
W. G. SWEETMAN 

PERFORATING DEVICE FOR WELLs 
Feb. 23, 1954 2,669,928 

2. Sheets-Sheet l Filed June 15, 1948 

W. G. SWEETMAN 
INVENTOR, 

F.G. 3 +tr-º gae, 
BY . FIG.2 

ATORNEY 

  

  

  

  

  

  

  



Feb. 23, 1954 W. G. SWEETMAN 2,669,928 
PERFORATING DEVICE FOR WELLS 

Filed June 15, 1948 2 Sheets-Sheet 2 

SN zyzzzzzz! 3. 
y 

ZZZZZZZ 

58 

R 
13 - NEis 

NK ..S. p 
8, s: lies 63 , is-IO 

NZS V K zzzzzz7 s 
ss- 62 i?, 14:1-3 

3. 34 it. K Y 54N2: N \sity-36 
53. sa zaz 

S-5 : ...'. 
.. a . 

S-4O 641 vs 
N 

.. FIG. 5 

W.G. SWEETMAN 
INVENTOR. 

BY 

(fuel-e- 
ATTORNEY 

  

  

  

  

    

  

    

  



Patented Feb. 23, 1954 . . . . 2,669,928 

UNITED STATES PATENT OFFICE 
2,669,928 

PERFORATING DEVICE FOR, WELLS 

William G. Sweetman, Houston, Tex. 
Application June 15, 1948, Serial No. 33,062 

(C. 102-20) 2 Claims. 

This invention relates to a perforating device 
for use in perforating well casings, especially in 
oil and gas wells. 
Conventional perforating methogs employ 

various forms of heavy metal guns Which are 
arranged to fire projectiles through the casing 
into the Surrounding formations for providing 
acceSS passageways from the formations into the 
well casing for production of oil and gas. Due 
to Space limitations and other conditions en 
countered particularly in deep wells, the effec 
tiveness of such present gun perforating methods 
is considerably limited and present bullet-type 
guns are sometimes totally ineffective for pene 
trating Well casings as well as the often thick 
layer of cement which is generally interposed be 
tWeen the casing and the face of the formations 
lining the well bore. 
More recently, in an effort to overcome the dis 

advantages of the conventional gun perforation 
methods, particularly to provide greater pene 
trative force, there has been proposed the em 
ployment of charges of detonating explosives 
having hollowed ends facing the casing to be 
perforated. By thus employing the so-called 
"cavity' effect, perforation of the casing and 
the Surrounding cement may be effected with or 
without the use of a projectile and greater per 
forating effectiveness may be obtained from such 
charges than is possible with the more conven 
tional bullet-type gun. 
As presently designed, guns using the cavity 

charges, employ a heavy metallic body, having 
the charges inserted therein and provided with 
detonating connections extending through the 
body and connected to an electric firing cable 
by which the tool is suspended and lowered into 
the Well. Such gun bodies, particularly when 
they are designed to carry a plurality of perforat 
ing charges, as is required in most instances, 
are ordinarily of very heavy construction in order 
to be able to withstand the very heavy pressures 
generated by detonation of the charges without 
deformation of the body. Such gun bodies are 
relatively expensive to build and require careful 
machining to close tolerances for proper recep 
tion and Sealing of the charges and firing con 
nections, and their re-use, therefore, becomes es 
sential for economic considerations. Also in the 
event such gun bodies should become broken or 
lost in a well, the well may become plugged there 
by and because of their heavy metallic construc 
tion, they may be very difficult to drill-out or 
fish-out of the well. 

Accordingly, it is a primary object of the pres 
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ent invention to provide a charge carrying body 
for perforating guns which is of very simple and 
cheap construction; which may be completely 
disintegrated and expended in use without plug 
ging the well; and which is highly effective in 
Operation. 
An important object is to provide a fully dis 

integrable gun body carrying cavity charges for 
perforating a well. 
An additional object is the provision of a per 

forating gun body constructed of such a mono 
lithic frangible material having a plurality of 
perforating charges embedded therein. 
Another object is the provision of a perforating 

gun body constructed of a monolithic frangible 
material having perforating charges embedded 
therein and enclosed in a disintegrable fluid 
tight casing constructed of non-metallic, flexible 
material, Such as rubber, rubber-like plastics and 
the like, or of light easily shatterable metal. 
A further object is the provision of a perforat 

ing gun having a body constructed of Portland 
ceraent or the like, in which the perforating 
charges are embedded during formation of the 
body. 
Other and more specific objects and advan 

tages of this invention will become apparent 
from the following detailed description when 
read in conjunction with the accompanying 
drawings which illustrate useful embodiments in 
accordance with this invention. 
In the drawings: 
Fig. is an elevational view of a section of a 

Well device in accordance with one embodiment 
of this invention; 

Figs. 2 and 2a, together, comprise a longitudi 
nal Sectional view of the perforating device; 

Fig. 3 is a cross-section through line 3-3 of Fig. 2; 
FigS. 4 and 4a constitute a longitudinal sec 

tional view of the perforating device, employing 
a Somewhat modified form of firing train; and 

Fig. 5 illustrates still another embodiment in 
accordance with this invention. 

