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[57] ABSTRACT 
A perforating apparatus is provided with a charge re 
ceptacle having a groove in the receptacle outer wall. 
Upon detonation of a shaped charge, the wall portion 
surrounded by the groove is cleanly sheared away - 
leaving no burr on the receptacle wall. The sheared 
wall portion serves as a projectile in penetrating a well 
casing without leaving a burr on the casing wall. 

10 Claims, 4 Drawing Figures 
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PERFURATING APPARATUS 

This invention relates to perforating apparatus for 
providing communication between a well bore and ?u 
ids in the formations surrounding the well bore so that 
the ?uids can be retrieved More particularly, this in 
\ ention relates to an improved shaped charge perforat 
ing apparatus. 

in completing a well. for example. an oil or gas well. 
after the ?uid has been drained from a well bore-hole. 
the bore hole is typically cased and a shaped charge 
perforating apparatus is lowered into the bore hole. 
The perforating apparatus contains a series of shaped 
capsule charges suitably linked to one another to form 
a chain of charges for perforating the bore hole easing 
at selected locations. The perforations enable the ?uid 
in the earth formation adjacent the bore hole casing to 
enter the casing and be retrieved therefrom. 
The shaped capsule charges for well perforating pur 

poses contain high-brisance detonating explosives. The 
capsule is shaped with a cavity or hollow. generally of 
conical shape. and is aligned within a thin metal liner 
and inserted within a charge receptacle. When deto 
nated. the major proportion of the generated explosive 
force is concentrated. by virtue of the shape of the hol 
low and the metal liner. into a relatively narrow gase 
ous jet of great penetrating force directed at the point 
to he perforated in the well bore lining. Shaped perfo_ 
rating charges normally depend substantially entirely 
upon the penetrating power of the narrow axially di 
rected gaseous jet to effect the desired degree of perfo 
ration. The vertically spaced shaped "capsule" charges 
are interconnected for detonation by a blasting cord. 
The blasting cord can he detonated by conventional 
means such as a blasting cap and an electrical power 
means. 

Another type of charge used in perforating apparatus 
is a bullet gun. A bullet gun employs a projectile such 
as a steel ball within a torpedo shell for penetrating the 
charge receptacle wall and the bore-hole casing. An ex 
ample of this type of charge is found in the Klotz. U.S. 
Pat. No. 2.779.278. 

Perforating apparatus may be operated in wells 
which are filled with hydraulic ?uids and for this reason 
the charges are enclosed in a fluid-tight receptacle. 
Seep-age of ?uid into the charge receptacles will cause 
misfires and other undesirable damage. The "capsule" 
charges are fastened in a desired location within the 
charge receptacle by a suitable fastening means and the 
thin metal capsule charge receptacle. is positioned 
within the bore hole. 
The tubular perforating apparatus used to complete 

the evacuation of ?uid from the area surrounding the 
bore hole are generally classified as expendable and 
non-expendable. Nonexpendable perforating apparatus 
generally has a heavy walled cylindrical housing or re 
ceptacle having radially directed ports through which 
shaped charges can be repeatedly detonated. The ports 
are sealed after insertion of the shaped charges as by a 
sealing disc or cap to make the charge receptacle ?uid 
tight. 
With the expendable type of perforating apparatus, 

the casing collar or charge receptacle is damaged to an 
irreparable degree when the capsule charges are deto 
nated. This invention is directed to expendable perfo 
rating apparatus. The following U.S. Pat. Nos. disclose 
\arious non-expendable perforaters: 2.655.619: 
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2.662.474‘. 2.734.456; 2.750.885; 
2,782.7!5; 2.785.631; and 2,953.97]. 

In one prior art form ofexpenclable perforating appa 
ratus. the tubular charge receptacle has not been ma‘ 
chined and has uniform wall thickness. When the 
charges are detonated. the tubular carrier is substan 
tially blown outward by the charges and the tubular re 
ceptacle may be completely shattered. This type of ex~ 
pendablc perforating apparatus leaves substantial un 
desirable debris within the well casing. . 

In another prior art type of expendable perforating 
apparatus. the tubular casing is blown away at wall lo 
cations opposite the capsule charges. With this perfo 
rating apparatus. a burr - an irregular portion of the 
charge receptacle wall protruding outwardly from its 
original diameter - develops in the casing where the 
casing has been penetrated by explosive pressures. Burr 
formation. either on the charge receptacle surface or 
on the well-bore casing. causes difficulties in removing 
the perforating apparatus from the bore-hole and in 
other subsequent operations in the well bore. There 
have been a number of proposals for solving these two 
major problems oft l ) debris in the well casing and (2) 
the formation of a burr in the charge receptacle after 
detonation. 

