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TITLE
[0001] Alignment System for Perforating Gun
FIELD
[0002] The invention generally relates to perforating guns used in a subterranean

environment. More particularly, the invention relates using an alignment ring to accurately

control the orientation of the explosive charges with respect to the perforating gun body.

BACKGROUND

[0003] Generally, when completing a subterranean well for the production of fluids,
minerals, or gases from underground reservoirs, several types of tubulars are placed downhole as
part of the drilling, exploration, and completions process. These tubulars can include casing,
tubing, pipes, liners, and devices conveyed downhole by tubulars of various types. Each well is
unique, so combinations of different tubulars may be lowered into a well for a multitude of
purposes.

[0004] A subsurface or subterranean well transits one or more formations. The formation
is a body of rock or strata that contains one or more compositions. The formation is treated as a
continuous body. Within the formation hydrocarbon deposits may exist. Typically a wellbore
will be drilled from a surface location, placing a hole into a formation of interest. Completion
equipment will be put into place, including casing, tubing, and other downhole equipment as
needed. Perforating the casing and the formation with a perforating gun is a well known method
in the art for accessing hydrocarbon deposits within a formation from a wellbore.

[0005] Explosively perforating the formation using a shaped charge is a widely known
method for completing an oil well. A shaped charge is a term of art for a device that when
detonated generates a focused explosive output. This is achieved in part by the geometry of the
explosive in conjunction with a liner in the explosive material. Generally, a shaped charge
includes a metal case that contains an explosive material with a concave shape, which has a thin
metal liner on the inner surface. Many materials are used for the liner, some of the more common
metals include brass, copper, tungsen, and lead. When the explosive detonates the liner metal is

compressed into a super-heated, super pressurized jet that can penetrate metal, concrete, and rock.

SUBSTITUTE SHEET (RULE 26)
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[0006] A perforating gun has a gun body. The gun body typically is composed of metal
and is cylindrical in shape. The gun body will have one or more scallops machined out of its
surface. A scallop is a thin spot on the gun body, usually circular in shape. Each scallop is
designed to align with a corresponding shape charge contained within the gun body. The scallop
allows for a uniform thickness of metal that is at a ninety degree angle with respect to the plasma
jet that exits an exploding shape charge. The scallop allows for less explosive energy needed to
exit the gun body and for a more predictable trajectory of the plasma jet into the formation being
perforated. Moreover, the scallops reduce the impact burrs created during detonation that may
interefere with moving the gun or retrieving the gun. However, since the shape charges are
typically located on a separate charge holder located within the gun body, it is difficult to
perfectly align each scallop with its corresponding shape charge.

[0007] Within a typical gun tube is a charge holder, which is a tube that is designed to
hold the actual shape charges. The charge holder will contain cutouts called charge holes where
the shape charges will be placed. The alignment of the charge holder with the gun tube is
important in controlling the position of the shape charges when they detonate. Error in the
orientation of the shape charge with respect to the scallop can cause the explosive jet to miss its
intended target within the formation.

[0008] A charge tube may have end fittings attached at either end. The end fittings
provide for restricting the movement of the charge tube with respect to the gun body. The current
method for aligning the charge holder with the gun tube involves using an alignment end with a
slot and bolt design on the gun tube. The alignment end contains a bolt head or some other
protrusion. The bolt is lined up with the first shape charge. The charge holder with the alignment
end is then placed inside the gun body. The gun body has a slot cut out of the inner surface. The
slot is aligned with the first scallop on the gun barrel, which also happens to be the closest
scallop to the alignment end. The bolt on the alignment end will normally interfere with the
threads or the inner surface of the gun body if there is no slot. Thereby preventing the charge
holder from being placed in the gun body. However, the slot cut will allow the charge holder to
be placed into the gun body so long as the bolt head is properly aligned with the slot cut. The slot
cut on the gun body is aligned with the first scallop on the outside of the gun body.

