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This invention relates in general to well perforating and 
particularly to an improved form of gun adapted to‘ be 
run through tubing to perforate a well or casing at desired 
points below such tubing. 
The improved perforator gun has an array of shaped 

charges supported in a body retrievable intact from the 
borehole, with the charges positioned by means reduced to 
?ne particles upon ?ring. 

It has been conventional practice in the drilling of oil 
wells to drill ?rst an earth borehole of relatively large 
diameter, in which a liner or casing, or a number of con 
centric casings reaching to different depths, are ?xed 
permanently by suitable means such as cementing. After 
the casings have been properly positioned and set, perfo 
ratio‘n is accomplished at a predetermined level in the 
borehole to permit the entrance of oil from selected 
strata, following which a smaller tubing is introduced 
through the casings and set in the well at the desired 
depth. The well ?uid, entering through the previously 
made perforations, flows or is pumped out of the well, 
as the condition requires, through the smaller tubing. The 
perforating process usually has been accomplished either 
with the aid of a so-called gun perforator, utilizing pro— 
jectiles of the bullet type, or with a perforator device 
utilizing shaped explosive charges. It was formerly neces 
sary to perform such perforating operations prior to in 
sertion of the tubing, in the case of some wells, or to re 
move the tubing from the casing in the case of wells pre 
viously completed, in order to insert guns or perforator 
devices of adequate size and power. 
More recently, techniques and equipment have been de 

veloped for accomplishing the perforating operations after 
insertion of the tubing in the well, and while it remains 
in place therein. This latter procedure has become kno‘wn 
in the industry as a part of the technique called “thru 
tubing completion,” or “permanent well completion,” and 
may be accomplished either with suitable bullet perfora 
tors or with shaped charge devices. It is with improve 
ments in the construction and use of shaped charge de 
vices in connection with the art of thru-tubing comple 
tion operations that the present invention is principally 
concerned. 
The practical and economic advantages of completion 

through tubing are considered by some to be so sub 
stantial that this method of operation has been quite wide 
ly adopted in the industry. The saving in time and labor 
resulting from eliminating the steps of pulling the tubing 
out of the well before perforating, and reinserting it there 
after, are readily apparent. However, it will be obvious 
that the size of the gun used, and the size of the shaped 
charge or solid projectile, is limited by the inside di 
ameter of the tubing through which this equipment must 
be run. Vario‘us forms of guns have been used to secure 
the most effective penetration possible under such limit 
ing conditions. For example, units have been employed 
having rigid bodies con?ning the charges and directing 
them properly. These units have been made extremely 
strong in order to withstand the explosive effects, so that 
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the guns might be retrieved and reused. Guns of this 
type have not been uniformly successful, however, be 
cause it has been found impossible to prevent expansion 
and deformation such as to render them unusable after 
only a relatively short period of service. If made su?‘i 
ciently rigid to avoid this dif?culty, they have a tendency 
to blow up in the well and damage the casing. At the 
other extreme, guns have been used of the expendable 
type; that is, a minimum of supporting metal has been 
employed in order to permit carrying the largest possible 
explo’sive charge. These guns partially disintegrate at 
the time of ?ring, but troublesome fragments may be 
left. 

In either case, fragments remain in the well, and may 
interfere with subsequent operations, unless difficult and 
expensive cleanout operations such as ?shing or bailing 
are employed to remove the unwanted material before the 
well is ?nally completed. Efforts to produce a gun having 
su?‘icient rigidity to hold the charges in proper alignment 
for ready handling both at the surface and in the well 
bore, yet which would not leave undesired material in I 
the borehole after the charges have been ?red, have hither 
to been unsuccessful. 
The object of the invention is, therefore, primarily to 

provide improvements in the means for gun perforating 
through tubing in wells. 
Another object is to provide a thru-tubing perforating 

gun which may be reused repeatedly. 
A further object is to provide a form of perforating 

gun able to utilize the maximum size of shaped charges 
which can pass through a particular tubing and yet allow 
the gun to be retrievable for reuse. 
Another object is to‘ provide a gun capable of carrying 

a plurality of charges of maximum penetrating power 
but which will leave a minimum of debris in the hole. 
A related object is to provide a gun in which such ma 