Referring to the drawings, the perforating de 
Vice or "gun' in accordance with the illustrative 
embodiment of this invention comprises an elon 
gated generally cylindrical structure, designated 
by the letter G, which is adapted to be inserted in 
a well. Structure G includes an elongated gen 
erally cylindrical body i having a head at 
One end thereof and an end-piece 2 at the oppo 
site end thereof. Body ) is constructed of a 
cementitious, monolithic, frangible material to 
be described in greater detail hereinafter. 
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Head will normally be constructed of a 
heavy metal such as steel and is adapted to be 
recovered for re-use, while end-piece 2 will ordi 
narily be constructed of a relatively brittle and 
easily shatterable material, Such as cast alumi 
num, magnesium, or various solid plastics and 
which is expended in use. Extending longitudi 
nally through body 0 are a plurality (two illus 
trated) of reinforcing rods f3 which are fastened 
to head A, as by means of the threaded portions 
indicated at 4, or in any other Suitable manner. 
The opposite ends of rods 3 extend through the 
opposite end of body is and are adapted to be 
slidably received in sockets 5 provided in end 
piece 2. A plurality of perforating units, in 
dicated generally by the numerals 6, are em 
bedded in the material forming body (), as will 
be described in greater detail hereinafter. Per 
forating units 6, which are generally cylindrical 
in outline, are disposed at right angles to the 
axis of body and are longitudinally spaced from 
each other and angularly oriented relative to 
each other, so as to produce any desired perfora 
tion pattern. One or more strips of flexible deto 
nating cord 7, commonly known in the explosive 
art as “Prima-Cord,' are threaded through the 
body and suitably connected to the explosive 
charges contained in the several units f6 in a 
manner well understood in the explosive art for 
providing a detonating train for the Several 
charges. The ends of the “Frimla-Cord' Strips 
are led into head i? through an axial passageway 
f8 which communicates with the interior of an 
internally threaded socket 9 carried by the outer 
end of head . A sealing plug 8d. is provided at 
the entrance to passageway 8 to Seal the end of 
the passageway about strips T. Socket f is 
adapted to receive a threaded pin member 20 
which is carried by the end of a lowering cable 2 
in which is enclosed an electrical conductor lead 
22. The latter is threaded through an axial pas 
sageway 23 in pin member 20, being Suitably in 
sulated therefron, and connects to an electrical 
contact 24, which is mounted in the lower end of 
passageway 23. A tubular bushing 25 is Screwed .4: 
into the lower end of passageway 23 and carries 
on its upper end, insulated therefron, an elec 
trical contact 26 which is adapted to be put into 
conductive connection with contact 24 when bush 
ing has been properly screwed or otherwise in 
serted into passageway 23. Bushing 25 is pro 
vided with an axial bore 27 in the lower end of 
which is inserted an electrical detonating fuse 
28 of conventional form, which is connected by 
wires 29 to contact 26 and to the metallic portions 
of the pin member 20, which forms the ground 
for the firing circuit. When pin member 20, 
carrying the electrical connections and fuse 28, 
as described, is screwed into socket 9, fuse 28 
will extend into passageway 8 into detonating 
relationship to the ends of the “Prima-Cord' 
strips. A pellet 30, composed of a suitable booster 
explosive, may be inserted between fuse 28, and 
the ends of the 'Prina-Cord' strips to addi 
tionally assure the setting-off of the “Prima 
Cord' strips upon detonation of the fuse. It will 
be understood that the fusing arranging described 
is more or less conventional and is one of many 
conventional arrangements which may be em 
ployed for setting-off substantially simultaneously 
a string, of explosive charges. Accordingly, it will 
be understood that the particular type of fusing 
or firing arrangement employed for setting-off 
the perforating charges is not, of itself, a critical 
feature of this invention. 
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4. 
Each of the perforating units 6 consists of a 