[0009] This slot and bolt design is robust and simple in its execution. The problem with
this design is that the slot has to be machined through the threads. Moreover, the length of the
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slot cut is limited by the machining capabilities as the slot cannot be milled into the inner gun
body for more than a few inches from the end of the gun body. The bolt cannot be on the bottom
of the gun charge because then the gun charge cannot be dropped into the gun tube from the top.
This would require a slot machined into the side of the gun tube for the entire length of the gun
tube, which is difficult and impractical. Therefore, this method cannot be used to align both ends
of the charge holder with the gun tube. In some cases, such as with long perforating guns, the
charges distant from the alignment end can drift out of alignment with the scallops, thereby
reducing charge efficiency. Further, this method has certain manufacturing and installation

limitations.
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SUMMARY OF INVENTION
[0010] In a least one example of the invention, a perforating gun comprises a gun body having a
bore, at least one scallop, a retaining ring groove, and a gun body alignment slot, a charge holder
having at least one charge hole and a charge holder alignment slot, and a retaining ring having an
alignment tab wherein the retaining ring is captured in the retaining ring groove and prevents the
charge holder from translating in the bore in at least one direction and the alignment tab engages
with the gun body alignment slot and the charge holder alignment slot to prevent rotation of the
charge holder within the bore. One aspect to this example may include that the perforating gun
has at least one scallop in the gun body wherein the engagement of the alignment tab with the
gun body alignment slot and charge holder alignment slot aligns the at least one charge hole with
the at least one scallop.
[0011] In variation of an example of the invention, the perforating gun further comprises a
plurality of charge holes in the charge holder, and a plurality of scallops in the gun body,
wherein the engagement of the alignment tab with the gun body alignment slot and charge holder
alignment slot aligns the charge holes with the scallops.
[0012] In another variation of an example of the invention the perforating gun the retaining ring
has a semicircular body and alignment tab is substantially orthogonal to the semicircular body.
The perforating gun further comprises a grounding hole in the retaining ring.
[0013] In another example of the invention a perforating gun comprises a gun body having a
bore, at least one scallop, a first retaining ring groove, a second retaining ring groove, a first gun
body alignment slot, and a second gun body alignment slot, a charge holder having at least one
charge hole, a first charge holder alignment slot near a first end, and a second charge holder
alignment slot near a second end, a first retaining ring having an alignment tab, and a second
retaining ring having an alignment tab, wherein the first retaining ring is captured in the retaining
ring groove and prevents the charge holder from translating in the bore in at least one direction
and the alignment tab engages with the gun body alignment slot and the charge holder alignment
slot to prevent rotation of the charge holder within the bore.
[0014] In a variation of an example of the invention the perforating gun of further comprises at
least one scallop in the gun body wherein the engagement of the alignment tabs with the gun
body alignment slots and charge holder alignment slots aligns the at least one charge hole with

the at least one scallop.
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[0015] In another variation of an example of the invention the perforating gun further comprises
a plurality of charge holes in the charge holder, a plurality of scallops in the gun body, wherein
the engagement of the alignment tabs with the gun body alignment slots and charge holder
alignment slots aligns the charge holes with the scallops. Furthermore, the perforating gun of has
the retaining rings having a semicircular body and the alignment tab that is substantially
orthogonal to the semicircular body. In another variation of an example of the invention the
perforating gun further comprises a grounding hole in the retaining rings.

[0016] Another example of the invention is a retaining ring comprising a semicircular body, and
an alignment tab, wherein the alignment tab is substantially orthogonal to the semicircular body.
A variation of the retaining ring is that the retaining ring further comprises a grounding hole.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0017] For a thorough understating of the present invention, reference is made to the
following detailed description of the preferred embodiments, taken in conjunction with the
accompanying drawings in which reference numbers designate like or similar elements

throughout the several figures of the drawing. Briefly:

[0018] Figure 1 is a side view of a fully assembled perforating gun.

[0019] Figure 2a and 2b are views of the snap ring.

[0020] Figure 3 is a cross sectional view of the end fitting with snap ring, installed in a
gun tube.