terial as is left in the hole after ?ring is such as will not 
interfere with subsequent operations. 
The present invention as illustrated in the several em 

bodiments described hereafter, and which accomplished 
the foregoing objects, comprises perforator apparatus hav 
ing a plurality of shaped charges disposed in spaced array 
and supported by a retrievable gun body which may be 
removed intact from the hole after the charges have been 
?red. The shaped charge units are of maximum size and 
penetrating power, but disintegrate completely so that no 
objectionable debris remains. The gun body as shown 
in the several embodiments illustrated in the ?gures is so 
arranged as to provide adequate support to maintain 
the charges in proper alignment, and yet is constructed in 
a form which will not be shattered by the explosion of 
the charges, and which will be readily retrievable. 

In one embodiment the gun body is preferably con 
structed from round steel stock, with its upper end de?n 
ing a cable head for engagement with a suitable cable 
and associated equipment for suspending the gun in the 
well and ?ring the charges. The lower end of the gun 
body forms a conventional bull plug, and the cross 
section of the portion intermediate the ends takes the 
form of a segment of a circle. The charges are secured 
to the ?at side of the segmental intermediate portion by 
disintegrable straps. 

In another species of the invention the gun body is 
formed of high tensile strength members, which may be 
?exible steel cables. These cables are secured to the 
cable head, and hold together rigidly a plurality of shaped 
charges separated by spacers of a frangible material ex 
tremely strong in compression. A suitable material is 
the ceramic product commercially known by the trade 
name “Steatite,” which shatters to powder on the ?ring 
of the charges. 
In another form, similar spacers are used, with the 
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assembly held together by tension members consisting 
of strands of reinforced Primacord. These embodiments 
‘all have in common the characteristic that the frangible 
portions are reduced to ?ne particles by the explosion 
of the charges, and the large metal portions remain to 
gether thereafter and attached to the supporting means 
as a unit, so that no material is left in the hole to inter 
fere with subsequent operations. ‘In these assemblies 
the form of the spacers is such that they are self-locking 
about the supporting cables or Primacord. Hence no 
additional parts are required to maintain them in posi 
tion, once they have been put together. 

These and other objects, advantages and features of 
novelty will be apparent from a detailed study of the 
description hereinafter, together with the drawings, in 
which: 

Figure l is a side elevational view of a gun embodying 
the invention; 

Figure 2 is a cross-sectional view, taken as indicated 
by line 2—2 in Figure 1; 

Figures 3a and 3b, taken together, show in elevation 
an alternative embodiment of the perforator gun of the 
invention; . 

Figures 4a, 4b and 4c, taken together, show, par 
tially in longitudinal section and partially in elevation, 
additional details of construction of the embodiment of 
Figures 3a and 3b; 

Figure 5 is a fragmentary elevational'view of addi 
tional details of the embodiment of Figures 3a and 3b, 
the view being taken as indicated by line 5-5 in Fig 
ure 3b; 

Figure 6 is a cross-sectional view of the embodiment 
of Figures 3a,_3b and 5 taken as indicated by line 6—6 ' 
in Figure 5; 

Figure 7 is a fragmentary, longitudinal sectional view, 
taken as indicated by line 7-7-7 in Figure 6; 

Figure 8 isa view, partially in sectionttaken along 
the longitudinal axis of the upper portion of a gut] body, 
of another alternative embodiment of the invention in 
which the carrier cable is replaced by Primacord; 

Figure 9 is a bottom view of the embodiment of 
Figure 8, taken as indicated by line 9--9 in that ?gure; 

Figure 10. is a fragmentary view, partially in longitudi 
nal section, showing a modi?cation in the details of con 
struction of the embodiment of the invention shown in 
Figure 8, wherein the suspension means consists of a 
Primacord loop knotted at the upper end; and 

Figure 11 is a view similar to that of Figure 10. of 
another modi?cation of the embodiment shown in that 
?gure but in which the Primacord loop is knotted ‘at its 
lower end. 

yIt is to be understood that the invention is not limited 
to the precise form shown in the drawings, but may be 
embodied in a number of other equivalent forms. 

