therefore, the present embodiments are well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein. The particular embodiments disclosed above
are illustrative only, as the present embodiments may be modified and practiced in different but
equivalent manners apparent to those skilled in the art having the benefit of the teachings herein.
Although individual embodiments are discussed, all combinations of each embodiment are
contemplated and covered by the disclosure. Furthermore, no limitations are intended to the details
of construction or design herein shown, other than as described in the claims below. Also, the
terms in the claims have their plain, ordinary meaning unless otherwise explicitly and clearly
defined by the patentee. It is therefore evident that the particular illustrative embodiments
disclosed above may be altered or modified and all such variations are considered within the scope

and spirit of the present disclosure.
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What is claimed is:
1. A method of attaching a charge tube, comprising

swaging one or more ends of the charge tube to form at least one swaged end on the charge
tube, wherein the charge tube comprises a plurality of charge ports; and

coupling the at least one swaged end to a gun system component.

2. The method of claim 1, wherein the at least one swaged end has increased inner and outer

diameters with respect to a central body of the gun tube.

3. The method of claim 1, wherein the at least one swaged end has decreased inner and outer

diameters with respect to a central body of the gun tube.

4. The method of claim 1, wherein the at least one swaged end has an inner diameter that

varies by about 2% or more with respect to a central body of the gun tube.

5. The method of claim 1, wherein the at least one swaged end has an outer diameter that

varies by about 2% or more with respect to a central body of the gun tube.

6. The method of claim 1, wherein the at least swaged end comprises both ends of the charge
tube.
7. The method of claim 1, wherein the gun system component comprises at least one

component selected from the group consisting of a detonator housing, a switch housing, and an

end alignment fixture.

8. The method of claim 1, further comprising running a perforating gun system into a
wellbore, wherein the perforating gun system comprises the charge tube secured to the gun
component, wherein charges are disposed in the charge ports, and wherein the charge tube and gun

component are housed in a gun body.
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9. The method of claim 8, further comprising detonating one or more of the charges to create

perforations through a casing in the wellbore.

10. A method of modifying a charge tube, comprising:

identifying a gun system diameter;

selecting a charge tube from a plurality of charge tubes, wherein each of the charge tubes
comprise charge ports; and

swaging one or more ends of the charge tube to form at least one swaged end on the charge

tube that has a diameter that is with about 1% of the gun system diameter.

11. The method of claim 10, wherein the at least one swaged end has increased inner and outer

diameters with respect to a central body of the gun tube.

12. The method of claim 10, wherein the at least one swaged end has decreased inner and outer

diameters with respect to a central body of the gun tube.

13. The method of claim 10, wherein the at least one swaged end has an inner diameter that

varies by about 2% or more with respect to a central body of the gun tube.

14. The method of claim 10, wherein the at least one swaged end has an outer diameter that

varies by about 2% or more with respect to a central body of the gun tube.

15. The method of claim 10, wherein the at least swaged end comprises both ends of the charge
tube.
16. The method of claim 10, wherein the gun system diameter is a diameter of a gun system

component, and wherein the method further comprises coupling the charge tube to the gun system

component.
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17. The method of claim 16, wherein the gun system component comprises at least one
component selected from the group consisting of a detonator housing, a switch housing, and an

end alignment fixture.

18. The method of claim 16, further comprising running a perforating gun system into a
wellbore, wherein the perforating gun system comprises the charge tube secured to the gun
component, wherein charges are disposed in the charge ports, and wherein the charge tube and gun
component are housed in a gun body, and wherein the method further comprises detonating one

or more of the charges to create perforations through a casing in the wellbore.

19. A perforating gun system comprising:

a gun body;

a gun system component housed in the gun body; and

a charge tube housed in the gun body, wherein the charge tube comprises a central body
having one or more charge ports that hold charges, and wherein the charge tube further comprises

a swaged end, wherein the swaged end is coupled to the gun system component.

20.  The perforating gun system of claim 19, wherein the swaged end has either an increased
size or decreased size with respect to the central body, and wherein the gun system component
comprises at least one component selected from the group consisting of a detonator housing, a

switch housing, and an end alignment fixture.
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