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Our invention relates in general to well perforating ap 
paratus, especially to perforating apparatus of the ex 
pendable jet, or shaped charge type. In particular, our in 
vention relates to improved blasting cord (often known 
to the trade as Primacord) retaining means for shaped 
charge unit bodies, and to methods for constructing same. 

After completion of the drilling of a well, it is custom 
ary to perforate the casing (and the cement which sur 
rounds the casing) in several places adjacent the produc 
tion zone. One of the most common perforating apparatus 
is the so-called expendable jet or shaped charge type. 
Since it is desirable to utilize a number of perforations, 
individual shaped charge units are arranged in a group, 
being secured to each other in one of a variety of well 
known manners to make up a shaped charge gun. The 
shaped charge units are normally electrically actuated 
from the surface of the ground via conductor means, a 
detonator, and blasting cord. The Primacord extends from 
the detonator to each unit body so that a sequential ?r 
ing results. 
Commonly, each charge unit body is fabricated of ma 

terials such as cast aluminum, which have a ?uid im 
pervious outer skin and a pervious inner region. Cast 
aluminum, and other metals which are molded while hot, 
have a ?uid pervious inner region since porosity is a com 
mon characteristic of the casting process. The ?uid im 
pervious outer skin results from the reaction of the cold 
die or mold as it engages the hot metal. This impervious 
skin prevents the drilling ?uid with its accompanying 
moisture from entering the shaped charge unit via the 
pervious inner region and causing a .mis?re of the shaped 
charge. If the outer skin is broken, a weeping condition 
may occur in the inner region; that is, moisture may weep 
through the inner region and dampen the charge. The 
prior art devices with which ‘We are familiar have blasting 
cord retainers attached to each unit body in a manner 
such that the impervious outer skin of either the unit 
body or the retainer is broken during the manufacture 
or the assembly of these parts. Moreover, even when the 
blasting cord retainer is formed integrally with the unit 
body, a machining operation is required, and this opera~ 
tion of course ruptures the outer skin. 

Although cast pieces have inner as well as an outer 
impervious skin, it is only the outer skin that effectively 
prevents weeping. Fluid pressures in well bores com 
monly reach 10,000 psi or greater. Such pressures will 
not rupture the outer skin since this skin is well supported 
by the inner regions of the shaped charged unit body. The 
inner skin, however, is essentially unsupported and will 
easily rupture under the in?uence of great pressure dif 
ferentials (the pressure inside the hollow body is ap 
proximately atmospheric). Thus, it is highly desirable 
that the outer skin be undamaged since the inner skin 
will not prevent moisture from reaching the shaped 
charge. 

Prior art blasting cord retainers frequently have sharp 
corners or edges which increase the possibility of damag 
ing the blasting cord during or after assembly in the re 
tainer. It is apparent that if a blasting cord has a damaged 
surface, moisture may enter therethrough and frequently 
cause a mis?re. Therefore, it is bene?cial for blasting 
cord retainers to have rounded corners and edges so as 
not to damage the blasting cord. 
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The general object of our invention is to provide an 

improved blasting cord retaining means for well perfora 
tor shaped charge units and a method for making same. 
Another object is to provide a method for construct 

ing a blasting cord retainer on a shaped charge unit 
body having a ?uid pervious inner region and an imper 
vious skin without damaging the surfaces of the body. 

Another object is to provide a blasting cord retainer 
formed by a method which does not produce sharp cor 
ners or edges on the retainer. 

These and other objects are effected by our invention 
as will be apparent from the following description taken 
in accordance with the accompanying drawing, forming a 
part of this application, in which: 

FIG. 1 is a perspective view of a typical shaped charge 
unit, including a blasting cord retainer constructed in ac 
cordance with the principles of our invention; 

FIG. 2 is an elevational view of the rear of the shaped 
charge unit of FIG. 1; 

FIG. 3 is a fragmentary elevational view of the re 
tainer portion of the shaped charge unit of FIG. 1, show 
ing an intermediate structure prior to ultimate con?gura 
tion thereof; and 

FIG. 4 is a view, similar to FIG. 3, showing the 
ultimate con?guration of the blasting cord retainer. 

