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mesne assignments, to Dresser Industries, Inc., Dallas,
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Continuiation of abandoned application Ser. No. 199,769,
Dec. 8, 1950. This application Oct. 4, 1954, Ser. No.

460,086
12 Claims. (ClL 89—1)

This invention relates to gun perforators and particu-
larly to well perforators of the type adapted to be lowered
into-a well borehcle 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-
apism, 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- ‘

ing initiation of combustion of the propellent charge, the
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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. Inthe 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, im-
proved efficiency and effectivenéss are achieved in a novel,
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simple manner readily designed to meet the demands of

economic manufacture.

Tt is, therefore, an object of thé 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 preseént invention to pro-
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vide new and improved means for mounting a perforat- ~ :

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-
sure.

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 embodymg 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 10 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 11, 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 11, 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
clongated 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-



ing, flush with the surface of the gun body, when fully
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“ seated and tightened -therein, 'so "as ‘not to: present -any
laterally projecting parts when the gun-is fully: assembled -

-in - the: manner shown in Frgures 1.and:2. * Theinner.
“end of the barrel ‘member 47 is formed Wlth a smooth

thread:free " end 19, of sl1ghtly reduced extern'zl dlam--,'

" eter;. adapted to be received concentncally ‘within - an
inner’ thread:free; “¢ounterbored “end recess: 20 “of ‘the

barrel opening 16, thereby formmg therebetween a short-

annular end recess.” An-O fing21 is seated within the
. beforementioned “annular: end Tecess; betueen the sur=
" faces 19 and 20, in order to seal thé barrel member within
"‘the ‘barrel opening and to“preclude Jeaking of ‘any well
fluid -inwardly from between:the threaded portion: ‘of
“the gun ‘barrel opemng 16.and the external surface of
the barrel member 17.- “The barrel member 17 is formed
with a -concentric ‘barrel ‘bore 22 “of generally uniform
~inside diameter, ‘but having, at ‘the outer-or muzzle end
thereof; a’ short portion--of “slightly enlarged diameter,
forming a_shallow recess 23, having-an annular shoulder
24 Seatéd ‘within the “recess 23, and makrng sealing
enoagement agamst ‘the shoulder: 24, there is. provided
a seahnty disc25- for preventrng adrmssron of .well fluid
“ into.the barrel  bore. -
sealed-in -any sultable manner well ‘known' in' the -art;
and. may. be- formed of any: surtable material, such-as
brass  or steel, - In operation, when the- pronellent charge
is detonated and the bullet fired,” the “seal 25 is ejected
“from- the Tecess 23, ‘either as a unit’ ‘or - as fragments,
and forms: substantlally no obstacle to ‘the: dlscharge of
the bullet;
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fit," the outer ‘cylindrical ‘walls 34 f HET
33 of ‘the dlaphragm 30. The: ﬁnng charge comprisesa.. .
compressed molded or otherw1se consohdated oripellets

bore or recess 42 of strll smaller d1ameter is formed e
the inner:end: wall 43 of ‘the firing: charge chamber 40 .
‘“torreceive’ an 1gmter head ‘44 of the firing means fur-.~
“ther -referred to- ‘hereinafter: during - the:-final . loadmg
“.operation in the* field: = The *internal- diameter- of the'
bore: 41, formmg the s1de walls of “the" firing ‘charge.

chamber: 40; is such as to snugly ‘receive, by a hand press®

ized, tubular; shaped body of combustrble propellentfi

“.material- 45, formed with an‘ opening: or: passage 46

: extending centrally therethrough from end to-end.":The:

k - charge-body 45 s ‘surrounded -and-contained :
container sleeve or shell 47, -which may-be. composed of
suitable materral preferably :nonmetallic, such "as; “for i -

15

“7“tubing, ©The propellent charge body makes: a loose fit. - »
_[W1th1n the container sleeve 47, preferably. with a-sub- 7
20

“The disc’ 25 may ‘be seated and - ““propellént charge body ‘and fits within the ﬂange 340f

25

30

“The ‘well casing “or formatlon prercmg projectile “or

bullet: of the. present gun' unit-is-indicated - at 26, and
preferably comprises a - forward: piercing. nose pomon
27 of ‘substantially-conical -or ogival ‘form; ‘and a body
or rearward shank . portion 28, ,preferably of - uniform
diameter, -extendingfrom the ‘nose portion 27 to’ the
- transverse ‘rear end or butt 29, “The -bullet 26 is usually
“made ‘of hardened steel or. steel ]acketed in*a-manner
well ‘known in 'the 1ndustry 10 provrde adequate -casing

35

40.

