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12 Claims. (C. 89-1) 

This invention relates to gun perforators and particu 
larly to well perforators of the type adapted to be lowered 
into a well borehole and in which a bullet or projectile is 
fired from the gun to pierce the surrounding well cas 
ing and formation to open the same for the flow of fluid 
into the well. More specifically, this invention relates 
to the construction, arrangement, and mounting of the 
bullets, propellent charges, sealing means and firing mech 
anism, and to the combination and inter-relation thereof. 
This is a continuation of copending application Serial 
No. 199,769 filed December 8, 1950, now abandoned. 
Among the numerous problems encountered in the de 

sign and construction of uniformly efficient and effective 
gun perforators, are those of securing adequate effective 
barrel length for the bullet, the mounting of the bullet 
in such manner as to provide initial restraint thereof dur 
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ing initiation of combustion of the propellent charge, the 
sealing of the firing chamber against external fluids, and 
the precluding of premature firing, particularly in re 
Sponse to external pressures, as well as the relation be 
tween bullet and propellent charge for obtaining maxi 
mum ballistic efficiency for the gun. It is also desirable 
to provide a combined charge and bullet loading unit 
assembly which may be preassembled under factory su 
pervision and control, and which may be safely trans 
ported and installed in the perforator gun with a minimum 
of time and effort and with a resultant maximum of uni 
formity in characteristics of operation. 

These and like problems of perforating gun construc 
tion and operation have long been recognized. Note 
worthy steps in the solution thereof are exemplified in 
the prior patents of others skilled in a manner designed 
solely to improve one particular aspect of the total com 
bination of factors, and in so doing, collateral weaknesses 
have been ignored. In the present construction, all of the 
above-mentioned problems and others related thereto have 
been considered as a whole to the end that improvements 
in the individual functions combine, without sacrifice one 
to another, to provide a new and improved combination 
and interrelation of parts. In such combination, in 
proved efficiency and effectiveness are achieved in a novel, 
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simple manner readily designed to meet the demands of 
economic manufacture. 

It is, therefore, an object of the present invention, to 
provide a novel and improved perforating gun having a 
plurality of combining and cooperating features of ad 
vantageous character, the sum of which represents a total 
advance in the art along several heretofore separately 
considered avenues of progress. 

It is also an object of the invention to provide a bullet 
and propellent charge loading unit for a gun perforator 
which may be assembled as a unit subassembly under 
factory supervision with factory economy and precision, 
and one which may be transported and loaded into a gun 
with a high factor of safety and with an assured uniform 
ity of firing efficiency and effectiveness. 

It is a further object of the present invention to pro 

60 

65 

70 

vide new and improved means for mounting a perforat 
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2 
ing bullet in a perforating gun in such manner as to 
provide in effect a barrel of extended length for the bul 
let, and to secure the same with a new and improved 
manner of bullet restraint so as to secure new and im 
proved ballistic efficiency. 
Another object of the invention is to provide a bullet 

and propellent charge combination such that premature 
firing of the charge will not result from an inadvertent 
Subjection thereof to excessive fluid or mechanical pres 
Sle 

Another object is to provide a novel and improved 
charge to igniter relation and to provide a variable pro 
pellent charge to air or gas volume ratio which may be 
Selected, adjusted, and maintained, such being one means 
by which the ultimate firing force and bullet penetration 
may be improved. 
Another object of the invention is to provide a novel 

and improved sealing means for the firing chamber of 
a gun perforator, an improved feature of such sealing 
means being its responsiveness to pressure within the 
powder chamber, whereby the greater the propellent gas 
pressure applied, the greater the sealing effect. 

It is another object of the invention to provide a gun 
perforator construction in which expendable parts are 
used where the erosion and deteriorating effects of the 
propellent gases are greatest, thereby in effect maintain 
ing the gun unit in Substantially new condition. 

It is another object to provide a gun perforator struc 
ture in which provision is made for replacing the igniters 
when reloading the gun, without the necessity of disturb 
ing the breech assembly and associated electrical con 
nections and wiring leading to the igniters. - 
These and other objects and features of the present 

invention will be apparent from a consideration of the 
following specification taken in conjunction with the ac 
companying drawings, in which: 

Figure 1 is a view in elevation of a typical well perfo 
rating gun embodying the features of the present inven 
tion, and 

Figure 2 is a transverse section taken on the line 2-2 
of Figure 1. 

In the drawings, the numeral 0 indicates the gun as 
sembly generally, and the numeral 12, the gun body. 
The gun comprises a steel cylindrical assembly which is 
adapted to be lowered into a well bore hole by a con 
ductor cable 1, containing an insulated conductor or 
conductors, through which the firing of the units may be 
controlled. As indicated in Figure 1, between the con 
ductor cable li, and the body 12 of the gun, there are 
provided a cable socket 13 and various interconnecting 
Subs, one of which, as shown at 14, contains suitable fire 
control means, as indicated in dotted lines at 15, with re 
spect to which the present invention is not specifically 
concerned, but which will be referred to in more detail 
hereinafter. 

