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The present invention relates to perforating guns of the
type used for casing perforation work in oil field recovery
and well completion operations and. more particularly to
an improved method and apparatus for supporting an
explosive charge in the barrel of -a. so-called jet type
perforating gun, by which is meant a perforating device
that employs shaped explosive charges designed to pro-

" duce the “jet effect” or “Munroe effect,” )

Conventionally, a jet type perforating gun comprises
a tubular gun barrel having explosion ports extending
through the wall thereof at spaced points, A shaped jet
producing explosive charge is positioned within the gun
barrel opposite each explosion port so that the explosive
forces developed upon detonation -of the charge are dis-
charged through the port. In accordance with present
operating practices, the explosive charges disposed in any
given section of the- gun barrel are detonated substan-
tially simultaneously by means. of a  detonating cord,
which extends longitudinally of the barrel and is threaded
through the explosive charges. All parts of the explosive
charge units and the assemblies for supporting the same
in the gun barrel are expendable and must be replaced

each time the gun is fired. However, the gun barrel sec-.

tions, to be. satisfactory, must be machined to close
tolerances from special alloy steels and hence are quite
expensive, Accordingly, every effort must be made to
- prevent the -directionalized explosive forces developed
upon detonation of the explosive charges from damaging
the gun barre] sections. - This can only be achieved if each
explosive charge unit is firmly and accurately held in the

gun barrel so that the cavitied end of the charge is in-

exact alignment with the opposed explosion port. In
order to achieve the desired alignment with conventional
charge supporting assemblies, certain dimensions of the
gun barrel must be held to tolerances.as close as plus
.015 inch and minus .000 inch. Moreover, such conven-
tional supporting assemblies do not include facilities for
positively protecting the explosion ports against damage
from the explosive forces discharged therethrough.

Accordingly, it is an object of the present invention
to provide an improved supporting. assembly for firmly
and accurately holding a jet producing explosive charge
in the barrel of a jet type perforating gun.

It is another object of the invention to provide an im--

proved explosive charge supporting assembly of the char-
acter described which provides the desired accuracy of

charge alignment with an explosion port of the gun barrel .
regardless of relatively large varxatlons in the physmal .

dunensmns of the gun barrel.

It “is a further object of the invention to prov1de an.

impFoved explosive charge supporting ‘assembly of the
character ‘described which -includes -an_expendable part
arranged to remain in an explosion port-of the gun barrel
during detonation of the charge opposite the pott, thereby |
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character described which is of simple and economical
construction and may be easily and quickly mounted in
the gun barrel.

According to a still further object of the mventlon,
an improved method is provided for securing a cavitied
explosive charge unit in a' tubular gun body which may
be easily and quickly carried out in the field and insures
exact: alignment of the charge with an explosion port m
the gun body.

The invention, both as to its organization and method
of operation, together with further objects and advantages—
thereof, will best be understood by reference to the speci-
fication taken in connection w1th the accompanying draw-:
ings, in which:

Fig. 1 is a side perspective view of a perforating gun
having embodied therein explosive charge supporting as-
semblies characterized- by the features of the present:
invention;

Fig. 2 is a view partially in section taken along the
lines 2—2 in Fig. 1 illustrating the details of one of the
charge supporting assemblies embodied in the gun shown
in Fig. 1; and .

Fig. 3 is a sectional view identical with that of Fig. 2
but 1llustratmg the parts of the charge supporting assem-.
bly in their fully assembled positions. :

Referring now more particularly to the drawmg, the
present improved charge supporting assembly ‘is. there il-
lustrated in its embodiment in a jet type perforating gun
indicated generally at 10. This gun, together with ‘the
facilities provided therein for detonating the various ex-’
plosive charges thereof, is preferably of the improved.
form disclosed and.claimed in copending - application
Serial No. 219,480, filed April 5, 1951 by Jacques H.:
Castel and assigned to the same assignee as the present
invention. Briefly, the gun 10 comprises a plurality of
tubular barrel sections .11 and 12 which are joined to--
gether at their adjacent ends by means of a firing sub-.
assembly 13. At its upper end the gun section 11 is con-.
nected to a second firing subassembly 15, which in turn
is comnected with.a contact subassembly 16... The upper -
end of the latter subassembly is connected to the lower -
end of a cable head sealing subassembly 17 which in turn.-
is conneécted to the lower end of a rope socket assembly -
18." The latter assembly is employed to anchor the lower
end of a cable 19 which is employed to lower and raise.