[0021] Figure 4 is an oblique view of the fully assembled perorating gun with the snap
ring installed.
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DETAILED DESCRIPTION OF THE DRAWINGS
[0022] In the following description, certain terms have been used for brevity, clarity, and
examples. No unnecessary limitations are to be implied therefrom and such terms are used for
descriptive purposes only and are intended to be broadly construed. The different systems and
method steps described herein may be used alone or in combination with other systems and
method steps. It is to be expected that various equivalents, alternatives, and modifications are
possible within the scope of the appended claims.
[0023] As shown in Figure 1, a typical perforating gun 10 comprises a gun body 11 that
acts as a housing for all of the components necessary for containing the shape charge 12. The
gun body 11 is a term of art that usually describes a cylindrical shaped tube, composed of a metal
that is well known in the art. The gun body has threads 13, 33 on either end 14, 34, respectfully,
that are used to assist in connecting the gun body to other tubulars, including multiple gun bodies,
for use downhole. In the present embodiment these threads 13, 33 are internal. The gun body has
one or more scallops 15 that are typically machined into the outside diameter of the gun body 11.
A scallop 15 should align with a corresponding shape charge 12 located within the gun body 11.
The scallop 15 allows the shape charge 12 to more easily penetrate the gun body 11 and
facilitates a more uniform explosive jet. The scallop 15 reduces the external burrs created as the
perforating jet exits the gun body 11, allowing for easier retrieval of the perforating gun 10. In
this embodiment the gun body 11 has at least one gun body alignment slot 16.
[0024] The gun body alignment slot 16 may be formed by a variety of manufacturing and
machining methods. The gun body alignment slot 16 may be formed by broaching a slot within
the inner wall 17 of the gun body 11. The gun body alignment slot 16 may also be formed by
electric discharge machining within the inner wall 17 of the gun body 11. The gun body
alignment slot 16 may be formed by a combination of there or other machining operations or
techniques that are known in the art.
[0025] The shape charges 12 are placed inside a charge holder 18 that contains at least
one charge hole 19. Each charge hole 19, the corresponding shaped charge 12, and the
corresponding scallop 15 on the gun body 11 need to all be substantially aligned in order to
accurately place the holes being shot into the subterranean formation.
[0026] The charge holder 18 is connected to the gun body 11 via at least one end fitting
20, 30. The end fitting 20 and the charge holder 18 are aligned with respect to each other via



WO 2015/178952 PCT/US2014/059894

means that are well known in the art. The end fitting 20 contains the means for aligning the
charge holder 18 and gun body 11. As shown in Figure 4, the charge holder 18 end fitting 20
contains a slot 21 adapted to fit a snap ring 22. The snap ring 22 prevents longitudinal movement
of the charge holder 18 in the gun body 11. The first charge hole is aligned with the first scallop
such that they are aligned radially.

[0027] The end fitting 20 is connected to the charge holder 18. The end fitting 20 is
aligned such that the slot 16 on the end fitting 20 is aligned with the first or nearest shape charge
hole 29 on the charge holder 18. The end fitting 20 is held in alignment with the charge holder 18
via a fastening means that may include a screw, a bolt, or other means that are well known in the
art.

[0028] A snap ring 22 with an alignment tab 23, as shown in Figure 2A and 2B, is used
to align the end fitting with respect to the gun body. As shown in Figure 3 and Figure 4, the snap
ring 22 interfaces with the end fitting alignment slot 21 and matches it to the gun body alignment
slot 16. The alignment tab 23 on the snap 22 ring locks in the alignment of the end fitting 20 with
the first scallop 44 on the gun body 11. The snap ring 22 has a grounding hole 29 that allows for
an electrical ground within perforating gun 10. This electrical ground can be used to ground
electronics to the gun body 11 and the attached tool string.