+or “formation - plercmg -ability. “ While a bullet of -the

‘shape “here shown ‘is- mow believed -preferable. in’ the
present combination, it will be understood that the inven-

tion i -net limited to this-specific. -design -of bullet: -

‘Various types ‘of ‘nose formatlons and  shapes may’ be

-resorted “to as desrred -in dccordance with® ‘the “dictates

of-the partlcular perforatron operation: to ‘be performed
‘The bull_et 26 is mounted.-through a: central opening

45

formed -in -a -sedling plate or diaphragm 30, ‘and also ,'

through a -frusto-conical restraining annulus- 31
which engage ‘the cylindrical - midsection -of ‘the bullet

approx1mately rmdway between the forward end of ‘the -

noese. portion..27 and the butt 29. Whrle the plate 30
and the annulus 31 are here shown as ‘separate parts, they
may. bé integral.
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-

boih of

The -openings* through bothplate-3¢:
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tion to form a holding unit, from which the" bullet s

dislodged only upon firing of - the propelient: charge and
the building “up - of a sufficient “initial: pressure- "within
-the -charge chamber.

. wardly directed” annular flange or lip* 33, the outer face
34 of which is’ cylindrical -and.coaxial.‘with ‘the - disc
portion and centrally .contained” bullet, while: the ‘inner

-surface’ 35 s ‘slightly -taperedin a ‘rearwardly: dlvergmg'
direction, formmg thereby: a -frusto-conical “surface dis- -
posed at. opposite angularity to the’ rearwardly converg-:

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 diaméter reduced relatrve

~.to'that of threaded barrel 16 but un1form throughout its i
length. and extendmg concentncally inward - from the -

'1nnermost end of the barrel opening 16. A concentnc

60

The 'periphery- of the diaphragm -
30 ‘has-formed thereon -and. integral: therewith “a. redr-

65

=.and: quantrty of-a’given charge; so'that the ballistic char-
“‘acteristics and penetratmg ‘ability - of the' unit” may ‘e oo
‘varied by change in size: of the charge and: position of

“Thus; by change of ‘density of -

ithin® a
example; ‘a paper or cloth base; phenolic:impregnated *_»:

stantial- anmilar: clearance space between.: the: outside-

: surface of :the charge body -and’ the-'inside- surface of: :“ -‘_‘
The container ‘sleeve 47 preferably extendsbj

the sleeve: :
a short distance  forward :of ‘the ‘forward end of the. .

the diaphragm: 30, being: preferably glued ‘or cemented-‘_

or otherwrse Suitably secured jf coupling engagement"‘ .

within: the frusto-conical- inner surface thereof; as showné
at’48, . The rearward: end oof the cylmdrrcal charge body
is 1n1t1ally closed by an-impervious paper.or cloth seal=
ing" membrane -or ‘wafer 49; which' extends fully ‘across

the tearward .end of:the charge, and .is ‘secured by e
-'gluing ‘or cementing ‘its:'edges to the end marg1n of the- o
~container sleeve 47. The-central opening 46, extending . -

thfough' the .charge 45, ‘has an internal ‘diameter slightly

gréater thanthe external diameter of the cylindrical body, S
‘portion 28 of ‘the bullet 26. - “When the charge and bullet . &

are assembled the billet extends . within- the ' central

openlng 46 for ‘approximately one-half the length of the =07
,cyhndncal portlon 28 ‘of ‘the bullet 26;. which i§ here: *:7
shown' as- ‘approximately one-third “the length of the

charge 45, ‘In" this ~arrangement, it: will ‘also ‘be seen’

. that; as ‘assembled, the rearward-end ‘of the ‘annulus 31 :

is spaced from the forward end of the icharge 45.. Since

the cylmdncal propelient charge ‘assembly termmates at FE
“gach-end in_ plane, transverse surfaces, except for - the

chamfered, forward edge of ithe passage 46, it will be
noted :that an annular -air:or 'gas :space 51 is formed: -

between the :charge and the plate -30 surrounding the .