generally cylindrical shell 3 closed at its opposite 
ends and Which will ordinarily be of Sectional 
construction. In the form illustrated, the shells, 
which may be constructed of a metallic or non 
metallic, easily shatterable material, such as 
aluminum, magnesium, or various plastics, are 
formed of two parts adapted to be joined together 
by means of a telescoping friction-type joint 32 
intermediate the ends of the unit. Extending 
generally diametrically through one end of shell 
3 is an opening 33 through which the "Prima 
Cord' strip is threaded. Enclosed within each 
Shell3, is a "charge 34 of detonating explosive of 
any of the well-known highly brisant types, such 
'as trinitrotoluene, pentaerythritoltetranitrate, 
trimethylene trinitramine, and the like. These 
explosives are employed in highly compressed 
forms and are normally molded to the desired 
shape, being provided on the end facing the Wall 
of the well to be perforated with a cavity 35 
Which may be generally conical, hemispherical 
or of other suitably hollowed shape, well known 
in the explosive art as: adapted to concentrate the 
force of the detonation of the charge substan 
tially along the axis of the cavity in the direction 
faced thereby. The hollowed end of the charge is 
preferably spaced inwardly a suitable distance 
from the end of the enclosing shell, depending 
generally upon the angle of the cavity and the 
degree of penetration desired, and a thin metallic 
liner 36 of shape complementary to that of the 
cavity is installed against the face of the cavity. 
A pellet 3 of a Suitable booster explosive is in 
serted in the center of the opposite end of the 
charge contiguous to the “Prima-Cord'strip. An 
opening 38 is provided in the adjacent end of 
Shell 3 for insertion of the pellet 37 and a 
threaded plug 39 is adapted to be screwed into 
opening 38 to close the latter and force the 
“Rrima-Cord' strip into close contact with pellet 
3 and the end of charge 34. The lengths of the 
shells S are generally made substantially equal 
to the diameter of body if 0. So that the Shellends 
Will be flush with the face of the body. 

Body 0 is constructed of...a...cementitious mono 
lithic material which is adapted to be cast or 
molded about the perforating charges, so that 
the latter and the "Prima-Cord' strips will be 
firmly embedded therein. When the Structure has 
been completed, and become, in effect, an in 
tegral part of the body. In every case, the ima 
terial Will be one which, when it has been allowed 
to harden, Will have a crushing strength which 
Will withstand the hydrostatic pressures which 
imay be encountered in a well, and which, at the 
Same time, Will be highly frangible so that, upon 
detonation of the perforating charges, the deto 
nating force will thoroughly shatter the body in 
to small pieces which imay be easily bailed or 
Washed out of the Well, or, evenifleft in the well, 
Will not form a plug therein. 1. 

Materials which satisfactorily meet these res 
quirements include various Portland cementamix 
tures, plaster of Paris, and the like. The para 
ticular mixes employed, the curing times, etc. will, 
of course, be varied to meetiparticuilar conditions 
under which the guns are to be run, the mixes 
and preparations conditions necessary to produce 
a monolithic material of the desired properties 
being well known by those Skilled in the art. 
The perforating device will normally be con 

Structed in the following manner: Head: if will be 
placed in the inverted position. Rods - 3 will be 
Screwed into the head and will extend upwardly, 
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Ifflexible wires are used in place of the stiff rods 
3, the free ends of the wires will be supported 

in any suitable manner to hold them straight dur 
ing construction of the gun. Perforating units 
f6 will then be attached to rods. 3 in any suitable 
or convenient manner, as by means of wires 59 
(see Fig. 3). Rods, 3 form a supporting frame 
on which the charges are hung in any desired 
arrangement to produce the desired perforation 
pattern. “Prima-Cord' strips are then thread 
ed through openings 33 in the respective groups 
Of shells and plugs 39 are inserted in the ends of 
the shells and made up tightly. The firing ends 
of the “Prima-Cord' strips are passed through 
plug 8a and into passageway 8, plug 8a being 
forced into the end of the passageway to seal it 
tightly. A cylindrical mold (not shown):... of any 
Suitable and conventional construction is then 
placed about the charge-carrying structure to en 
close the latter with head i? forming the bottom 
of the mold. A slurry of the material of which 
body O is to be constructed is then poured into 
the open top of the mold to fill the latter and 
bring the top of the body material to a point just 
below the outer ends of rods 3... The materia.is 
then allowed to Set and harden to form the Solid 
body. in which the perforating charges 6 Will 
be firmly embedded and completely sealed therein. 
Rods 3 will provide reinforcement for the body 
to prevent its cracking in handing prior to deto 
nation of the charges. Head f may be provided 
with a grooved socket, indicated at 5, to pro 
vide additionally firm attachment between head 
fi and body 8. A metal end ring 52 may be 
embedded in the upper end of body before it 
hardens to form a seat for end-piece 2 and to 
protect the outer edges of body against crack 
ing or spalling during handling prior to detona 
tion. After body has hardened to the desired 
degree, end-piece. 2 will be placed over the pro 
truding ends of rods 3 and pushed firmly against 
the end of body O. The mold will then be re 
moved from about the body and the primary gun 
structure will be complete. a . 
Where the gun is to be employed in a well con 