Referring more particularly to Figure 2, the gun body, 
indicated by the numeral 12, comprises a generally 
elongated substantially solid steel cylinder of sufficient 
strength and Solidity to withstand the explosive forces 
of the firing of the gun charges. Laterally directed gun 
units are mounted in the cylindrical gun body at longi 
tudinally spaced intervals and preferably in a spiral 
arrangement, as shown in Figure 1. Each unit com 
prises an internally threaded, laterally directed barrel 
opening 16, which receives the threaded barrel member 
17. In the form of a barrel member here illustrated, 
the outer end portion 18 is reduced in external diameter 
and given a hexagonal shape in order to receive a suit 
able tool or wrench for its installation and removal. 
Preferably, the lateral depth of the barrel opening 16 
and the length of the barrel member 17 are such that 
the barrel member- is wholly received within the open 
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ing, flush with the surface of 
seated and tightened therein, so as . 
laterally projecting parts when the gun is fully assembled 
in the manner shown in Figures 
end of the barrel member 17 is formed 
thread-free end 19, of slightly reduced ext 
eter, adapted to be received concent 
inner thread-free, counterbored end barrel opening 16, thereby forming 
annular end recess. An oring 21 
beforementioned annular end recess, between t 
faces 19 and 20, in order to seal the barrel member within the barrel opening and to preclude leaking of any well exten 
fluid inwardly from between the threaded portion of chai 
the gun barrel opening 16 and t . . . 
the barrel member 17. 
with a concentric barrel. b 
inside diameter, but having, at the 
thereof, a short portion of slightly enlarged diameter, 
forming a shallow recess 23, having an annular shoulder 
24. Seated within the recess. 23, and making sealing 
engagement against the shoulder 24, there is provided 
a sealing disc 25 for preventing admission of y 
into the barrel bore. The disc 25 may be seated and propellent ch 
sealed in any suitable manner well known in the art, 25 the diaphragm 30, bein s 
and may be formed of any suitable material, such as or otherwise suitably secured 
brass or steel. In operation, when the propellent charge within the frusto-conical inn 
is detonated and the bullet fired, il 25 is ejected at 48. 
from the recess 23, either as a unit or as fragments, is 
and forms substantially no obstacle to the discharge of 30 ing me 
the bullet: . . . . . . . . . . . . . . 
The well casing or formation piercing projectile or gluing or ce 

bullet of the present gun unit is indicated at 26, and container sleeve -- - - - 
preferably comprises a forward piercing nose portion through the charge 45, has 
27 of substantially conical or ogival form, and a body 35 greater than the external diameter. 
or rearward shank portion 28, preferably of uniform 14.14 
diameter, extending from the nose portion 27 to the 

- transverse rear end or butt 29. The bullet 26 is usually 
made of hardened steel or steel jacketed in a manner 
Well known in the industry to provide adequate casing 
for formation piercing ability. While a bullet of the 
shape here shown is now believed preferable in the ... that, a 
present combination, it will be understood that the inven- is spaced from ". . . . ., '-'. ', he char, : 
tion is not limited to this specific design of bullet. the cylindrical propellent charge assembly terminates at 
Various types of nose formations and shapes may be each end in plane, transverse surfaces, except for the 
resorted to as desired, in accordance with the dictates chamfered, forward edge o passage 46, it will be 
of the particular perforation operation to be performed. noted that an annular gas space 51 is form 
The bullet 26 is mounted-through a central opening between the charge and 

chamber 40, is such as to 
fit, the outer cylindrica w 

:22 of generally uniform 
he outer or muzzle end 

oipling engagement 
face thereof, as sho 

mbrane or wafer 49. which extends 
the rearward end of the charge, and gluing or cementing its edges to the end margin of th 

. . . . . . . . . . . . , ' ' ' ' . : and the plate 30 surrounding the 

formed in a sealing plate or diaphragm 30, and also annulus 31. In the present instance, the space 51 is 
through a frusto-conical restraining annulus 31, both of so approximately equal in depth to the thickness of the 
which engage the cylindrical mid in of 
approximately midway between the forward end of the - - - - - - - - - - - - - is ...:... : :"... ...": 

nose portion 27 and the butt 29. While the plate 30 varying conditions and requirements, the relationsh 
and the annulus 31 are here shown as separate parts, they here suggested being only by way of example as having 
may be integral. The openings through both plate 30 been found effective and efficient in certain perforating 
and annulus 31 are preferably such as to form a tight 
press fit upon the bullet 26, the annulus-31 and plate 
30 being either in juxtaposition or of integral construc 
tion to form a holding unit, from which the bullet is . 
dislodged only upon firing of the propellent charge and 
the building up of a sufficient initial pressure within --" 
the charge chamber. The periphery of the diaphragm the bullet loading unit. 
30 has formed thereon and integral therewith a rear- a given quantity of charg 
wardly directed annular flange or lip 33, the outer face the unit may be re 
34 of which is cylindrical, and coaxial with the disc the outer dimension o 
portion and centrally contained bullet, while the inner - - - - - - - - - - - - - - 
surface 35 is slightly tapered in a rearwardly diverging 
direction, forming thereby a frusto-conical surface dis 

annulus 31. The character, size, densi 
the propellent charge may, of course, bev 