It has been suggested that a groove or cutout portion 
be formed in the outer diameter of the tubular charge 
carrier to reduce the wall thickness at the locations op 
posite the shaped charges. ln this manner, there is less 
tubular charge receptacle wall penetrated by the explo 
sive pressures and therefore less debris in the cased 
bore-hole. Machining of the charge receptacle wall has 
also been used to prevent the burr formed from the ex 
plosive pressure from protruding beyond the maximum 
outer diameter of the tubular charge receptacle. The 
following U.S. Pat. Nos. teach machining ofthe tubular 
charge receptacle at locations corresponding to the po 
sitioning of the charges within the carrier: Lebourg 
3.()48,|()2; Christopher-3.128.702; and Shore 
3.429.384. 
A primary object of the present invention is to pro 

vide a perforating apparatus characterized by the ab 
sence of a burr on the charge receptacle and well cas 
ing and by the elimination of debris in the well casing. 
Other objects are to provide a perforating apparatus 
having a tubular charge receptacle with a machined 
outer wall surface so that detonation causes a de?ned 
portion of the tubular wall to be sheared away without 
leaving a burr; and to provide a perforating apparatus 
using part ofa charge receptacle wall as a projectile for 
penetrating a well bore hole easing. 

ln brief. the above and other objects and advantages 
of the present invention are achieved through the pro 
vision of a charge receptacle having an annular groove 
in its outer wall surface so that the wall thickness at the 
groove is less than the wall thickness of the wall portion 
surrounded by the annular groove. Within the charge 
receptacle an explosive charge is positioned opposite 
the wall portion surrounded by the annular groove. 
Upon detonation of the charge. explosive pressures 
shear the receptacle wall at the groove and form a 
clean. burr-free aperture. and drive the sheared wall 
portion outwardly through the well casing. The perfo~ 
rating apparatus ofthe present invention leaves little or 
no debris within the well casing since the portion of the 
tubular wall sheared away is destroyed and/or ejected 
upon penetration of the well bore casing. The perforat 

2.76l.383: 
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ing apparatus of the present invention is easily and 
cheaply manufactured by simply providing an annular 
groove or ring notch in the outer wall of the tubular 
charge carrier. 
The invention together with the above and other ob 

jccts and advantages may be best understood from con 
sideration of the following detailed description of an 
illustrative embodiment of the invention shown in the 
accompanying drawing wherein: 

FlGv l is a fragmentary cross sectional view of a per 
forating apparatus constructed in accordance with the 
present invention and positioned within a well casing; 

FIG. 2 is an enlarged fragmentary view of the tubular 
charge carrier or charge receptacle of the apparatus of 
FIG. 1; 
H6. 3 is a cross sectional view of the tubular charge 

carrier taken along the line 3——3 of FIG. 2; and 
FIG. 4 is a view similar to FIG. 3 illustrating the 

charge carrier after detonation of a shaped charge. 
Referring now to the drawings, and initially to FIG. 

1. there is illustrated perforating apparatus embodying 
the principles of the present invention and designated 
as a whole by the reference numeral 10. Apparatus 10 
is provided with a tubular charge carrier of novel eon— 
figuration and generally designated by the reference 
numeral 1]. The apparatus 10 is lowered into the well 
in accordance with conventional practice for the pur 
pose of perforating a well casing 12 so that oil, gas, 
water or other ?uid within the surrounding earth for 
mation 14 can enter the well bore 16 and be raised to 
the surface either by pressure existing in the earth for 
mation or by pumping. A positioning device (not 
shown) such as that shown in U.S. Pat. No. 3,338.3]? 
or that shown in U.S. Pat. No. 3.l l(l,257 may be em— 
ployed to position the perforating apparatus 10 within 
the casing 12. 
One or more shaped or capsule charges 18 are posi 

tioned within the tubular charge carrier 11. The 
charges [8 are spaced vertically from one another and 
are connected for detonation by an igniting means 20 
such as. for example. a conventional primacord. A det 
onator or blasting cap (not shown) for the primacord 
can be connected as by an electrical cable so that the 
firing of the charges [8 may be electrically initiated at 
the surface. The shaped charges 18 may be of any con 
ventional type. such as those described in U.S. Pat. 
Nos. to Christopher-3.128J02; Sweetman-l734.45b 
or Lebourg-3,(l4ls,l(l2. 