annulus-:31:. In the present ‘instance; the space 51 is
approximately equal- in: depth to.the thickness of the
annulus 31,

here ‘siggested ‘being only-by way: of example as: having...
been found - effective. and efficient 'in certain ‘perforating:
practices;
bly provides: the ‘combustion “clearance space. 51, and .
that such' space is .variable, depending upon-the. densrty”

the bullet: loading  unit.
a’ given quantity of charge, the: ballistic characteristics of
the -unit ‘may. -be - altered- somewhat- without change ‘in
the outer-dimension .of ‘the ‘charge .and bullet assembly,‘-‘

‘and without alteration : or ad]ustment of: the size and‘

-+ shape of the gun parts:’

70

‘out diréct contact w1th the charge

Itis also 1mportant to note that in the present assem-
bly, the bullet is retamed w1th1n the firing: chamber wrth-’
By virtue of the fact
that-the: rnaxrrnum bullet d1ameter is shghtly less than:

the minimum inside drameter ‘of. the opening 46 through‘ . L

the propellent charge body 45 ‘the; bullet - 26 is freely
mounted, therein.

er as. to press the‘j

f the annular flange =

‘The character size, density, and shape of :
the propellent charge -may; of course, be varied to suit'
varying ‘conditions and requirements, the ‘relationships:

It is important to note that'the present assemi- =

Thus should pressure accrdentally be o e
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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 38, 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 recarward 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 umit, 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

Safety, con--
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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 48,
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-

70

metrally opposite the barrel opening 16 and rounded at %5

: 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
lateral ‘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 stéms of
the igniters. ~ The assembled and wired nuts 62, washers
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61, and members 63, are then sealed within the ‘recesses
55 :preferably under tompression:or presSure applied by
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thie :seal ‘discs 64 :and ‘may thus be rétained in: such iposi- :

tion:through: repeatedﬁrlngs of-the gun.
The next step in ‘preparing:the: gun for operatxon prIor

to ‘loading -is :installing 'the igniters, which' ‘may ‘be-done

at-any time after the assembly of the wiring and the nuts
<62, -as ‘beforedescribéd. - Installation of ‘the :igniters - is
readily acco’mph"shed by inserting . :the stems. thereof

through the - passages 53; 54;:and threading the stem into

the nuts, -as :shown :at 62 by ‘which: the ‘heads’ 44 ~are
securely fastened w1thm‘the recesses 42 iof ‘the Afiring
chambers.” -As‘an incident 1o thus installing the igniters,

it fits within the ﬂange of ‘the dlaphragm 30, the remain- -
10

‘they are each electrically connected’ with-their individual

conductors, ‘which extend to the firing: control apparatus, .

as beforedescrlbed

Independently of -the fabrication and assembly of the
guin :proper, ‘the charge 45, bullet 26, plate 30, and an--

nulus 3L are preferably assembly within the container
sléeve 47 and sealed by the ‘sealing member 48 to form
" ‘a-guntoading unit. - Preferably, although:not necessarily,
‘the: charge 45 is ‘formed-and compressed within ‘the sleeve

47 and the ‘paper membrane ‘o seal 49 is ‘applied as be-.

forementioned; to. ‘seal one ©nd thereof.. In a separate
operation; the bullet 26 s press fitted through the central
apertures ‘of ‘the ‘disphragm -30and- annulus 31, which;
" as herembefore u'°gested may . be formed together. as

a smgle mtegral airiit “if “desired.. - Insecuring the ‘bullet..
“in the annulus 31 and the plate 30, it will be understood

that 'either ‘6r ‘Both, and preferably the annulus, grips the
bullet Wlth suﬁ‘lment force ‘to hold the same against-the
initial ipressure following ignition of the: propellant charge
to. ‘allow -the pressure. to build up behind ‘the bullet to
some: extent ‘before ‘the bullet is expélled ‘from ‘the barrel,
in ‘order to insuré ‘a maximum bullet velocity. “Mount-
ing “of -the ‘plate "and annulus divectly against ‘the rear
“eénd ‘of ‘the barrel ‘membér. ‘with the rear end portion:of
the bullet extendrng into ‘the charge chamber, ‘provides
an effecfive increase in ‘the barrel length :