practices. It is important 
bly provides the combusti 

posed at opposite angularity to the rearwardly conver 
ing frusto-conical outer surface 36 of the annulus 31. 
A cylindrical firing charge chamber is shown at 40, 

formed by a bore 41 of inside diameter reduced relative 
to that of threaded barrel 16 but uniform throughout its 
length and extending concentrically inwa om the 
innermost end of the barrel opening 16. A concentric is a 
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same rearwardly, as by a premature rupture of the seal 
ing disc 25, and the admission of well fluid pressure to 
the nose of the bullet, rearward movement of the bullet 
will not act to compress the charge and, by such com 
pression and the resultant friction and heat thereof, 
prematurely explode the charge. An important safety 
factor is, in this manner, incorporated in the present 
design. 
A further important feature of the present invention 

is the fact that the bullet 26, plate 30, annulus 31, 
charge 45, and container sleeve 47 may be readily 
assembled at the factory and under factory supervision 
and control, as a sealed loading unit protected from 
external moisture or other contamination. Such units 
may then be transported to the field or other loading 
locations and conveniently loaded into the gun with a 
minimum of time, effort and of danger, and with maxi 
mum insurance of uniformity of operation. The indi 
vidual charge and bullet loading unit assembly is formed 
by press fitting the bullet 26 through the plate 30 and 
annulus 31 respectively. Preferably, such fitting may 
be accomplished as a single operation. The charge, hav 
ing been suitably formed and placed within the container 
sleeve 47, is then sealed over at the rearward end by 
the paper wafer 49, and the forward free end of the 
container sleeve 47 is then fitted within the frusto-conical 
walls 35 of the flange 33 and secured there by gluing, 
cementing, or the like, at 48, as beforementioned. The 
loading unit, thus formed, may be transported with rela 
tive safety, it being noted that the igniter is not included 
in this loading unit but is applied to the unit as an 
incident to the final loading of the gun. 
venience, and uniformity of performance are thus 
insured. 
As will be hereinafter referred to, the securing of 

the forward end of the container sleeve 47 within the 
lip 33, provides against dislodgment of the container 
47 from the plate 30 under the high pressure resulting 
from combustion of the propellent charge, and will not 
only force the container sleeve end more tightly outward 
against the inner surface of the flange 33, but will also 
expand the flange 33 more tightly outward against the 
inner wall 41 of the bore 40, and thereby effectively 
prevent leakage of the propellent charge gases outwardly 
to the space between the rearward end face of the barrel 
member 17, and the adjacent forwardly directed face of 
the annular end surface surrounding the charge chamber 
bore opening, which might otherwise result in dislodg 
ment of the gun barrel member 17 from the gun upon 
firing of the charge. 

In the present embodiment of the invention, firing of 
the charge 45 is provided for by an igniter 44, which 
is preferably a cup-like head member, containing a 
combustible powder and an electrical resistance element 
therein (not shown). One example of an igniter of this 
type, well suited to the present purposes, is that dis 
closed in the patent of Robert A. Phillips, Patent No. 
2,649,736, to which reference may be had for further 
details of its construction and operation. The head of 
the igniter 44 is seated by the operator during final prepa 
ration in the field for firing, within the recess 42, and 
extends forwardly therefrom into the firing charge 
chamber 40. When the loading unit is inserted into 
the firing chamber, the head of the igniter 44 ruptures 
the paper membrane or cover 49, and extends into the 
end portion of the passage 46 of the propellent charge 45. 

Prior to installation of the loading unit, including the 
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propellent charge body 45, in the charge chamber 40, 
the igniter head 44 is secured in the position shown, by 
means of a metal stem 52, which extends rearwardly 
therefrom, coaxially with the recess 42 and chamber 40, 
through an interconnecting passage 53, and a counter 
bored section 54, rearwardly into a cylindrical recess 
or cavity 55 bored into the surface of the gun body dia 
metrally opposite the barrel opening 16 and rounded at 

70 

75 

6 
its rearward end. An annular seal receiving recess 56 
is formed at the rearward edge of the recess or cavity 
55 at the surface of the gun barrel opposite the muzzle. 
Within the passage 53, the igniter stem 52 is surrounded 
by an insulating sleeve 57 and a similar insulating spacer 
58 is provided in the counterbored portion 54; the 
threaded extremity 60 of the stem 52 receives a con 
ductor-connecting washer 61, and a securing nut 62. 
The washer 61 and nut 62 are preferably embedded 
together within a sealing and retaining body 63 com 
posed of rubber or the like resilient insulating material, 
tightly fitted, preferably under pressure, within the recess 
55. For sealing the recess 55, and retaining the member 
63 therein, a seal disc 64 is tightly pressed or driven into 
the shallow annular recess 56 surrounding the outer or 
rearward edge of the recess 55. 
By this construction, it will be noted that the retaining 

member 63, with its nut 62 and washer 61, are held rela 
tively stationary within the recess 55, in axial alignment 
with the passage 53, while the igniting head and its 
threaded conductor stem 52 may be inserted through and 
removed from the muzzle end opening of the gun unit as 
desired, without disturbing the sealing body 63, the elec 
trical wiring and connections and the seal disc 64. Thus, 
after each firing of the gun, the igniters may be replaced 
prior to reloading, through the barrel opening and charge 
chamber with a minimum of time and difficulty. 