the gun into and out of the cased well which is to be .

perforated. At its lower end, the lower gun barrel section
12 is closed by an end closure cap 14. All of the de- -
scribed parts of the gun are preferably secured. together by

means of threaded connections therebetween in order to:. .
* provide a rigid overall assembly and to facilitate assembly

" "and disassembly of the gun structure.
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Each of the two gun sections 11 and 12 is provided with -
a plurality of explosion ports 26 spaced apart along the -
length thereof. These ports may. also be spaced circum-

_ferentially of each -gun section in any desired manneér,
‘As disclosed more fully in the above-referred to copend- -

ing application, the firing facilities for detonating the
explosive charges disposed in the gun sections 11 and 12.
opposite the ports 20 are preferably so arranged. that.

__the exploswe charges of each gun section may selectively..

" be fired in sequence,

In this connection, it is noted that -

. the detonatlng cords, which extend longitudinally of the .’

65

to protect the port againist damage from the exploswe '

forces discharged therethrough. .
It is still-another object of the 1nventlon to provide an

improved , explosive charge supporting assembly: of the

70

gun sections 11 and 12 and are threaded through the ex-.
plosive charges dlsposed in these gun sections are pref-,
erably electrically ignited from the surface of the éarth |

‘over an electrical circuit which comprises an 1nsulated o

conductor forming & part of the cable 19.

Referring now more particularly to Figs. 2 and 3 of the -
drawmg, the- present improved exploswe charge support- g
ing assembly is there illustrated in its use to support-a ’
="cavitied -explosive "charge unit indicated generally at'21°
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in the gun barrel section 11 opposite one of the explosion
ports 20. The explosive charge unit or cartridge 21 com-
prises a generally cylindrical container 22 preferably
formed of a molded plastic insulating material, such as
a phenol-formaldehyde resin (e. g. Bakelite), and hav-
ing -a neck 23 of reduced diameter which is adapted to
seat in a recess 24 accurately formed in the wall of the
gun barrel 11 directly opposite the explosion port 2.
The casing 21 is partially filled with a suitable explosive
material 25 which extends well into the hollow interior
of the neck 23 to surround a metallic sleeve 26 extend-
ing transversely of the casing 21 through aligned openings
in the neck 23. This sleeve is adapted to receive a deto-
nating cord, such as Primacord or the like, which is
threaded through the sleeves 26 of all of the charges pro-
vided in the barrel 11, and is arranged for electrical igni-
tion from the surface of the earth to serve as the detonat-
ing element for all of the charges through which it is
threaded.

At the end thereof which faces the port 20, the ex-
plosive charge 25 is provided with a conical cavity 27
which is lined with an inert liner 28 of conical configura-
tion, formed, for example, of a metal such as copper,
brass, steel, aluminum or the like, or of other inert ma-
terial, such as glass. Provision of this lined conical
cavity in the explosive charge 23 has the well known
effect of directionalizing the explosive forces developed
upon detonation of the charge along a confined path hav-
ing the axis of the conical cavity 27 as its center. This
directionalization effect is commonly referred to as the
“Munroe Effect” or “jet effect.” At the end thereof which
faces the explosion port 20, the casing 22 is provided
with 'a counterbore 29 which terminates in an annular
seat 30 for supporting one of the components of the
supporting assembly in the manner more fully explained
below. The seat 30 is spaced outwardly from the base
of the conical cavity 27 in the explosive charge 25 to
provide a minimum standoff distance d.

Referring now more particularly to the present im-
proved facilities for supporting the unit 21 in the barrel
11, it is pointed out generally that these facilities com-
prise a positioning sleeve 31, a closure plug 32 and a de-
formable positioning disk 33. As best shown in Fig. 2,
the positioning disk 33 is normally in the form of an in-
verted dish-shaped annular ring and is provided with a
flange 334 along the inner edge thereof which fits snugly
into the lower end of the positioning sleeve 31. The
outside edge of the disk 33 is adapted to fit snugly in
the counterbore 29 formed in the casing 22 and to seat
on the annular seat 30. Prefearbly, the disk 33 is con-
structed of a lightweight metal, such as aluminum or
magnesium, and is of appropriate thickness to be readily
deformable and to have a reasonable amount of re-
siliency.