“With ‘the bullet 26 .thus assembled with plate 30 and
restraining - annulus 31, and with the charge ‘45 mounted
iwithin its ‘container sleeve 47, the -forward -end. of the

-+ container: slegVe is ‘then’ placed within the flange 33 of
the plate ‘30 _and ‘s ‘sealed thereto ‘at 35, either by a press

fit “or ‘with -4 Suitible adhesive ‘or cement, ‘of the  like
: seahng nieans. as beforedescrlbed Thus, the plate -30
and ‘bllet 26 cooperaté with the contamer 47 -and its

20
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expand outwardly under the: force of ‘the ‘pressuré -of :

‘However, such outward expansion :of the shell container:
4T will: act to‘foree the contained margmal portlon ‘therei:
.-of ‘more’ tightly agdinst the inner surface:of ‘the ﬂange‘
33 and will thereby act'to: expand the flange’more firmly: .

“against the inner’surface of ‘the firing chamber bore 'to <

ficient force bemg apphed to rupture the sealmg wafer =i
49, thus-permitting ‘the’ opening 46 :of ‘the charge 45°to-

. be forced ‘over :the ‘head of the ignifer 44. = As-herein-

before noted, the “internal. diameter of: the: bore 41 of =
the charge. chambér 40-and- that of ‘the €xtérnal face 34

of the- flange 33.of ‘the. d1aphragm 30 is ‘such’as to pro--
vide: a snug fit-therebetween. - As indicated; the: ‘tubular’
container 47 is of uniform external diameter, and since: -

ing outer wall of ‘the tiibtilar .container 47 is loosely. con+ e
tained: withia: the: charge ¢hamber 40; and is thts: free to -7

the ‘propellent charge gases: upon “firing “of the  charge::

automatically increase the effectiveness of the 'seal there-
between and -around the periphery of ‘the ‘diaphragm-30. . i &
to prevent leakage -of gases from: the’ charge chamber to =

-the inner annular end portion of the barrel member 17
“Which surrourids the charge chamber,

- After ‘the loading unit has ‘been 1nserted n: the ﬁrmg e
chamber, the barrel, membér 17 is-threaded into'the bar:: . -
rel opening 16 and tlohtened into: place, ‘the barrel boré™
thereby being" positioned -about:the’ forward:end portlonf
27 of ‘the ‘bullet 26, and bemg securely sealed at the m—
ner'end of the O ring'21. : =

~While the assemibly of parts is’ preferably made 1n the .

* manrer heféin set forth, and in’the sequence indicated,” :

35
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"the- type:hereinbefore: described, the invention-is not
limited, ‘but obviously-includes the assembly ‘of :the ‘sep- =
‘arate components elther in the factory or m the field ‘if: -

it “will “be understood ‘that the invention i§ not restncted*, o
to 'stich ‘mannet of ‘assembly. : ‘For example;the complete s
gun, fully:loaded-and: ready for firing, ‘may be: prepared B

in the factory. While it is a feature of the invention to =
prov1de independent “and transportable loading ‘umits of =
50: .

desired. o

- After complete assembly, and with the ‘gun; lowered SR
into.thie ‘well bore or casing, the individual: gun Units may: -
be fired either simultaneously ‘or selectlvely, in: any de=riss

. 'sired sequence;.ir ‘any’ suitable manner well known in the ="

45

end seal 49 ‘to form a commplete bullet and charge load- o

ing vinit package, fully ‘sedled “and protected from-con-
tamination. ‘and “the elements, and. readily. transported
with. Telative safety, since- thie more easily lexploded ‘ig-
niting ‘element is not included “in the unit thus formed.

50

In thus forming the loading wunit, it will be-noted that

_the-volume or dens1ty of the propellent charge 45 rela-
“tive to. the air space prov1ded in the Joading unit‘and in
the surrounding charge chamber ‘of ‘the gun. unit, “may
be predetermined’ and ‘controlled; as well as the. restraining
- force between the bullet 26.and the ‘plate 30 and annulus

31. ‘Oné-of the important reasons.for control ‘of -these”

relations ‘between the ’charge -and clearance spaces-around
the- charge is to ‘allow for expansn‘m of ‘the charge body
due to.- temperature Tise “upon-lowering of the ‘gun pei-
" forator into a-‘deep well “boré hole where temperatures
are high. Al 6f such-factors may e ‘determined and
controlled in the manufacture and assembly of the 1oad-
© “ing unit. Tn ‘this manner, umformrty in operatlon of the
Lgun perforator in-the field is insured: Numerous varia-
fions ‘in the ballistic characterlstlcs of the Joading units
may thus.be ‘built intg- ‘thém in the factory, and the units
may- then He marked 50 2§ to permit selection-of ‘the- de—

gifed ‘ones ‘upon. 164ding of the. gun -at the ‘place ‘of use.