Energization of the igniter 44 is provided for by an 
insulated conductor 65 which is connected to the igniter 
stem 52 through washer 61, and extends from the recess 
55 through a lateral duct 66 to a longitudinally extend 
ing conductor passage 67, formed in the side of the gun 
barrel and thence up through the passage 67 to the igni 
tion control device 15, which may be contained in the 
top of the gun assembly 10, as hereinbefore mentioned. 
In case it is desired to fire each gun unit in the gun body 
separately, separate conductors are provided for each 
gun unit, which conductors make connection with and 
extend from each of the igniters of each gun unit, in the 
manner shown in Figure 2, and extend through their 
respective lateral passages into the longitudinal passages 
67 and 67, as shown in part at 68 and 69, and thence 
up to the beforementioned firing controller 15. Two di 
ametrally opposite longitudinal passages 67 and 67 are 
preferably provided in the gun body, to which the several 
laterial ducts of the type shown at 66 may conveniently 
make connection from the gun units, which are directed 
at different angles along the length of the gun body. It 
will be noted that the arrangement of recesses 55, ducts 
66, and intercommunicating passages 67 and 67, pro 
vides internal, fluid tight passages for the controlling con 
ductors, and, therefore, the possibility of accident and 
damage thereto is minimized, so that they will not be 
subjected to pressures of or contact with well fluid. By 
this arrangement, repeated firings and reloadings of the 
gun may be accomplished without disturbing the con 
ductors or opening the recess 55 and without removal of 
the insulating and positioning member 63, or seal disc 
64, all of which may be semipermanently installed and 
sealed upon the original assembly of the gun body. 
In the assembly of the gun proper prior to loading, 

conducting wires, as shown at 65, 68, and 69, are 
located within the passages 67 and 67 and led through 
the lateral ducts 66 as desired, the grooves having been 
closed and permanently sealed by welding the cover 
plates 70 and 70 in place. The individual conductors 
65, 68, and 69, are then attached to their respective con 
ductor washers, as shown at 61, in Figure 2, which are 
embedded with the nuts 62 in the insulating and position 
ing member 63. After such connection, the members 63 
are inserted in the recesses 55, preferably with a tight fit 
and with the threaded bores of the nut axially arranged 
with respect to the axis of the passage 53 and the firing 
chamber bore 41, so as to threadedly receive the stems of 
the igniters. The assembled and wired nuts 62, washers 



61, and members 63, are then sealed within the recesses 

62, as beforedescribed. Installation of the igniters is 
-- is the passages 53, 54, and threading the stem into 10 ing outer wall of the tubular containe 

the nuts, 

gun proper, the charge 45, bullet 26, plate 30, and an- i. 

a gun loading unit. Preferably, although not necessarily, 
the charge 45 is formed and compressed within the sleeve 
47 and the paper membrane or seal 49 is applied as be-, 
forementioned, to seal one end thereof. In a separate 

as hereinbefore suggested, may be formed together as 
a single integral unit if desired. In securing the bullet. 
in the annulus 31 and the plate 30, it will be understood 

to allow the pressure to build up behind the bullet to 
some extent before the bullet is expelled from the barrel, 

end of the barrel member with the rear end portion of the type hereinbefore descr 

restraining annulus 31, and with the charge 45 mounted 
within its container sleeve 47, the forward end of the 
container sleeve is then placed within the flange 33 of 

sealing means as bef 
and bullet 26 cooper 

the volume 

they are each electrically connected with their individual 
conductors, which extend to the firing control apparat 
as beforedescribed. . . . . . . . . . . . . . . . . . . . 

igniters 44, which may be separately stored and trans 

55 preferably under compression or pressure applied 
the Seal discs 64 and may thus be retained in such po 
tion throught repeated firings of the gun. - 
The next step in preparing the gun for operation prior to loading is installing the ignites, which maybe done 

at any time after the assembly of the wiring and the nuts 
it fits within the flange of the diaphragm 3 readily accomplished by inserting the stems thereof . 

a nuts, as shown at 62, by which the heads 44 are tained within the charge 
securely fastened within the recesses 42 of the firing expand outwardly under 
chambers. As an incident to thus installing the igniters, the propellent charge gases 

However, such outward exp 

Independently of the fabrication and assembly of the 
are preferably assembly within the container 
and sealed by the sealing member 48 to form 

operation, the bullet 26 is press fitted through the central 2 
apertures of the disphragm 30 and annulus 31, which, relopening 16 and tighte 