The plug 32 is arranged to perform three functions,
namely, that of closing the explosion port 20, that of
holding the unit 21 in place within the gun barrel 11,
and that of protecting the port 20 against damage by
the explosive forces developed upon detonation of the
explosive charge 25 in the unit 21. Specifically, the plug
32 is provided with a frangible end wall 32a¢ which is
adapted to be ruptured upon detonation of the explosive
charge 25 and with a tubular portion 325 which is adapt-
ed to be threaded into the explosion port 20. As shown,
the explosion port 20 is provided with internal threads
34 for receiving the external threads 32c¢ formed around
the tubular portion 325 of the plug 32. The head of
the plug 32 is adapted to seat within a counter-bore 35
formed in the external wall of the barrel 11 coaxially
with the threaded portion of the port 20. This plug
head is provided with spaced tool receiving recesses 32d
or equivalent means that may be engaged by a suitable
tool to thread the plug 32 into place. For the purpose
of sealing the port 20 against the admission of well fluid
to the interior of the barrel 11, a soft rubber gasket 36
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is provided which is clamped between the head of the
plug 32 and the bottom wall of the counter-bore 35 when
the plug is fully threaded into the port 206. The plug
32 may be formed of any suitable material, and is pref-
erably of a metal having adequate strength that is at
the same time readily pierced by the explosive forces
of the shaped charge unit. Aluminum and various
aluminum base alloys are suitable for this purpose, al-
though brass, copper and other metals can be used. The
end wall 322 may be formed of one material and the
tubular portion 32b of another, if desired, but the en-
tire plug 32 is preferably of unitary construction.

At its inner end the tubular portion 325 of the plug 32
engages the outer end of the positioning sleeve 31. More
particularly, the upper end of the sleeve 31 is provided
with an external shoulder 31a for seating the inner end
of the plug. Further, that portion 315 of the positioning
sleeve 31 which extends beyond the shoulder 31a is pro-
vided with an inwardly tapering cuter surface which seats
within the. correspondingly tapered inner surface of the
tubular plug part 326 to insure exact axial alignment of
the two components 31 and 32.

In accordance with the present improved method of
securing the explosive charge unit 21 and the described
components of the supporting assembly in the gun bar-
rel 11, the positioning disk 33 is first inserted in the
counter-bore 29 of the casing 22 unti] the outer edge there-
of is firmly seated against the seat 39. Frictional en-
gagement between the outer edge of this disk 33 and
the wall of the counter-bore 29 is sufficient to hold the
disk assembled with the unit 21. The next operation is
that of threading the detonating cord through the sleeve
26, following which a pair of tongs may be employed to
insert the unit 21 in the barrel 11 and position the end
of the neck 23 in the recess 24 opposite the explosion port
20. The operator may now insert the positioning sleeve
through the explosion port 28 and by manipulating the
unit 21 may telescope the inner end of this sleeve over
the flange 334. In this connection, it will be noted that
prior to insertion of the plug 32 into the explosion port,
a substantial portion of the positioning sleeve 31 remains
in the port to minimize the likelihood of this sleeve pass-
ing through the port and falling to the bottom of the gun
barrel 11.