[0029] In another embodiment as depicted in Fig. 1, the charge holder 18 has an end
fitting 20, 30 at both ends. Each end fitting 20, 30 has an end fitting holder alignment slot 21, 51.
In this embodiment, there are two retaining rings 22, 42 that are used to align the charge tube 18
within the gun body 11 at both ends. In this embodiment, the additional retaining ring 42
provides a higher degree of accurate alignment between the one or more scallops 15 of the gun
body 11 and the one or more corresponding charge holes 19 on the charge holder 18. As a result,
the shape charges 12 located at each charge hole 19 are more closely aligned with each
corresponding scallop 15. In this embodiment, as shown in Fig. 1, the far right scallop 24 is
aligned with the first gun body alignment slot 16. The far right charge hole 29 is aligned with the
end fitting alignment slot 21. Furthermore, the far left scallop 44 is aligned with the second gun
body alignment slot 56. The far left charge hole 49 is aligned with the second end fitting
alignment slot 51.

[0030] Although the invention has been described in terms of particular embodiments
which are set forth in detail, it should be understood that this is by illustration only and that the
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invention is not necessarily limited thereto. Alternative embodiments and operating techniques
will become apparent to those of ordinary skill in the art in view of the present disclosure.
Accordingly, modifications of the invention are contemplated which may be made without
departing from the spirit of the claimed invention. In particular, use of the terms “scallop”,
“retaining ring groove”, “charge hole”, “charge holder alignment slot”, “retaining ring”,
“alignment tab”, and “gun body alignment slot” herein and within the claims to follow are

defined expansively to encompass equivalent terms that are well known in the art.
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CLAIMS

1. A perforating gun comprising:

a gun body having a bore, at least one scallop, a retaining ring groove, and a gun body
alignment slot;

a charge holder having at least one charge hole and a charge holder alignment slot; and

a retaining ring having an alignment tab;

wherein the retaining ring is captured in the retaining ring groove and prevents the charge
holder from translating in the bore in at least one direction and the alignment tab engages with
the gun body alignment slot and the charge holder alignment slot to prevent rotation of the
charge holder within the bore.
2. The perforating gun of claim 1 further comprising:

at least one scallop in the gun body;

wherein the engagement of the alignment tab with the gun body alignment slot and
charge holder alignment slot aligns the at least one charge hole with the at least one scallop.
3. The perforating gun of claim 1 further comprising:

a plurality of charge holes in the charge holder;

a plurality of scallops in the gun body;

wherein the engagement of the alignment tab with the gun body alignment slot and
charge holder alignment slot aligns the charge holes with the scallops.
4. The perforating gun of claim 1 wherein the retaining ring has a semicircular body and
alignment tab is substantially orthogonal to the semicircular body.

5. The perforating gun of claim 1 further comprising a grounding hole in the retaining ring.

-10 -
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6. A perforating gun comprising:

a gun body having a bore, at least one scallop, a first retaining ring groove, a second
retaining ring groove, a first gun body alignment slot, and a second gun body alignment slot;

a charge holder having at least one charge hole, a first charge holder alignment slot near a
first end, and a second charge holder alignment slot near a second end;

a first retaining ring having an alignment tab; and

a second retaining ring having an alignment tab;

wherein the first retaining ring is captured in the retaining ring groove and prevents the
charge holder from translating in the bore in at least one direction and the alignment tab engages
with the gun body alignment slot and the charge holder alignment slot to prevent rotation of the
charge holder within the bore.
7. The perforating gun of claim 7 further comprising:

at least one scallop in the gun body;

wherein the engagement of the alignment tabs with the gun body alignment slots and
charge holder alignment slots aligns the at least one charge hole with the at least one scallop.
8. The perforating gun of claim 7 further comprising:

a plurality of charge holes in the charge holder;

a plurality of scallops in the gun body;

wherein the engagement of the alignment tabs with the gun body alignment slots and
charge holder alignment slots aligns the charge holes with the scallops.
9. The perforating gun of claim 7 wherein the retaining rings have a semicircular body and

the alignment tab is substantially orthogonal to the semicircular body.

10.  The perforating gun of claim 7 further comprising a grounding hole in the retaining rings.

-11-
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11.

12.

A retaining ring comprising:

a semicircular body;

an alignment tab;

wherein the alignment tab is substantially orthogonal to the semicircular body.
The retaining ring of claim 11 further comprising:

a grounding hole.

-12-
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FIG. 4
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