- . 1. -- thereby being positioned abo 
27 of the bullet 26, and bein 

1. 
that either or both, and preferably the annulus, grips the 30 - 
bullet with sufficient force to hold the same against the initial pressure following ignition of the propellant charge 

gun, ful 
in the factory. While it is 
provide independent and tr in order to insure a maximum bullet velocity. Mount 

ing of the plate and annulus directly against the rear. 
the bullet extending into the charge chamber, provides limited, 
an effective increase in the barrel length. n ..., arate components, 
With the bullet 26 thus assembled with plate 30 and 40 desired. . . . After complete 

the plate 30 and is sealed thereto at 35, either by a press . 
fit or with a suitable adhesive or cement, or the like 45 

redescribed. Thus, the plate 30 
-. . . with the container 47 and its 

end seal 49 to form a complete bullet and charge load 
ing unit package, fully sealed and protected from-con 
tamination and the elements, and readily transported 
with relative safe ce the more easily exploded ig 
initing element is not included in the unit thus forme 
In thus forming the loading unit, it will be noted that 

3rdensity of the propellent charge 45 rela O plication, leading to each of the fusi 
5 incorporated in each of the ig 

in unit, may ing control means well kno 
d controlled, as well as therestraining be used in the same or similar manner. As 

st 26 and the plate 30 and annulus tioned, this firing control apparatus connected 
sulated conductor contained inc 
in the perforator gun assembl 
in dotted lines at 15. Upo gniti 
charge 45, pressure will rapidly buil 
chamber, tending to propel the bullet 
the barrel. Such outward movement 

65 initially restrained with 
applied by the gripping acti 

is nulus 31, as beforementioned, 

: In the field, when the gun is to be used, one of the 
rst inserted and screwed into place, and a loading unit is then placed in the firing chamber, suf 15 from the gunbod 

  

    

  

  

      

  

  

  

    

  

  

    

    

  

    

    

  

  

  



9 
remove, by unscrewing, the empty igniter 44, after which 
a new igniter may be applied in the same manner and a 
new loading unit, including charge and bullet, inserted, 
and the barrel member 17, including the sealing member 
25, again screwed into place. The gun is then ready for 
further perforating operations. 
The portion of the gun unit which is subjected to the 

most erosion and other deterioration by the propellent 
gases is the rearward end of the bore 22 of the gunbar 
rel adjacent the charge chamber. In the present inven 
tion, the diaphragm 30 and annular ring 35 form in ef 
fect a rearward extension of the barrel bore 22. These 
parts, especially the ring member 31, therefore are sub 
jected to most of the erosive action of the propellent 
gases and thereby serve to shield and protect the adjacent 
and rearward portions of the barrel bore 22 from these 
damaging effects. Each time the gun is reloaded, these 
parts are replaced by new ones, as hereinbefore described, 
and thus this vital portion of the gun assembly is main 
tained in good condition. 

It is to be understood that the foregoing is illustra 
tive only, of a preferred embodiment and use of the in 
vention; and that the invention is not limited thereby, but 
may include various modifications and changes made by 

- those skilled in the art, without departing from the spirit 
and scope of the invention as defined in the appended 
claims. 
What is claimed is: 
1. In a perforating gun for wells having a body formed 

with an outer barrel opening, a bore of reduced diameter 
extending coaxially inward from the inner end of said 
outer barrel opening and constituting a firing charge 
chamber, a cylindrical recess of still further reduced di 
ameter extending axially inward from the inner end of 
said firing charge chamber for receiving the head of an 
igniter, and a barrel threaded into said barrel opening, 
said barrel having a coaxial bullet bore, the combination 
of: a bullet having its forwardly projecting portion fitted 
into said bullet bore; an igniter head mounted in said 
recess and extending therefrom into said firing charge 
chamber; a consolidated tubular-shaped propellant charge 
body having a passage extending concentrically there 
through from end to end thereof and positioned coaxially 
within said firing charge chamber with the rearward por 
tion of said passage encircling the inwardly extending por 
tion of said igniter head; a transverse diaphragm at the 
junction of said outer barrel opening and said charge 
chamber bore to seal the latter, said diaphragm having a 
peripheral rearwardy directed flange, the external diam 
eter of which is such as to be received within said charge 
chamber with a light press fit, said flange having an in 
ternal surface of rearwardly diverging frusto-conical form; 
a cylindrical shell surrounding said charge body and fitted 
at its forward end within said inner frusto-conical surface 
of Said flange, said shell being of less external diameter 
than said internal diameter of said firing charge chamber 
bore forming an annular clearance space therebetween, 
with said bullet being mounted concentrically through said 
diaphragm and extending therefrom into said firing charge 
chamber; and a restraining annulus mounted on said bullet 
intermediate the ends thereof and positioned on the rear 
ward side of said diaphragm and adjacent thereto, said 
annulus having an external frusto-conical surface the in 
clination of which is opposite to that of the frusto-coni 
cal surface of said flange. 