In the embodiment illustrated in Figure 1, the gun as 
sembly, generally indicated as 1, is seen in side elevation, 
with a cross-section taken as there indicated by the line 
2--2, depicted in Figure 2. The gun assembly 1 is pref 
erably vformed of a high strength material such as steel 
which can readily resist the stresses set up therein by 
the ?ring of the explosive material. The gun I is formed 
with a central body portion 2, the cross-section of which 
is a segment of a circle of radius substantially the same 
as that of the upper and lower end portions described 
hereinafter. At its lower end the body portion 2 merges 
into a bull plug portion 3, which is terminally rounded 
to de?ne a tip 4 adapted to guide the gun through the 
tubing. ‘At its upper end the body 2 merges’ into a head 
portion '5 of radius the same as that of central body 
portion 2. A cable head connection 6.is adapted to 
receive and make ?rm attachment with the supporting 
cable 7. Cable 7 includes an insulated electrical con 
ductor 8 which in turn makes connection to means dis 
posed in the cable head 5 for igniting the charges. Cable 
head '6' is so. shaped that it may be readily engaged by 
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4 
conventional grappling equipment if desired. The cen 
tral body portion 2 has an elongated ?at surface 9, along 
which are disposed, at suitable spacing intervals a num— 
ber of horizontally directed shaped charges 10. The 
charges 10 are held in position by means such as straps 
11 suitably secured to the flat side of the central body 
portion 2, and adjacent charges are shown as headed in 
opposite directions. While the charges have been illus— 
trated as being directed horizontally, it will be obvious 
that they might be mounted to ?re at other angles as 
well, and in azimuthal directions other than those illus 
trated in the ?gures. Straps 11 are made of relatively 
thin, frangible material adapted to disintegrate when the 
charges are fired. A detonating fuse 12 is associated 
cooperatively with each of the charges 10. 
The detonating fuse 12 may be that commercially known 

under the trademark “Primacord,” ‘a detonating cord con 
taining, for example, 100% of PETN or RDX. PETN is 
an abbreviation for the compound pentaerythrite tetrani 
trate. RDX may be, for example, 98% cyclonite and 
2% wax, cyclonite being an abbreviated term for the 
chemical compound cyclotrimethylene trinitramine. 
Other detonating means of similar properties may of course 
be used. The detonating fuse 12 is connected at its 
upper end to a conventional electric blasting or detonating 
cap 13 which is ?red by electric current transmitted from 
the surface of the earth, under the control of an oper 
ator, through the conductor 8 to cable head 5. 
Each of the individual shaped charges 10 has a cylin 

drical body portion 14 formed symmetrically about an 
axis of revolution, which in normal use will be supported 
horizontally in the well by the gun I. The cylindrical 
body 14 is formed of material such as diecast metal, with 
a tapered rear end closure 15 terminating in a central 
boss 16. The body must be formed of material of Sufi 
cient strength and density to withstand collapse under 
pressure and prevent in?ltration of well bore ?uid. Boss 
16 is formed with a transverse bore 17, substantially nor 
mal to the axis of revolution of the body, to receive the 
Primacord 12. The Primacord 12 is threaded through the 
bores 17 in ‘each of the charges 10‘ sequentially, and con 
nected as described above to the detonating cap 13. 
The forward end of each of the cylindrical body por 

tions 14_ is sealed by ‘a frangible cover '19‘, or equivalent 
means, to prevent the entrance of well bore ?uid. It'will 
be appreciated by those skilled in the art that well bore 
?uid must be kept out of the recessed portion of the 
shaped charge unit, since if foreign matter is present in 
this cavity, it may, upon detonation of the charge, inter 
fere with or prevent the formation of a jet. Hence the 
cover 19 is formed of ceramic or other frangible material 
su?iciently strong in compression to resist well pressure, 
but readily shattered by the explosion of the charge into 
?nely divided fragments. The cover ‘19 is so shaped as 
to provide an adequate standoff space ahead of the charge 
cavity for the proper formation of a jet, in accordance 
with principles well known in the art. 