In accordance with the present invention, the wall of 
the tubular charge carrier I] immediately in front of 
each shaped charge 18 is provided with a groove 24 
best seen in FlGS. 2 and 3. A thin wall 26 underlies the 
groove 24 and surrounds a thicker central wall portion 
28. Since generally cylindrical charges 18 are normally 
used. the groove 25 is preferably circular. The diameter 
of the groove 24 is preferably equal to or larger than 
the diameter of the axially directed gaseous jet stream 
resulting from detonation ofthe shaped charge 18. lt is 
preferred to machine the groove to a substantial depth. 
for example, approximately half of the receptacle wall 
thickness. The bottom of the machine groove 24 (the 
top of the thin wall portion 26) can be flat, but a flat 
surface is not necessary. For example. a V-notch or 
other configuration can be provided. The shaped 
charges 18 should be positioned centrally of the rela 
tively thick wall portions 28 so that the narrow axially 
directed gaseous jet stream created by the detonation 

4 
of the shaped charges will create a substantially con 
centric force on the inner surface of wall portion 28. 
The explosive pressure against the inner surface of 

wall portion 28 causes wall portion 28 to be sheared 
S away from the tubular charge carrier ll in a pattern 

1 

corresponding to the annular groove 24. As best shown 
in FIG. 4. the resulting aperture 30 in the shaped 
charge carrier ll does not have an irregular outward 
protrusion or burr. Further, the sheared away wall por 

(' tion 28 functions as a projectile and strikes the inner 
surface of the bore hole casing [2 thereby creating a 
perforation in casing 12 of a size and shape correspond 
ing to the size and shape of the severed wall portion 28. 
It has been found that the severed wall portion 28 

'5 leaves no irregular protrusion on the inner surface of 
the wall casing 12 and is therefore more desirable for 
penetrating the casing than the use of explosive gas 
pressure only. Moreover‘ due to the fact that wall por 
tion 28 is cleanly sheared and driven into the well cas' 
ing. the problem of debris within the casing 12 is mini 
mized. 
Although the present invention has been described 

by reference to several embodiments thereof, it will be 
apparent that numerous other modifications and em 
bodiments will be devised by those skilled in the art 
which fall within the true spirit and scope of the present 
invention. 
What is claimed as new and desired to be secured by 

S 
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I. Perforating apparatus comprising: 
a charge carrier having a shaped charge carried 

therein, said carrier having in an outer wall surface 
thereof a groove defining a thin wall area. ‘said 
groove surrounding a thicker wall area. said sur 
rounded thicker wall area having a thickness 
greater than the thickness of said thin wall area 
over substantially the entire surrounded area. 

2. Perforating apparatus as defined by claim I 
wherein the thin wall area defined by the groove is ap 
proximately half the thickness of the carrier wall por 
tion surrounded by the groove. 

3. Perforating apparatus as defined by claim I further 
comprising: 

the shaped charge is mounted within the charge car 
rier and positioned substantially centrally of the re 
ceptacle wall portion surrounded by said groove. 

4. Perforating apparatus as defined by claim 1 
wherein the lowermost points along the bottom of the 
groove define an annular ring. 

5. Perforating apparatus as defined by claim 1 
wherein the charge carrier is a tubular cylindrical mem 
her. 

6. Perforating apparatus as defined by claim 5 
wherein said groove is annular, and wherein the bottom 
of the annular groove lies in substantially a flat plane. 
said plane being generally parallel to the longitudinal 
axis of the charge carrier‘ 

7. A perforating charge receptacle adapted to receive 
shaped charges comprising: 

a tubular member having a shaped charge carried 

5 

5 

( 

therein and having in an outer wall surface thereof 
an annular groove defining an annular receptacle 
wall portion having a thickness less than the thick» 
ness ofthe receptacle wall surrounded by the annu~ 
lar groove over substantially the entire surrounded 
area. 
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8. A perforating charge receptacle as de?ned by 
claim 7 wherein the thinner annular receptacle wall 
portion defined by the annular groove is approximately 
half the thickness of the receptacle wall portion sur 
rounded by the annular groove. 

9. Perforating apparatus comprising in combination: 
a charge carrier having a wall formed as an integral 
body; 

a shaped charge mounted adjacent said wall for deto 
nation along a predetermined path through said 
wall; 

and the improvement comprising a continuous 

6 
groove in said wall defining a thin wall area. said 
groove surrounding a thicker wall area, said sur 
rounded thicker wall area having a thickness 
greater than the thickness of said thin wall area 
over substantially the entire surrounded area. 

I0. Perforating apparatus as defined by claim 9 in 
cluding a plurality of shaped charges and a plurality of 
continuous grooves carried by said charge carrier each 

m shaped charge disposed adjacent one of said grooves in 
said wall. 
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