2. In a perforating gun for wells having a body formed 
with an outer barrel opening, a bore of reduced diameter 
extending coaxially inward from the inner end of said 
outer barrel opening and constituting a firing charge 
chamber, a cylindrical recess of still further reduced di 
ameter extending axially inward from the inner end of 
said firing charge chamber for receiving the head of an 
igniter, and a barrel threaded into said barrel opening 
and having a coaxial bullet bore, the combination of: a 
bullet having its forwardly projecting portion fitted into 
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said bullet bore; an igniter head mounted in said recess 
and extending therefrom into said firing charge chamber; 
a consolidated tubular-shaped propellent charge body 
having a passage extending concentrically therethrough 
from end to end thereof and positioned coaxially within 
Said firing charge chamber with the rearward portion of 
Said passage encircling the inwardly extending portion of 
said igniter head; a transverse diaphragm at the junction 
of said outer barrel opening and said charge chamber 
bore to seal the latter, said diaphragm having a peripheral 
rearwardly directed flange the external diameter of which 
is such as to be received within said charge chamber with 
a light press fit, and said diaphragm being formed with a 
central opening; a cylindrical shell concentrically sur 
rounding said charge body and making coupling engage 
ment at its forward end within the inner surface of said 
flange, said shell being of less external diameter than the 
internal diameter of said firing charge chamber bore form 
ing an annular clearance space therebetween, with said 
bullet being mounted concentrically in and extending 
through said central opening formed in said diaphragm, 
the rearward portion of said bullet extending into said 
firing charge chamber; and a restraining annulus encir 
cling and gripping said bullet intermediate the ends there 
of and positioned adjacent the rearward side of said 
diaphragm. 

3. In a perforating gun for wells having a body formed 
With an outer barrel opening, a bore of reduced diameter 
extending coaxially inward from the inner end of said 
outer barrel opening and constituting a firing charge 
chamber, a cylindrical recess of still further reduced di 
ameter extending axially inward from the inner end of 
said firing charge chamber for receiving the head of an 
igniter, and a barrel mounted in said barrel opening and 
having a coaxial bullet bore, the combination of: a bullet 
having its forwardly projecting portion fitted into said 
bullet bore; an igniter head mounted in said recess and 
extending therefrom into said firing charge chamber; a 
consolidated tubular-shaped propellent charge body hav 
ing a passage extending concentrically therethrough from 
end to end thereof and positioned coaxially within said 
firing charge chamber with the rearward portion of said 
passage encircling the inwardly extending portion of said 
igniter head; a transverse diaphragm means at the junc 
ture of said outer barrel opening and said firing charge 
chamber to seal the latter, said diaphragm means having 
a peripheral rearwardly directed flange, the external di. 
ameter of which is such as to be received snugly within 
said charge chamber bore, said diaphragm means also 
being formed with a central opening; and a cylindrical 
shell concentrically surrounding said charge body and 
making coupling engagement at its forward end within 
the inner surface of said flange, said shell being of less 
external diameter than the internal diameter of the said 
firing charge chamber, with said bullet fitting with a hard 
press fit concentrically through said central opening 
formed in said diaphragm means and having the rear end 
portion thereof extending coaxially therefrom into said 
firing charge chamber and into the forward portion of said 
passage of said charge body. 

4. In a perforating gun for wells having a body formed 
with an outer bullet bore, an inner bore of increased 
diameter relative to that of said bullet bore extending 

65 
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coaxially inward from the inner end of said bullet bore 
and constituting a firing charge chamber, the combina 
tion of: a bullet; a tubular-shaped propellent charge posi 
tioned coaxially within said firing charge chamber, said 
charge having a passage extending axially therethrough 
from end to end thereof; transverse diaphragm means lo 
cated at the juncture of said bullet bore and said firing 
charge chamber bore, said diaphragm means being formed 
with a central opening, said bullet being supported at an 
intermediate relatively short section thereof by means of 
said central opening, with said bullet being positioned 
With its rear end portion exposed to and extending from 
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said diaphragm means coaxially into said: firing charge 
chamber for a substantial portion of the length of said 
bullet, said bullet making a press fit in said central open. 
ling sufficiently tight to delay initial movement of said 
bullet therefrom into said bullet bore following ignition 
of said charge; and igniter means in said firing charge 
chamber and positioned in communication with said pas sage through said propellent charge body, said passage 
being unobstructed intermediate said igniter means and 
the rear end portion of said bullet therein. 

5. In a perforating gun for wells having a body formed 
with an outer bullet bore, an inner bore of increased diam 
eter relative to that of said bullet bore extending coaxially 
inward from the inner end of said bullet bore and con stituting a firing charge chamber, the combination of: a 
bullet; a tubular-shaped propellent charge body posi 

body having a passage extending axially therethrough 
from end to end thereof; a transverse diaphragm located 
at the juncture of said bullet bore and said firing charge 
chamber bore, said diaphragm being formed with a cen 
tral opening, said bullet being supported at an interme 

central opening, with said bullet being positioned with its 
rear end portion exposed to and extending from said 
diaphragm coaxially into said firing charge chamber for 

10 

tioned coaxially within said firing charge chamber, said : - 
said bullet, said bullet making a press fit in said central 
opening sufficiently tight to delay initial movement of 

20 

... : * :::::.. 12 . . . . . . * ...:- 
and constituting a firing charge chamber, a barrel 

: threaded into said barrel opening and having a coaxial 
bullet bore therethrough, the combination of: a bullet; a tubular-shaped propellent charge positioned coaxially : 
within said firing charge chamber, said charge having a 
passage extending axially therethrough from end to end . . . 
thereof...and having an external diameter less than the . 
internal diameter of said firing charge chamber; trans 
verse diaphragm means located at the junction of said: 
outer barrel opening and firing charge chamber-bore ad 
jacent the rear end of said barrel, said diaphragm means. 
being formed with a central opening, with said bullet. 
being supported at an intermediate relatively short sec-. 
tion thereof through said central opening and said bullet 
being positioned with its rear-end exposed to and extend 
ing from said diaphragm means coaxially into said firing 
charge chamber for a substantial portion of the length of 

said bullet from said central opening into said bullet bore if 
following ignition of said charge; and combustible igniter. ... 

an interme means in said firing charge chamber and positioned within 
diate relatively short section thereof by means of said ... 