Within the cylindrical body 14 is disposed the ex 
plosive charge 20, which is shaped or hollowed to form 
a recess or cavity 21 with such a con?guration as will 
produce the most e?icient jet for the desired purpose. A 
thin metal liner 22 formed preferably of copper, aluminum 
or the like, is shaped congruently with’the inner surface 
of the shaped charge cavity 21. The ‘liner 22 is applied 
snugly to that surface, and aids the jet in a manner well 
known to those familiar with shaped charges. A booster 
charge 24 is disposed adjacent the Primacord and in con 
tact with the central, rearmost part of the main explosive 
charge 20‘. _ 

With the embodiment shown in Figures 1 and 2, the 
central body portion 2 is suf?ciently strong to withstand 
the shock of vsimultaneously ?ring all of the shaped charges 
10. Since the body 2 does not attempt- to contain these 
charges, and is not in the direct line‘ of'?re, it is not 
shattered‘ by the explosion. The Primacord and the shaped 
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charge units 10 themselves disintegrate completely on 
?ring, as do the supporting straps \11. The gun body 2 
remains attached to the cable and thereby may be re 
moved from the borehole for successive reuses. 
The embodiment shown in Figures 3a to 7 has the fea 

tures mentioned above common to the several species of 
the invention, but accomplishes the result of leaving no 
debris in the hole by using a head portion and a strong, 
?exible steel cable to constitute the body. The body con 
nects the charges to the cable head either directly or 
through an adapter. A relatively rigid structure is ob 
tained by using a looped cable under tension to ?x a plu 
rality of shaped charges 10 in and between disintegrable 
spacers 30. The spacers 30 may be formed of Steatite 
or equivalent frangible ceramic material strong in com 
pression, but reducible to ?ne powder by the explosion of 
the charges. Figures 3a ‘and 3b are intended to be taken 
together to illustrate the gun generally denoted as 31. 
Figures 3 and 3b represent respectively the lower portions 
of the gun. The head portion 32 of gun 31 is arranged 
to be supported during running in and during removal 
by a conventional grappling or ?shing tool. Alternatively, 
the head might be modi?ed to permit detonation of the 
charges to be accomplished by a go-dev-il or similar device 
of conventional construction. 

In the embodiment of Figures 3a to 7, the gun 31 is 
‘ formed of steel or similar material in its upper portion, 
including an adapter 33 and the head 32 for engagement 
with running-in and retrieving tools. The lower portion, 
generally indicated at 34, comprises the beforementioned 
series of shaped charges 10 mounted in and separated by 
spacers 30, and secured together by the tension member, 
which may be a looped steel cable 35. Cable 35 is an 
chored in the upper body of gun 311 by means such as 
set screws 36, which may conveniently be of the Allen 
head type. The set screws 36 are tightened after the 
cable has been pulled taut in the side groves 37 formed 
in the spacers 30. 
Each of the spacers 30 has formed in the upper and 

lower ends thereof a main half-round cylindrical recess 
39 of radius such as to receive snugly the charge 10. In 
each of the spacers 30 a rear half-round recess 40 of 
lesser radius than the main recess 39 is provided. The 
angular face 43- connecting these recesses cooperates with 
the recesses 39 to de?ne a seat for the charge 10, and 
to prevent movement of the charge toward the rear re 
cesses 40. The rear recesses 40 of adjacent spacers cooper 
ate to receive the boss 16, with its interlaced Primacord 
12. The transverse dimensions of the recesses 39 and 
49 are so coordinated that no one of the charges 10 will 
extend beyond the outer surface of the gun body 34 on 
either side, and the Primacord 12 ‘assists in ?xing the 
position of the charges in their seats. 
A detonator fuse passage 41 extends diagonally through 

each spacer body to receive the Primacord 12. The sides 
of grooves 37 are formed in the body 30 of each spacer 
at an acute angle to radii thereof, and in assembly, adja 
cent spacers are aligned with their grooves 37 heading in 
opposite directions. This enables the outer lips 38 of the 
grooves 37 to partially enclose the cables 35 in overlap 
ping or interlocking fashion, as best shown in Figure 5, 
while at the same time the detonator passages 41 enable 
the detonating fuse element to be operatively disposed 
relative to each of the charges 10 in sequence. 
The detonating fuse itself'may be initiated by conven 