taining water or other well fluids which will sub 
ject the gun to substantial hydroStatic pressure, 
this invention provides an additional protective 
feature in the form of sleeve 4 which is adapted 
to form a fluid-tight casing for body to to pre 
went direct contact of any well fluid with the 
body or any of the explosive materials or connec 
tions carried thereby. Sleeve 40 may be col 
structed of any of the natural or synthetic rub 
bers or of any other flexible plastic material 
which, under external pressures will become 
tightly compressed about the body and thereby 
improve its Sealing action. To additionally as 
Sure tight sealing by sleeve 4, head f and end 
piece 2 may be provided with series of grooves 
or notches 4 and 42, respectively, in which the 
ends of sleeve 4 will be tightly compressed by 
means of suitable compression ringS 43. 

It will be understood that sleeve 40 need not 
be employed in cases where the perforating device 
is run in a well in which there is no fluid present. 
In cases where only relatively small hydrostatic 
heads are likely to be encountered, sleeve 40 may 
be merely a Seal coat for the body and may be 
obtained by dipping or spraying body with a 
Suitable plastic material, which, when suitably 
dried, will form a fluid-impermeable coating for 
the body. 

Sleeve 40 may, if desired, be constructed of thin 
metallic material, Such as sheet aluminum, mag 
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6 
nesium, brass, or iron which will form a fluid 
tight seal about body but which Will. Shatter 
or tear into relatively small pieces upon detona 
tion of the charges. 
The gun, constructed as described, is prepared 

for firing by inserting booster pellet 3 in passages 
way 8 between the ends of “Prima-Cord' strips 
7, and then screwing pin member 20, carrying 

fuSe 28 into Socket 9. The device is then lowered 
into the well opposite the point thereof in which 
perforations are to be made, and electric current, 
Supplied from any conventional and Suitable 
Source on the Surface, Will be transmitted through 
cable 22 to detonate the charges. Upon detona 
tion, the explosive forces will be directed by the 
hollowed ends of the charges against the cas 
ing and the Surrounding Well bore to effect 
the desired perforation thereof. At the same 
time, the explosive forces will act to completely 
shatter body fo, as well as shell 3 which enclose 
the several charges, and will effectively disinte 
grate these parts. Similarly, end-piece 2 will be 
shattered, the latter being cored cut at 44 to re 
duce its naSS and provide a relatively thin Sec 
tion in the center thereof which will give way 
easily under the shattering force of the explosion 
of the charges. All of the broken material will 
then fall to the bottom of the well and because 
of its rather complete disintegration may be easily 
washed-out or bailed-out of the well, or easily 
ground up, if desired, by drilling. After detona 
tion, head f, which Will usually be found to be 
unaffected by the detonation of the charges, will 
be withdrawn from the well and may be re-used 
in the manner previously described in construct 
ing another gun. 
As indicated previously, the perforating charges 

will be arranged in any pattern desired prior to 
embedding them within body G. It will be un 
derstood that any number of such charges may 
be employed and may be spaced as closely or as 
Widely as desired. W 

It will be understood that various more or less 
conventional support and reinforcing members, 
such as wires, may be employed instead of the 
stiff rods 3 in constructing the gun. 
From the foregoing, it will be evident that the 

perforating device constructed in accordance with 
this invention may be made very cheaply and, 
when set off, the body and perforating units will 
be thoroughly disintegrated without undesirable 
damage to the well. The device is found to be 
highly efficient in operation and by use of the 
cavity charges particularly will produce deep and 
effective penetration of Well casing, the forma 
tions lining the well bore, and the usual cement 
liners normally placed between the casing and 
the Well bore. - 

It will be understood that while the frangible 
type gun body herein described is primarily de 
Signed for carrying cavity type perforating 
charges, Such bodies may also be employed for 
carrying the more conventional bullet type 
charges. 