25. 

a substantial portion of the length of said bullet; a re 
straining annular member separate from said diaphragm 
encircling and gripping said bullet intermediate the ends 
thereof and positioned adjacent to and on the rearward 30: 
side of said diaphragm, said bullet making a press fit in 
said annular member sufficiently tight to delay initial 
movement of said bullet therefrom into said bullet bore 
following ignition of said charge; and igniter means in said. 
firing charge chamber and positioned in communica 
tion with said passage through said propellent charge 
body, said passage being unobstructed intermediate said: 
igniter means and the said rear end portion of said bullet 
therein whereby said igniter means is effective to ignite 
initially the inner portion of said propellent charge in said 
passage. - . . . . . . 

6. In a perforating gun for wheels having a body 
formed with an outer barrel opening, an inner bore of 
reduced diameter relative to that of said barrel opening 
extending coaxially inward from the inner end of said 
barrel opening and constituting a firing charge chamber, a 
barrel threaded into said barrel opening and having a 
coaxial bullet bore therethrough, the combination of: a 

35 

40 

bullet; a tubular-shaped propellent charge body posit 
tioned coaxially within said firing charge chamber, said 50 
propellent charge body having a passage extending axially 
therethrough from end to end thereof; transverse dia 
phragm means located at the juncture of said outer barrel 
opening and firing charge chamber bore adjacent the rear 
end of said barrel, said diaphragm means being formed 
with an opening, with said bullet being supported at an in 
termediate relatively short section thereof through said 
opening and said bullet being positioned with its rear end 
exposed to and extending from said diaphragm means 
coaxially into said firing charge chamber for a substan 
tial portion of the length of said bullet, said bullet making 
a press fit in said opening sufficiently tight to delay initial 

i movement of said builet from said opening into said bul 
let bore following ignition of said charge; and combus 
tible igniter means in said firing charge chamber and 

50 

and located at an intermediate portion of said passage. 

reduced diameter relative to sing extending coaxially inw 

65 
positioned within said passage through said propellent 
charge body, said passage being unobstructed inter 
mediate said igniter means and the said rear end portion 
of said bullet therein whereby said igniter means is ef 
fective to ignite initially the inner portion of said propel 
lent charge in said passage. 

7. In a perforating gun for wells having a body formed 
with an outer barrel opening, an inner bore of reduced 
diameter relative to that of said barrel opening extending 
coaxially inward from the inner end of said barrel opening t 

io 

bullet being positioned with its rear end exposed to and : 
extending from said diaphragm means coaxially into said . . . 
firing charge chamber for a substantial portions of the 

ment of said bullet from said central opening into said 

said passage through said propellent charge, said passage: 
being unobstructed intermediate said igniter means and . . 
the said: rear end portion of said bullet therein whereby 
said igniter means is effective to ignite initially the inners. 
portion of said propellent charge in said passage. . . . . . . . . 

8. In a perforating gun for wells having a body 
formed with an outer barrel opening, an inner-bore of 
reduced diameter relative to that of said barrel opening 
extending coaxially inward from the inner end of said 
barrel opening and constituting a firing charge chamber, . . . . 
a barrel threaded into said barrel opening and having a . 
coaxial bullet bore therethrough, the combination of: a . 
bullet; a tubular shaped propellent charge positioned co 
axially within said firing charge chamber, said charge 
having a pasage extending axially therethrough from end 
to end thereof, and having an external diameter-less than 3. 
the internal diameter of said firing charge chamber 
transverse diaphragm means located at the junction of 
said outer barrel opening and firing charge chamber bore 
adjacent the rear end of said barrel, said diaphragm means. 
being formed with a central opening, with said bullet 
being supported at an intermediate relatively short sec-, 
tion of said bullet through said central opening and said 

length of said bullet, said bulletmaking a press fit in said 
central opening sufficiently tight to delay initial move-, i. 
bullet bore following ignition of said charge; and igniter. 
means in said firing charge chamber and positioned withi 
through said propellent charge body, said passage being it is 
unobstructed intermediate said igniter means and the 
rear end of said bullet therein whereby said igniter means. 
is effective to ignite initially the intermediate portion of . 
said propellent charge in said passage. . . . . . . 