tional means for applying current through the contact 
pin 42 seen in detail in Figure 4a. The current then 
passes through a conductor 44, which in turn delivers 
it to a blasting cap 45. These elements are suitably in 
sulated from the body 31 and well bore ?uid, the latter 
elements acting either together or separately as the return 
circuit to the source of electric current. In operation, the 
blasting cap 45 detonates a booster 46, which in turn 
detonates the detonating ‘fuse 12, to ?re the charges 10 
substantially simultaneously. The lower end of the fuse 
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6 
12 is suitably sealed at ‘47, as shown in Figure 4c, to pre 
vent entry of well bore ?uid. Such a seal may be made, 
for example, by taping and impregnating the Primacord 
end with a sealing compound. 

It can be seen that each of the charges 10 will be 
detonated nearly simultaneously, perforating the well at 
the desired points, and reducing the spacers 30 to a ?ne 
powder which will not constitute objectionable debris. 
Thereafter the cable head 32 may be pulled from the 
well, taking with it all of the metal parts, including the 
steel cable. Because of the ?exibility of this cable, the 
possibility of difficulty in removal of the suspended parts 
is minimized. 
Due to the high compressive strength of the material 

of which the spacers 30 are made, it is possible to make 
up a string of 1%" outside diameter charges and spacers 
of the order of ?fteen feet in length, yet sufficiently rigid 
so that it may be carried by the operator without buck 
ling. This rigidity is a great practical convenience in 
operation, and yet it is obtained with structure which 
does not leave any material in the well of an objection 
able nature. 
Another embodiment, with several varying details of 

construction, is shown in Figures 8-11. Here the steel 
cable is omitted, and the charges and spacers are held 
together by a tension member consisting of a loop of 
the detonating fuse 50. This loop is also used, to 
gether with the usual detonating {fuse 12, for detonation 
purposes. The upper ends of the supporting loop of the 
fuse 50 and the upper end of the fuse 12, are all con 
nected together at a joint 51 to permit imitation by a 
detonating cap 45. The joint 51 is suitably sealed against 
the effects of well bore ?uid. The supporting fuse cord 
loop 50 is secured in place, after the cords have been 
drawn up tightly, by set screw means 36 similar to those 
shown in Figure 4b. Detonation of the fuse cord ele 
ments 12 and 50 will be initiated simultaneously, but the 
rapidity with which the detonating wave travels along 
the cord is such as to insure that complete initiation of 
all the charges will occur before the assembly has been 
blown apart. In these ?gures the head portion is not 
shown, but that of Figures 4a and 4b may be used, so 
that the upper portion 31 of the gun body may be removed 
intact vfrom the borehole. There will be no material 
in addition thereto which requires removal. 
An alternative constructional detail for use with the 

embodiment of Figure 8 is seen in Figure 10. Here the 
fuse cord loop 55 is not joined directly to the initiating 
fuse 12, but is merely held closely adjacent thereto in 
the body 31 by tying a stevedore’s knot 56, or the equiva 
lent, in each of the upper ends of the fuse cord itself. 
With the more sensitive varieties of Primacord, such as 
PETN, a detonation wave will be initiated in each side 
of the fuse cord loop 55 by shock waves from the cord 
12, assisted by the detonation of the successive shaped 
charges-10. Here again, the velocity of the detonation 
wave in the fuse cord is such that complete initiation of 
all the shaped charges will occur nearly simultaneously 
and before the lower charges and spacers can drop or be 
blown away a perceptible distance from the upper ones. 
In this ?gure another constructional detail contributing 
to ease and speed of assembly in the ?eld has been illus 
trated. A tapering helical guide spring 57 is disposed 
about the lower end of booster section 59. This spring 
assists in guiding the upper end of the ‘fuse cord section 
12 into intimate contact with the booster, and urges it 
resiliently thereagainst, so that the taped or oherwise 
sealed joint shown at 51 in Figure 8 embodiment need 
not be used. If desired, however, after the advantages 
of speed in assembly have been utilized, the joint may 
be sealed or wrapped over the spring member. 
Another alternative detail of construction for the upper 

portion of the embodiment of Figures 8-10 is shown in 
Figure 11. Here the fuse cord loop 59a is continuous at 
its upper portion 60 and the lower ends are joined as by 



r 2,980,686 
, 7 _ 

a conventional square knot 61 to maintain the assembly 
intact until ?ring. _ 

It is contemplated that the shape of the spacers vmay 
also be so modi?ed as to direct the charges in other de 
sired orientation patterns as for example, ‘all in the same 
direction, or in other azimuthal arrays. 