Referring now to the drawing, FIG. 1 illustrates a 
typical shaped charge unit 11 which includes a charge 
unit ‘body 13, a charge unit body cap 15, and upper and 
lower coupling links (shown as fragments) designated 
17, 19 respectively. 
The term “charge unit body” refers to that portion of 

the shaped charge unit which supports the blasting cord 
retainer. This is normally the part designated by numeral 
11, but in some instances the cap 15 supports the retainer 
and thus it becomes the charge unit body. However, the 
cap end of the charge unit 11 is normally referred to as 
the front end and the opposite end, which is shown clearly 
in FIG. 1, as the rear end. The rear end of the charge 
unit body 13 has a frusto-conical end wall 21. The ribs 
23, 25 are integrally molded or cast on charge unit body 
13 and are disposed so that their mutually opposed sub 
stantially parallel inner walls 30, 32 diverge at a slight 
angle with respect to the vertical axis of the charge unit 
body 13, as shown in FIG. 3. It will be noticed also from 
it merges with the end wall 21. Each rib'23, 25 pref 
tapered shape in transverse cross section; that is, each 
rib is slightly thinner at the top than at the bottom where 
it merges with the end wall 21. Each ribs 23, 25 pref 
erably has an integrally formed, oval-shaped protrusion 
or boss designated respectively 27 or 29, which protrudes 
outwardly from the top of the rib and slightly inwardly 
therefrom. The opposing side walls 31,. 33 (see FIG. 3) 
of the bosses 27, 29‘ are substantially parallel. 

Initially, the hoses 27, 29 are disposed as shown in 
FIG. 3, and because the side walls 31, 33 are substantial 
ly parallel, they will not retain the blasting cord 35 there 
between. However, we have found that the ribs 23, 25 
and bosses 27, 29 may be formed to a con?guration that 
will effectively retain the blasting cord. This is accom 
plished by deforming the bosses 27, 29 by means of a 
suitable tool, generally a die. 
One operating end of the forming instrument 37 of 

FIG. 3 is approximately as long as the bosses and ap 
proximately as wide as the distance between the outside 
walls of the ribs 23, 25. In the end thereof is a form 
ing channel 39 which has side walls 41, 43 that merge 
into a substantially ?at surface by means of ?llets 47, 
49. FIG. 3 shows the ribs 23, 25 in the initial stage, 
prior to engagement with the forming instrument 37. 
To form a blasting cord retainer, the forming instru 

ment 3'7 is positioned as shown in FIG. 3, with the side 
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walls 41, 43 in contact with the outer top edge of the 
ribs 23, 25. The forming instrument 37 may now be 
forced downward relative to the ribs 23, 25 in any suit 
able manner. One such manner is to actuate the forming 
instrument by means of an ordinary punch press. Another 
manner is to actuate the forming instrument in a hy 
draulically operated press mechanism. 

In'a typical embodiment, the forming instrument 37 
moves downward about 1/32 inch. While the forming in 
strument is moving downward through this distance, two 
principal effects are produced: (1) the forming tool 
sidewalls 41, 43 engage the oppositely facing outer walls 
22, 24 of the ribs and urge the side walls 31, 33 of the 
bosses 27, 29 inwardly toward each other, and (2) the 
bottom surface 45 of said instrument engages the pro 
truding top surfaces of the bosses and forces the ma-. 
terial thereof downwardly and inwardly. Thus, the net 
effect of these reactions is to change the cross sectional 
shape of the groove 34 between the walls 31, 33 from 
its initial rectangular shape (see FIG. 3) to a generally 
trapezoidal shape, as shown in FIG. 4. Furthermore, it 
should be noted that the top and bottom longitudinal 
edges 44, 46 of the groove 34, which are rounded initial 
ly (see FIG. 3), remain rounded during and after the 
deforming of the protruding top bossing material (see 
FIG. 4). In a typical instance the resulting trapezoidal 
shaped. groove will be about 152 inch narrower at the 
top than at the bottom. 

While in a preferred embodiment the bosses 27, 29 
are shown as having an oval-shape, it should be under 
stood that other shapes may be used if preferred. 

In the preferred embodiment shown in FIG. 3, the 
ribs 23, 25 have tapering walls 30, 32 and the channel 
29 of the forming instrument 37 has substantially parallel 
walls 41, 43. It should be understood, however, that the 
walls 30, 32 of the ribs may, if preferred, be substantially 
parallel and the walls 41, 43 of the channel may con 
verge or taper toward the bottom surface 45. As men 
tioned previously, one of the desired effects of using the 
forming instrument is to cause the ribs to converge slight~ 
ly toward each other at the upper edges thereof, and 
this may be achieved with any appropriate instrument of 
any suitable shape. 
From the foregoing, it will be apparent that our 

method of forming a satisfactory blasting cord retainer 
is remarkably simple, economical and effective. 
Another advantage of our invention is that the skin 

of the blasting cord holding and retaing groove is 
not broken. Consequently, a weeping condition in the 
charge body interior is avoided. Such a weeping condi 
tion generally obtains as a result of breaking the skin 
of the charge body which exposes the relatively porous in 
terior thereof. In such an event, moisture weeps through 
the skin into the inside of the body and frequently causes 
a mis?ring of the unit. Such weeping, of course, is par 
ticularly critical in the ignition end of the charge unit, 
i.e. at the area where the blasing cord engages the unit. 
Another advantage of our method is that sharp corners 

or edges are eliminated, thus reducing the possibility of 
chafing the blasting cord. It is recognized that prior art 
procedures do tend to leave sharp corners and edges 
which chafe the blasting cord to such an extent that 
moisture enters the blasting cord. This condition fre 
quently results in a mis?ring of the charge unit. But, as 
mentioned previously, the method of the present inven 
tion does not destroy the initially rounded corners and 
edges, and, consequently, there is no cha?ng of the blast 
ing cord or mis?ring of the charge unit. 