Tn:thée field, when the gun is to be used; one of the -
igniters ‘44, “which " 'may ‘be separately stored ‘and " trans-
-ported, is; T‘ﬁrsti'inserté“d and ‘scréwed ‘into ‘place,: and a.

- Toading unit fs’ then  placed in the firing chamber, suf-

58

- “sulated ‘conductor. contained ‘in cable 11; may. be located
60

:the barrel,

65

70
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“in “dotted: lines at-15. “Upon ignition iof ‘the propéllent

or-formation. - After ﬁrmg, the gun may-be: wrthdrawn

,from the ; gun body, _and snitable tools’ may be applled 0.

gun-perforating: art.  For example, the gun units' may be
fired -electrically by employlna an- electrlcally controlled
selector switch-of a ‘type ‘such as that disclosed in the
patent to - Johnson No.2;048:451. ~In us1ng a selector
switch 'of ‘this type, the separate conductors, shown at:58 i
in Figure: 11 of the beforementloned ‘patent. and leadmg" o
from -the several switch contact ‘points T therein, would -
cotrespond o or be connected to the: conductors shown
at 65,68, and 69, shown:in: Figure 2 ‘of the present ap-:

‘plication, leading to edch 'of 'the fusible resistance wires:

1nc01porated in each-of-the 1gn1t10n units 44, ‘Other firs = &
ing: control méans well known in the ‘art’ may obvroUSly"
be used in- the same:or similar: manier.". As: beforemen:
tioned; this firing control: apparatus connected ‘to ‘the in-

in the perforator: gun 2ssembly 10, in the posmon 'shown:

charge 45; pressure ‘will. rapidly ‘build up -in the charge -
chamber, tendmo to propel the bullet outwardly through : -
Such ‘outward movement of the bullet 26 is: =
initially restrained with ‘a predetermmed ‘holding ‘force. .=
applied by the gripping. action of ‘diaphragm 30-and ane
nulus 31, as beforementioned; until the accumulation.of . &
force behmd the-bullet desired for the required: ballistic’: .
efficiency and effectivenéss is reached; whereupon the bul= : '
let. will bé forced on through the diaphragm and annulus
and: will-be discharged-from-the ‘gun bore: with the ‘de-
sired muzzle velocity: for penetration’:of the ‘well casing

from 'the borehole theé “barrel member 17 unscrewed
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remove, by unscrewing, the empty igniter 44, after which
a new. igniter may be applied in the sathe 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 gun bar-
rel adjacent the charge chamber. In the present inven-

tion, the diaphragm 30 and annular ring 31 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 fiange, 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 cpening
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 gin 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
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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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sa1d d1aphragm means coax1ally into said: ﬁnng charge

chamber for a substantlal portion of the length-of 'said’ "~

bitet, ‘said bullet making a press fit ‘in $aid “¢entral’ open-

-ing suﬁ‘imently tight to delay initial movement’ of 'said
~ bullet- therefrom ‘inte said bullet bore: following. 1gn1t1on

of said ‘charge; ‘and ‘igniter ‘means“in " §aid firing: charge

chamber and positioned in ‘communication ‘with said. pas-

sagé ‘through said -propellent -charge ‘body; said ‘passage

being unobstructed intermediate said ignitef means and
_the rear end-portion of -said ‘bullet therein.