After the sleeve 31 is thus brought into position with
the inner end thereof resting against the inner edge sur-
face of the disk 33, the plug 32 with the gasket 36
thereon may be threaded into the port 20. As the plug
32 .is threaded into the port, the end portion 31b of the
positioning sleeve 31 enters the tubular portion 315 of
the plug, following which the inner end of the plug en-
gages the shoulder 31a of the positioning sleeve. Dur-
ing the contintied inward movement of the plug, the
sleeve 31 is forced axially inward to press the end of the
casing neck 23 into firm seating engagement with the
bottom of the recess 24. Also during the final inward
movement of the plug 32 and positioning sleeve 31,
the disk 33 is deformed by moving the inner edge thereof
inwardly while holding the outer edge thereof in seat-
ing arrangement with the annular seat 30 provided at
the end of the casing 22. After the plug 32 is fully
threaded into the port 20 to compress the gasket 36, the
port 20 is completely sealed off to prevent well fluid
from entering barrel 11. After the components are fully
assembled in the manner explained above, the disk 33
is deformed in the manner illustrated in Fig. 3, so that it
is effectively held under stress between the seat 30 and
the inner end of the positioning sleeve 31. By making
the disk 33 of a lightweight deformable metal having a
reasonable amount of resiliency, and of the shape and
size illustrated, uniform deformation of this disk is pro-
duced around the entire annulus thereof so that tilting
of the explosive charge unit 21 out of axial alignment
with the explosion port 20 is positively prevented. More-
over, and as will be apparent from the above explana-
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tion, the: permissible amount of :deformation of the po-
sitioning ‘disk 33 is such that there is no necessity for
holding the dimensions of the plug 32 and the position-
ing sleeve 31 or the distance between the bottom of the
recess 24 and the bottom of the counter-bore 35 to ex-
tremely close tolerances.

As indicated above, when the explosive charge 25 is
detonated all parts of the unit 21 and the described sup-
porting assembly, with the possible exception of the seal-
ing gasket 36, are expended. More specifically, detona-
tion of the charge 25 results in the production of a highly
directionalized. jet of explosive forces which is directed
outwardly through the tubular portion 326 of the plug
32.. These forces rupture the frangible end wall 32a of
the plug -and penetrate the casing adjacent the port 20
as well as the earth’s strata which surrounds this-casing.
The extremely violent nature of the explosive forces ac-
counts for the requirement that the axis of the conical
cavity 27 in the explosive charge 25 be precisely coinci-
dent with the exact center of the explosion port 20, Such
precision .alignment of the-conical cavity axis axially of
the port 20 is obtained by. employing the described sup-
porting: assembly to support the unit: 21 in the manner
just -described.

In accordance with another . 1mportant feature of the
invention, the tubular portion 32b of the plug 32 is also

so arranged as to remain in the port 20 during detona-
tion of the explosive charge 25 to act as a liner for the
port and prevent the explosive charges from “nicking”
or otherwise damaging the walls of the gun barrel which
define the port. - Specifically, buttress threads 34 and 32¢
are: respectively provided in the port 20 and on the tu-
bular portion of the plug 32 to hold the plug in position
within the port 20. As shown, the threads 34 in the
walls defining the port 20 in the barrel 11 are arranged
with the thrust sides thereof facing inwardly, so that maxi-
mum resistance to thread shearing is obtained. It has
been found that by employing threads of the character
specified -arranged in the manner described, the tubular
portion 32b of the plug 32.is positively prevented from
being blown out. of the explosion port 20 upon detona-
tion. of -the explosive charge 25.. Thus the tubular por-
tion 32b of the plug remains in place to protect the srde
walls of the port 20 against damage.

"To understand the importance and scope of the pres-
ent invention, it should first be understood that in perfo-
rating guns of the general character here involved, it has
previously been proposed to use explosion port closures
and assemblies of expendable components intended to
align the explosive charge units with the ports that super-
ficially correspond to some of those:constituting the essen-
tials of this invention. The prior devices, however, have
been found.- by test to be incapable of providing uniform
and positive alignment of the explosive charge with the
ports, and hence have failed to protect the gun barrels
from damage. . Additionally, these prior devices are more
expensive in use because they: are more difficult to as-
semble, and -they require more elaborate and costly
machmmg of the various parts and the gun barrel itself
in order to enable them to function..