FigS. 4 and 4d, illustrate another embodiment 
in accordance With this invention, differing from 
that previously described Only in the Specific 
form of firing train employed to set off the per 
forating charges. 
In this embodiment, an electrica detonating 

fuse 53, very similar to fuse 28 of the previous 
embodiment but normally having incorporated 
therein a pellet (not shown) of a suitable booster 
explosive, corresponding to pellets 37, is inserted 
axially into the rear ends of charges 34. All of 
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'the fuses for the separate firing units; are coar 
nected in series (by means of Wires Stosan eece 

strical firing lead 55 yhich is threaged success 
sively through openings 33 in the several sex 
plosive units. One gend; of firing lead risis con 
nected to a firing electrode 56 which extends 
through passageway 8 into the bore of socket 
9 where it makes contact with telectrical acqn 
tact. 24 carried by the lower endgof cable;22. Eir 
ing electrode 56 is, of course, suitably insulated 
from the walls of gassageway; 8. The gpposite 
send of firing lead 56 is connected to a ground 
lead 57 which is grounded to head ::, as satiri. 

his embodimentis: assembled Substantially in 
the same tiananner as that previously described 
- With body;0 being poured or molded about the 
assembledgfring. Structure and gallowed to solidi 
ify: into the final rigidistricture. Asleeve;49 may 
then be applied, if desired, and the gun' will be 
tready for receiving in a Well and for operatiga 
in the manner previously gescribed. 

Instill another modification, body ornay be 
nolded about a skeletal franae work comprising 
a plurality of ;receptacles for receiving the ex 
"plosive charges connected together by suitable 
stubing for reception Qf the detonating train. 
;Fig.: 5 illustrates a portion of such a modifica 
tion. Shells 3, in this modification, are gpen 
at:Qae-end; and provided with, an annular shoul 
iders6 finwardly of the 9pen-end to provide a seat 
..for a sealing closure -62, having a packing ring 
-63 suitably seated in the periphery thereof and 
adapted to, form a fluid-tight seal. about the clo 
sure when the latteris inserted in the open-end 
qf the shell. The ends of Qpening 33 of each 
shell are connected by means of pieces, of tubirag 
64, to the adjacent sends of similar openings of 
adjacent shells 3 in the series to be installed 
in the body so that, as will be readily under 
stood, the shells will all thus be conialected to- 4 
gether intosa skeletal framework in which tub 
ing 64 forms the connecting elements. Tubing 
64;may be made of any suitable-metal, such that 
it may be bent.to, the shape of the desired path 
for the detonating train. Or preformed plastic 
tubing may be employed for making the con 
nections between the shells. This frame work 
-will then be-embedded in body-to-during mold 
ing, as previously described. After the body 
structure has thus been completed, the shaped 
explosive charges 34 with their hollow liners 36 
..Will be inserted in the shells. A firing train, 
comprising either.the “Prima-Cord's strips;T, or 
.the wires. 55 will then be threaded through;tub 
ing.64; and, through each of the shells and placed 
in detonating contact with the charges 34, after 
which, closures 62 will be inserted to complete 
the firing assembly. A sleeve 40 may then be ap 
plied to body .0, if desired. 
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dit will be further understood that traps 
changes; and alterations may be: aade in the der 
tails of thesembodiment illustrated and described 
swithin the scope of the appended claias but 
(without departing from the:Spirit of this. Wear 
tion. 
What I claimgand desire to secure by letters 

3Patent is: 
1. Asperforating gun for use in wells,Congrise 

ing a metallic head member having abore there 
in, ra; plurality of rods secured to said headinern 
her and extending downwardly therefrom ; an 
sead piece of easily shatterable tinaterial gn the 
awer gends agf said rods, a plurality of generally 
cylindrical shells positioned in Yertically:Spaced 
relationship between said; rods, nears securias 
said shells in engagement with said irod is 
Qingitudinal saxes afsaid shells disposed gat she 
Stantially right gages to said rods, Said head 
tember, rods;and shells constituting a substa 
tially rigid assembly, an explosive gharge posi 
tioned in each of Said shells. With a cavity in 
gae end sof the charge, a detonating train con 
irecting:said charges and 'exteading into the bore 
gfi said headlinenber, and a generally cylindrial 
ibody of agnolithic cementitious material exe 
tending gownwardly fron said head raember to 
said send piece and embedding said shells, det 

bQdy aad Saigl:eadpiece being:Slabstantially egna 
3pletely shatterable under the forces of explgsion 
Qf Said charges. 

2. A perforating gun as tdefined in claim 1, 
having a liquid impervious sleeve surrounding 
said cementitious body and extending from said 
head member to said-end piece. 

WILLIAM G. SWEETMAN. 
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