It will be seen from the description above that im 
proved means particularly effe'ctive with shaped charges 
have been presented for accomplishing thru-tubing perfo~ 
ration. 
What is claimed is: 
1. In apparatus for perforating wells, the combination 

comprising: a plurality of separate, generally cylindrical 
spacer members, said spacer members having substan 
tially equal diameters and being positioned in coaxial 
alignment, adjacent spacer members having opposed end 
faces abutting each other, said spacer members providing 
a pair of laterally spaced, longitudinal passages extending 
therethrough, said passages being on opposite sides of 
the axis of said spacer members; a pair of ?exible tension 
members, one being received in each of said passages and 
engaging the end of the terminal spacer member; a head 
member coaxially aligned with and abutting the spacer 
member at one end of said plurality; means on said head 
member for securing said tension members to said head 
member and under tension to exert compression on the 
spacer members embraced between said headmember 
and the terminal spacer member, whereby to provide a 
substantially rigid assembly; said spacer members provid 
ing a plurality of laterally disposed, perforating unit re 
ceiving recesses longitudinally spaced therealong; shaped 
explosive charge perforating units, one mounted in each 
said recess to direct its perforating jet laterally from the 
apparatus; means for ?ring said perforating units; said 
spacer members being of frangible material reducible to 
?ne powder by the explosion of the. charge units; and 
means for lowering the apparatus into a well. 

2. In apparatus for perforating wells, the combination 
comprising: a plurality of separate, generally cylindrical 
spacer members, said spacer members having substan 
tially equal diameters and being positioned in coaxial 
alignment, adjacent spacer members having opposed end 
faces abutting each other, said spacer members providing 
a pair of laterally spaced, longitudinal passagestextend 
ing therethrough, said passages being on opposite sides 
of the axis of said spacer members; a pair of flexible 
cable members, one being received in each of said pas~ 
sages and engaging the end of the terminal spacer mem 
ber; a head member coaxially aligned with and abutting 
the spacer member at one end of said plurality; means 
on said head member for securing said ?exible cable mem 
bers to said head member and under tension to exert 
compression on the spacer members embraced between 
said head member and the terminal spacer member, 
whereby to provide a substantially rigid assembly; said 
spacer members providing a plurality of laterally dis-v 
posed, perforating unit receiving recesses longitudinally 
spaced therealong, each said recess being formed by op 
posed cavities provided in the abutting faces of adjacent 
spacer members; shaped explosive charge perforating 
units, one mounted in each said recess to direct its per 
forating jet laterally from the apparatus; means for ?ring 
said perforating units; said spacer members being of 
frangible material reducible to ?ne powder by the ex 
plosion of the charge units; and means for lowering the 
apparatus into a well. 

3. In apparatus for perforating wells, the combination 
comprising: a plurality of separate, generally cylindrical 
spacer members, said spacer members having substan 
tially equal diameters and being positioned in coaxialv 
alignment, adjacent spacer members having opposed end 
faces abutting each other, said spacer members :providing' 
a pair of laterally spaced, longitudinal passages extend" 
ing therethrough, saidpassages being on opposite sides‘ 
of the axis of said spacer members; a pair of ?exible cable 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