:Asdirect comparison of the previously used port clos-

ures and explosive unit alignmeént: systems with those of -

this invention will probably best demonstrate the con-
clusions -just expressed. For example, a common form
of gun body section (such as 11 of the present draw-
ings). may have a mominal outside diameter of four
inches and a nominal inside diameter of two and three-
quarters inches. The alignment system of the type here-
tofore known depends upon a rigid disk, corresponding
generally to the deformable disk 33, and a sleeve corre-
sponding roughly to the sleeve 31, either as a separate
part or formed integrally with the rigid disk. These
members are disposed to cooperate with the open end
of the container for the explosive charge and the inner
end of the port in the gun body to align the explosive
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plug bodies left in the well.

charge unit, whose opposite énd is-seated. in a recessin
the gun body, as in the case of the invention-above-de-
scribed. . The outer end of the port is then sealed by a
plug and gasket generally corresponding in purpose, and
even in appearance, to the plug 32 of this invention.  Be-
cause these previously used components depend for- their
proper functioning solely on their fixed dimensions, they
must be accurately made, and the dimensions of the gun
body in which they are used must also be fixed within
close limits. In the prior devices described, for example,
a nominal four-inch gun body must have its actual out-
side diameter formed throughout its entire length within
the limits of 4.000 'inches and 4.015 inches, ‘while the
critical dimension from the bottom of each.of the re-
cesses opposite the ports to the seating shoulder for the
port-closing plug must be in each case within the limits
of 3.243 inches and 3.257 inches. The maintenance
of such close tolerances in forming massive alloy steel
tubular ‘bodies many feet in length with numerous pairs
of ports and recesses and with a wall thickness of more
than one-half inch is obviously laborious and' expensive.
Moreover, the necessity of maintaining such close. tol-
erances defeats itself in practice, because repeated use of
the gun body involve the firing of many explosive
charges within it, with the inevitable result that the gun
body, despite its massive construction, is expanded -and
distorted so that the dimensions of the device, no matter
how closely controlled. initiaily, are changed in use. A
necessary concomitant of a change is‘that accurate ahgn—
ment of the charges becomes uncertain.

By contrast, a gun body of four inches nominal size
in which is embodied the features of this invention need
not be made to such close tolerances, and the outside:
diameter of the body need be maintained only within
Y49 inch of -its nominal diameter, while the dimension
from the bottom of the counter-bore 35 to the bottom
of the recess 24 may vary by as much as ¥4g inch.” Even-
these limits could be widened were it not for the change of

_ dimensions of the gun body in use, as noted above.

Moreover, because the components that insure align-:
ment of the explosive charges and ports in:the present
improved structure are deformable, the sleeve 31 when
injtially located in its place in the assembly extends ‘well -
into the port itself, and this distance is only reduced as:
the charge is seated by threadmg the plug 32 into place.
This allows speed and ease in assembling the components
and in :loading the gun bodies- without danger of a-
“cocked” or misaligned charge. This possibility .of a'.
misaligned charge is ever present in the previously used

50> System, since it depends on elements of fixed dimensions,

and -the. -part corresponding to the sleeve 31 cannot ini--
tially intrude any farther into the port than its final posi-
tion, which is necessanly a very small distance, since it is
essential that:a maximum of its available thread length

: be used to secure the sealing plug in the port.

“Turning now to a comparison of the plugs that ‘seal
the ports, there is one'small but vital structural difference
in these, although there are other important distinctions
in the way that they coact in combination Wwith the as-
sociated elements of the invention. As previously con-
structed, the closure plugs were threaded ‘to their full
length with standard machine threads, and it was intended
that the explosive forces be directed through the closed
end of the plugs to effect perforation of the well wall
while leaving roughly an annulus of each plug, including
its threaded portion, in place in each port. It is highly
desirable to achieve this result for two reasons: First, it
is obvious that if the threaded portion remains in the
ports, the whole of the effective explosive forces are ex-
erted through the frangible ends of the plugs and will
not injure the gun body; second, and most important, if
the threaded body of the plugs are not retained in the =
ports but are carried away, or partly so, by the explosive
forces, there would be a quantity of the deformed metal
Any scrap or ‘so-called
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“§unk,” particularly metal fragments, in a well constitute
a hazard to operations in the well; since:this may cause
damage to tools, such as swabs and packers, and may
become jammed between a tool and the well wall or
casing to necessitate an expensive fishing job. Portions
of the port plugs that are only partly carried out of the
ports frequently require fishing of the gun body itself.

Experience in the field has shown that the usual ma-
chine threads heretofore used frequently shear or strip
on the plug bodies to allow these to be carried away, or
partly so. Surprisingly, however, the adoption of buttress
threads as disclosed above has proved effective to elimi-
nate this completely for all practical purposes. In field
operations involving thousands of shots using the buttress
threaded port plugs of this invention, the proportion of
plug bodies carried away has been mnegligible.