5. Ina‘perforating ‘gun: for ‘wells*having a body Iormed
With an-outer bullet bore, an inner ‘bore ef increased -diam-
stérirelative to that of sald bullet bore extending coaxially
inward- from ‘the inner end- of-said bullet bore and con-

“stituting -4 firing. ¢hargé ‘chamber;-the combination ‘of: ‘a7

bullet; a - tubular-shaped propellenf 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-

chamiber. bore, said diaphragm “being:formed with-a cen-
tral ‘opening, said ‘bullet ‘being siipported‘at an-intérmie-

" tentral opening; with said bullet being positioned with its

rear end”portion exposed: toand “extending from “said
diaphragm coaxially into said firing charge chafnber: for

10

“tioned coax1ally within saidfiring charge -chambet, said” .
“.said- buillet; said bullet making a press fit in “said central
. opening sufﬁmently tightto delay initial - movement ‘of:
20°

;tubular-shaped propellent ‘chargs “positioried coaxially: -

jacent the tear end of said*barrel, said diaphragm means

‘tion thereof through sald central ‘opening ‘and”said “bullet:

12

“and constltutmg a ﬁrmg charge cha.mber a barrel
‘threaded into said ‘barrel ‘opening -and” having a coaxial:
bullet bore therethrough, the combination of: a bullet; A

withiri “said ﬁnng charge: chamber, ‘said charge ‘having-a .

~passage extending axially therethrough fromend to end
“thereof-and havmg an external

meter “less-than the
internal . diameter of ‘said “firing charge chamber, trans-
verse diaphragm. mears located ;at the: junction of ‘said .-
outer ‘barrel ‘opening and ﬁrmg chiarge ‘chamber . bore: ad-_;,”

being formed:: entral ‘opening, with ‘said bullet .
being ‘supported ‘at: an ntermedxate relatlvely ‘short-sec-

,bemg posxtloned withits rear: end exposed to and’ ‘extend
ing from said diaphragm means. coaxially into said ﬁnng
charge chamber for a substaitial “portion of the length of .-

said bullet fromsaid central opening:into-said bullet. bore. g
followmg 1gnmon ‘of said charge; -and: combustxble igniter. =

S means: insaid’ ﬁrmg ¢harge chamber and posmoned w1thm
didte relatively short section thereof by. ‘means of said -

25

- ‘substantial pértion”of the. léngth ‘of ‘said 'bullet; a re--

straining:anhular member-separate ‘from said diaphragm-
““encircling and- gripping said bullét intermediate ‘the ends

thereof and’ positioried “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 inmitial-

movement ‘of said bullet therefrom into “said ‘bullet. bore

following ignition of said charge; and 1gn1ter means-in-said’

firing charge chamber. and:‘positioned ‘in communicas
tion “with -said passage through said “propellent charge.

body; "said “passage Being: unobstructed ‘intermediate said':

igniter medns ‘and- the said. rear.end portion of said bullet
therein Whe1eby said -igniter means is effective 'to ignite

“initially the inner-portion: of said propellent charge'in sa1d

passage.
6. In a-perforating gun ‘for ‘wheels havlm7 ‘a_body

formed ‘with ‘an outer barrel opening, an inner- bore 'of.

rediiced diaméter ‘relative to that of ‘said barrel opening
extending coax1ally inward “froni ‘the ‘inner- end of said
barrel opening and constituting a'fiting’ charge chamber; a

barrel  threaded - into: said “barrel -opening.and havmv A

coaxial ‘bullet bore. therethrough; the ‘combination of::a

'-belng unobstructed ‘intermediate said 1gn1ter means-and
-the ‘said rear end portlon ‘of said bullét ‘therein” ‘whereby = .
,saxd igniter means’is ‘effective-to 1°mte xnlnahy ‘the mner .

said passage through said propellent charge, said: :passage::

portlon of said propellent charge. in sald passage. - ‘
-8.In a ‘perforating gun: for wéils “having a body'’s +
formed with an ‘outer ‘barrel opening; an-inner-bore of i
réduced ‘diameter. Telative tothat of ‘said ‘bairel opening.
extendmg coax1ally 'inward ‘from ‘the inner end of said"
barrel”opening ‘and constituting™a ﬁrmg charge chamber, .+ =

~a barrel threaded into-said barrel opening and having a:

35
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bullet; a tubularishaped propelient “charge “body posi-

tioned coax1ally within “said - firing- charge ‘chiamber, ‘said’
propellent charae body having a passage extending axially

therethrough “from end to-end- thereof; transverse' dia-
phragm means located at the junctute of 'said outer barrel
“opening and’ firing charge chaniber bore adjacent:the rear
- end of said barrel, said dlaphragm ineans beitig ‘formed
with anopéning, wlth ‘said bullet bemg supported atania-

termedlate relatively ‘Short section~théreof. through said

—opemng and said bullet being’ positiotied: with ‘its rear end
exposed to and ‘éxtending from -Said. d1aphragm mieans
coaxially into said firing chdrge chamber for a substan-
tial poruon of the length of said bullet, said bullet making
-a'press fit in said opening sufficiently’ t1ght to-delay initial