70 

75 

V 8 

members, one being received in each of said passages 
and engaging‘ the end of the terminal spacer member; a 
head ‘member coaxially aligned with and- abutting the 
spacer member at one end of said plurality; means on 
said head member for securing said ?exible cable mem 
bers to said head member and under tension to exert 
Compression on the spacer members embraced between 
said head member and the terminal spacer member, 
whereby to provide a substantially rigid assembly; said 
spacer members providing a plurality of laterally dis 
posed, perforating unit receiving recesses longitudinally 
spaced therealong, each ‘said recess being formed by op~ 
posed' cavities provided in the abutting faces of adjacent 
spacer members‘; shaped explosive charge perforating 
units, one mounted in each said recess to direct its perfo 
rating jet laterally from the apparatus; means for ?ring 
said perforating units, said ‘?ring means including longi 
tudinal ‘detonator fuse passage means in said spacer mem 
bers, a ‘length of detonator ‘fuse in said passage means 
arranged in ?ring relation to said perforating units, and 
means for initiating said detonator fuse; said spacer 
members being 'of frangible 'material reducible to ?ne 
powder by the 'explosion'of the charge units; and means 
for lowering the apparatus into a well. 

4. In apparatus for perforating wells, the combination 
comprising: a generally cylindrical head member for con 
nection with means for running the apparatus into a well; 
a plurality of separate, generally cylindrical spacer mem 
bers, ‘said spacer members having substantially equal di 
amet'ers and being positioned in coaxial alignment with 
said head member, one of said spacer members having 
an ‘end face abutting an opposed end face of said head 
member, adjacent ‘spacer members having opposed end 
faces abutting each other, said spacer members provid 
ing a pair of laterally spaced, longitudinal grooves extend 
ing therealong, said grooves being on diametrically 0p 
posite sides of said spacer members; a loop of ?exible 
steel cable, one end of said loop extending through one of 
said grooves and the other end of said loop extending 
through the other ofsaid grooves, the ends of said cable 
extending into said ‘head member; means anchoring the 
ends of said cable in said head member under tension 
thereby applying the tension force of said cable to said 
head member and-to the distal spacer member of said 
plurality of spacer members to exert compression on the 
spacer members embraced between said head member 
and said distal ‘spacer member to provide a substantially 
rigid assembly; said spacer members providing a plu 
rality of laterally disposed, perforating unit receiving re 
cesses longitudinally spaced therealong, each said recess 
being formed by opposed cavities provided in the abutting 
faces'of adjacent spacer members; shaped explosive charge 
perforating units, one mounted in each said recess to 
direct its perforating jet laterally from the apparatus; 
and means for ?ring said perforating units, said ?ring 
means including longitudinal detonator fuse passage means 
in said spacer members, a length of detonator fuse in 
said passage means arranged in ?ring relation to said 
perforating units, an end of said fuse extending into said 
head member, and an electric blasting cap in said head 
member in initiating relation to said end of said fuse; 
said spacer members being of frangible ceramic material 
reducible to ?ne powder by the explosion of'the charge 
units. 

5. Inv apparatus for perforating wells, the combination 
comprising: a plurality of separate, generally cylindrical 
spacer members, said spacer members having substantially 
equal diameters and being positioned in coaxial align 
ment, adjacent spacer members having opposed end faces 
abutting each other, said spacer members providing a 
pair of laterally spaced, longitudinal passages extending 
therethrough, said passages being on opposite sides of 
the axis of said spacer members; a pair of ?exible deto 
nating, fuse cord members, one being received in each 
of said passages and engaging the end of the terminal 
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spacer member; a head member coaxially aligned with 
and abutting the spacer member at one end of said plu 
rality; means on said head member for securing said 
detonating fuse cord members to said head member and 
under tension to exert compression on the spacer mem 
bers embraced between said head member and the ter 
minal spacer member, whereby to provide a substantially 
rigid assembly; said spacer members providing a plu 
rality of laterally ‘disposed, perforating unit receiving re 
cesses longitudinally spaced therealong, each said recess 
being formed by opposed cavities provided in the abutting 
faces of adjacent spacer members; shaped explosive 
charge perforating units, one mounted in each said recess 
to direct its perforating jet laterally from the apparatus; 
means for ?ring said perforating units, said ?ring means 
including longitudinal detonator fuse passage means in 
said spacer members and a length of detonator fuse in 
said passage means arranged in ?ring relation to said 

5 

10 
perforaing units; means for initiating said detonating fuse 
cord members and said detonator fuse; said spacer mem 
bers being of frangible material reducible to ?ne powder 
by the explosion of said detonating fuse cord members, 
detonating fuse and charge units; and means for lowering 
the apparatus into a well. 
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