9. In a perforating gun for Wells having a body. 
formed with an outer barrel opening, an inner bore of 

at of said barrel open 
W. ward from the: inner end of . 

said barrel opening and constituting a firing charge chani. 
ber, a barrel threaded into said barrel opening and have 
ing a coaxial bullet bore therethrough, the combination . . . 
of: a bullet; a tubular-shaped propellent charge posi 
tioned coaxially with said firing charge chamber, said 
charge having a passage extending axially therethrough 
from end to end thereof and having an external diami 
eter less than the internal diameter of said firing charge 
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relatively short section of said bullet through said central 
opening and positioned with its rear end exposed to and 
extending coaxially from said central opening into said 
firing charge chamber and into said passage in said pro 
pellent charge for a substantial portion of the length of 
said bullet, said bullet making a press fit in said central 
opening sufficiently tight to delay initial movement of 
said bullet therefrom into said bullet bore following ig 
inition of said charge; and combustible igniter means in 
said firing charge chamber and positioned within and lo 
cated at an intermediate portion of said passage through 
said propellent charge body, said passage being unob 
structed intermediate said igniter means and the rear end 
of said bullet therein whereby said igniter means is effec 
tive to ignite initially the intermediate portion of said pro 
pellent charge in said passage. - 

10. In a perforating gun for wells having a body formed 
with an outer bullet bore, an inner bore of increased di 
ameter relative to that of said bullet bore and extending 
coaxially inwardly from the inner end of said bullet 
bore and constituting a firing charge chamber, the com 
bination of: a bullet; a tubular-shaped propellent charge 
body positioned coaxially within said firing charge cham 
ber, said charge having a passage extending axially there 
through from end to end thereof and having an external 
diameter less than the internal diameter of said firing 
charge chamber; transverse diaphragm means located 
at the juncture of said bullet bore and firing charge cham 
ber bore, said diaphragm beans being formed with a cen 
tral opening, with said bullet being supported at an in 
termediate relatively short section of said bullet through 
said central opening and positioned with the rear end 
portion thereof exposed to and extending from said dia 
phragm means coaxially into said firing charge chamber 
and into said passage in said propellent charge for a 
substantial portion of the length of said bullet, said bul 
let making a press fit in said central opening sufficiently 
tight to delay initial movement of said bullet therefrom 
into said bullet bore following ignition of said charge; 
and combustible igniter means in said firing charge mem 
ber and positioned within and located at an intermediate 
portion of said passage through said propellent charge, 
said passage being unobstructed intermediate said ig 
niter means and the rear end of said bullet therein whereby 
said ignited means is effective to ignite initially the in 
termediate portion of said propellent charge in said pas 
Sage. 

11. In a perforating gun for Wells having a body formed 
with an outer bullet bore, an inner bore of increased di 
ameter relative to that of said bullet bore and extending 
coaxially inward from the inner end of said bullet bore 
and constituting a firing charge chamber, the combina 
tion of: a bullet; a tubular-shaped propellent charge 
positioned coaxially within said firing charge chamber, 
said charge having a passage extending axially there 
through from end to end thereof and having an external 
diameter less than the internal diameter of said firing 
charge chamber; a transverse diaphragm located at the 
juncture of said bullet bore and firing charge chamber 
bore, said diaphragm being formed with a central open 
ing, with said bullet being supported at an intermediate 
relatively short section of said bullet through said cen 
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14 
tral opening and positioned with the rear end portion 
thereof exposed to and extending from said diaphragm 
coaxially into said firing charge chamber and into said 
passage in said propellent charge for a substantial por 
tion of the length of said bullet; a restraining annular 
member encircling and gripping said bullet intermediate 
the ends of said bullet and positioned adjacent to and 
on the rearward side of said diaphragm, said bullet mak 
ing a press fit in said annular member sufficiently tight 
to delay initial movement of said bore therefrom into said 
bullet bore following ignition of said charge; and com 
bustible igniter means in said firing charge chamber and 
positioned within and located at an intermediate por 
tion of said passage through said propellent charge, said 
passage being unobstructed intermediate said igniter 
means and the rear end of said bullet therein whereby 
said igniter means is effective to ignite initially the inter 
mediate portion of said propellent charge in said passage. 

12. In a perforating gun for wells having a body formed 
with an outer bullet bore, an inner bore of increased 
diameter relative to that of said bullet bore extending 
coaxially inward from the inner end of said builet bore 
and constituting a firing charge chamber, the combina 
tion of: a tubular-shaped propellent charge body posi 
tioned coaxially within said firing charge chamber, said 
body having a passage extending axially therethrough 
from end to end thereof; a transverse diaphragm iocated 
at the juncture of said bullet bore and said firing charge 
chamber bore, said diaphragm being formed with a cen 
tral opening therethrough; a bullet supported at an in 
termediate relatively short section thereof through said 
central opening, with its rear end portion exposed to and 
extending from said diaphragm opening coaxially into 
said firing charge chamber for a substantial portion of the 
length of said bullet; a restraining annular member en 
circling and gripping said bullet intermediate the ends 
thereof and positioned on the rearward side of said dia 
phragm, said bullet making a press fit in said annular 
member sufficiently tight to delay initial movement of 
said bullet therefrom into said bullet bore following ig 
Inition of said charge; and igniter means positioned in 
communication with said passage extending through said 
propellent charge body, said passage being unobstructed 
intermediate said igniter means and the said rear end 
portion of said bullet therein whereby said igniter means 
is effective to ignite initially the inner portion of said 
propellent charge in said passage. 
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