The second advantage of the plugs of this invention
is the way in which these cooperate with the other ele-
ments of the aligning system to insure positive alignment
of the axis of the explosive charge with the port. Because
the sleeve 31 is ultimately forced inward to deform. the
positioning disk 33 and all of the ports are thus held
under stress, no necessity exists for holding the dimensions
of the sleeve, the disk and the threaded body of the plug
within fixed limits as is true in the case of the previously
used devices, and the benefits thereby gained will be ap-
parent.

Finally, it will be seen that all of the advantages and
novel features that contribute to the value of this inven-
tion are gained without departing from the fundamental
physical arrangement of the corresponding devices here-
tofore known, so that a minimum change in the related
structure is involved. Thus, the shaped explosive charge
units, gun bodies, loading and firing tools and systems
and other associated parts used conventionally before
the advent of the present improvements are incorporated
without alteration in the practice of this invention. The
advantages and economies accruing from this compati-
bility of the invention with that which has been hereto-
fore used are obviously significant.

While one embodiment of the invention has been de-
scribed, it will be understood that various modifications
may be made therein which are within the true spirit and
scope of the invention as defined in the appended claims.

What is claimed as mew and desired to be secured by
Letters Patent of the United States is:

1. In a perforating gun which includes a gun barrel
provided with an explosion port in a wall thereof, an as-
sembly for holding a cavitied explosive charge unit in said
barrel in axial alignment with said port with the cavitied
end of the explosive charge facing said port, comprising
a positioning sleeve, means closing said port and support-
ing said positioning sleeve in axial alignment with said
port, said unit being provided with an annular seat adja-
cent the inner end of said sleeve, and a dish-shaped an-
nular member deformably held between said sleeve and
said unit and provided with an outer edge seated on said
annular seat, said member having an inner edge surface
seating against the inner end of said sleeve and being
provided with a flange around said inner edge which pro-
jects into said sleeve.

2. In a perforating gun which includes a gun barrel

16

15

20

30

35

40

45

50

55

60

8

provided with a buttress threaded explosion port.through
the wall thereof, an assembly for holding a cavitied ex-
plosive charge unit in said "barrel in axial alignment with
said port with the cavitied end of the explosive charge
facing said port, comprising ‘a hollow plug closing said
port and provided with a frangible end wall which is
adapted to be ruptured upon detonation of the explosive
charge, said plug including a tubular portion having ex-
ternal buttress threads -engaging the buttress threaded ex-
plosion port of said barrel and coacting therewith to hold
the tubular portion of said plug in place upon detonation
of the explosive charge, a positioning sleeve engaging said
plug at the inner end thereof, said unit being provided
with an annular seat adjacent the inner end of said sleeve,
and a dish-shaped annular member deformably held be-
tween said sleeve and said unit and provided with an outer
edge seated on said annular séat, said member having an
inner edge surface seating against the inner end of said
sleeve and being provided with a flange around said inner
edge which projects into said sleeve.

3.'In a perforating gun which includes a gun barrel
provided with an explosion port through the wall thereof,
the walls defining said port having buttress threads ex-
tending inwardly from the outer side of said barrel with
the thrust sides of said threads facing inwardly, a cavitied
explosive charge unit adapted to be supported in said
barrel with the cavitied end of the explosive charge facing
and aligned with said port, a hollow plug closing said port
and provided with a frangible end wall which is adapted
to be ruptured upon detonation of the explosive charge,
said plug including a tubular - portion: having external
threads engaging the buttress threads of said explosion
port and coacting therewith to hold the tubular portion
of said plug in place upon detonation of said explosive
charge, a positioning sleeve provided with a shouldered
outer end which projects within and engages the inner end
of the tubular portion of said plug, said unit being pro-
vided with an annular seat adjacent the inner end of said
sleeve, and a dish-shaped annular member deformably
held between said sleeve and said unit and provided with
an outer edge seated on said annular seat, said member
having an inner edge surface seating against the inner end
of said sleeve and being provided with a flange around
said inner edge which projects into said sleeve.
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