Another advantage of our invention is that our method 
of forming the blasting cord retaining groove produces 
‘adequate bearing surfaces on the top edge of the bosses. 
Some prior art arrangements do not provide a sufficient 
bearing surface at this location, and consequently, the 
inevitable rubbing of the charge body against the wall 
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of the tubing, casing, or bore hole produces a rapid wear 
ing of the groove wall material. Hence, the blasting cord 
is soon exposed and chafed. As mentioned previously, 
when the biasing cord is chafed, moisture enters therein 
and a mis?ring frequently results. 

While the method of the present invention is directed 
primarily to problems encountered with cast aluminum 
charge bodies, the principles of our invention are, of 
course, applicable to charge bodies made of other suit 
able materials. The method is particularly applicable to 
other materials which when cast or molded in a heated 
condition have an outer skin that is imprevious to mois 
ture, but which have a relatively porous interior struc 
ture; such other suitable materials, of course, are known 
to those skilled in the art. 
The foregoing disclosure and the showings made in 

the drawing are merely illustrative of the principles of 
this invention and are not to be interpreted in a limiting 
sense. 

We claim: 
1. The method of forming a Primacord retainer on a 

shaped charge unit body, said method comprising the 
steps of: 

(a) die-casting an aluminum shaped charge unit body 
which integrally includes a pair of spaced apart ribs 
extending outwardly therefrom, said ribs having mu 
tually opposed substantially parallel walls and op 
positely facing outer walls which mutually converge; 
and then 

(b) deforming said ribs to cause the mutually opposed 
walls thereof to converge toward each other at least 
near their outer extremities, with the deforming of 
said ribs being e?ected by a forming tool having a 
channel therein the walls of which engage said 
outer walls to exert a lateral deformative force on 
said ribs as said forming tool is forced downwardly 
against said ribs. . 

2. The invention as de?ned by claim 1 wherein said 
ribs have protrusions with mutually opposed surfaces 
which extend inwardly from the ribs and upper surfaces 
which extend outwardly beyond the ribs, and said form 
ing tool engages the outermost portions of the protrusions 
and exerts a downward deformative force against them 
in addition to said lateral deformative force. 

3. The method of forming a blasting cord retainer on 
a shaped charge unit body, said method comprising the 

' steps of: 
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(a) molding while in a heated condition a metallic 
shaped charge unit body which integrally includes 
a pair of spaced apart ribs extending outwardly there 
from, said ribs having protrusions with mutually op 
posed surfaces which extend inwardly from the ribs 
and upper surfaces which protrude outwardly beyond 
the ribs; and then 

(b) deforming at least the protrusions of said ribs to 
cause the opposed surfaces of the protrusions to con 
verge toward each other at least near their outer 
extremities. 

4. The method of forming a blasting cord retainer on 
a shaped charge unit body, said method comprising the 
steps of: 

(a) die-casting an aluminum shaped charge unit body 
which integrally includes a pair of spaced apart ribs 
extending outwardly therefrom, said ribs having pro 
trusions with mutually opposed surfaces which extend 
inwardly from the ribs and upper surfaces which ex 
tend outwardly beyond the ribs; and then 

(b) deforming at least the protrusions of said ribs to 
cause the mutually opposed surfaces of the protru 
sions to converge toward each other at least near 
their outer extremities. 

5. In an article of manufacture which is a shaped charge 
unit body of a well perforator, said body being formed of 
a material having a fluid pervious inner region, a ?uid im~ 
pervious skin, and a pair of spaced apart ribs which extend 
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integrally and outwardly from the body, the improvement References Cited 
comprising a pair of_ protrusions formed integrally _on UNITED STATES PATENTS 
said ribs, sa1d protrusions having opposed surfaces which 2 
extend inwardly from the ribs, and upper surfaces which gifi?giiiiiIZt-Z2 
protrude outwardly beyond the ribs, said protrusions being 5 
readily deformable to facilitate the subsequent formation 3’048’101 8/1962 Lebourg —————————— —- 175“4-6 
of a Primacord retainer. _ _ 

6. The invention as de?ned by claim 5 wherein said BENJAMIN A‘ BORCHELT’ Pr'mary Examiner‘ 
material is die-cast aluminum. V. R. PENDEGRASS, Assistant Examiner. 