- ~movement of said builet from said opening inte said bud-

let Bore foliowing 1gn1t10n of §aid. charge; and ‘combis-
tible igniter- means in said firing-charge chamber: and

50

- ‘and 'located ‘at an: intermediate ‘portion” of said passuge-

55
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“positioned within said passage through said propellent__ .
. charge . body, "said passage being unobstructed. . inter-.

mediste said igniter'means ‘and the said rear end portlon

of said ‘bullet ‘therein Whereby said 'igniter- means is ef--

fective to ignite 1mt1a11y the inner port1on of said ptopel-
Ient charge in ‘said passage.

70

7. Ina: perforatmg ‘gun for. wells’ hav1ng a body formed :

with*an oufer ‘bairel opening, an inner: bore 'ofiredaced
- ,dlameter ‘relative to'that of ‘said barrel opemu extendmg

éoax1ally mWard from' the inner end of said’ barrel openmg:

- extendmg from said dlaphragm means coaXlally intosaid- v
- firing “charge. ¢hamber ‘for “a ‘substantial portxou of ‘the i

- meént’of sald bullet ‘from ald_central opening into s d

: rcduced d1ameter» relatwe to

-said barrel opening and coust1tutm° a ﬁnno charge; cha

: charge havmg a4 passage: extendmg -axially: therethrough

coaxial -bullet ‘bore- therethrough, the ‘combination of-a
Bullet; a ‘tubular shaped propellent charge. ‘positioned cos"
aXially w1th1n ‘said ‘firing ‘¢harge -chamber; said charge
having a pasage extendmg ax1ally therethrough from end

toend thereof and having an externdl diameter:less-than
the -internal ' diameter - of said: firing " charge: chamber
transverse . dlaphragm means “Jocated :at’ the ]unctlon of
saidl outer barrel“opening and Hring ¢harge chambér bore
adjacent the rear énd of said ‘barrel sald dxaphragm means.
being formed ‘with' ar central opemng, ‘with. 'said’ bullet
being 'supported” at ‘an-intermediafe relatlvely short secs
tion' of said- bullet through’said- ‘central opening and said”
bullet: being posmoned with_ its ‘rear ‘end ‘exposed to and

length of sald bullet said bullet making a press fit in'said'
central ‘opening sufﬁc1ently *tlght “todelay- initial “move- "

bullet bore followmg 1gn1tlon ‘of said charge; “dnd 1gmte
means in'said firing' charge chamber and positioned withi

through'said: propellent charge body, said: passage being 1
unobstructed intermeédiate “said “igniter ‘means and- the: + 4
rear end of said bullet therem whereby sa1d Joruter means-
is- effective “to ignife’ 1n1t1ally the! 1ntermed1ate portlon of:’f '
$aid propellent charge in said passage e S
9. n ~q perforatlng ‘gun.. f‘ ‘Wells havmg a body
formed “with.an outer barrel opcnlng, an:inner:borfe of: :
at“of 'said: b'tnel open- L
from the inner end-of @

ber, a.barrel threaded:into said ‘barrel: opemnﬂ andhave
ing:a’ coax1al bullet ‘bore therethrough, the combmatxon Fe
of: a’bullet;: a- tubular—shaped ‘propellent- ¢harge p .
tioned - coax1ally ‘with said - fiting chafge: chamber, said.

from “end -to ‘end ‘thereof ‘and: havmg an: external diam-
eter less than the mternal i firi ‘

gm
mg, ‘wnh sald bullet bemg suppo ed at an 1ntermed1 te
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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 inte 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-
nition 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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tral opening and positioned with the rear eund portion
thereof exposed to and extending from said diaphragm
couxially 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 anoular 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 bullet bore
and constituting a firing charge chamber, the combina-
tion of: a tubular-shaped propellent charge body posi-
tioned coaxiaily within said firing charge chamber, said
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 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 eads
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-
nition 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 inmer portion of said
propellent charge in said passage.
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