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1

This invention relates to well perforating and
particularly to improved perforating devices of
the so-called “jet” type in which a hollowed ex-
plosive charge is employed to effect perforation
of a well wall.

Jet perforating as heretofore practiced, has
given rise to several troublesome problems re-
sulting from the formation and accumulation in
the well of so-called “junk” produced by the dis-
integration of the casings which enclose the ex-
plosive charges and of the carriers employed to
suppert the charges which are normally mounted
thereon in groups for insertion in a well and are
generally fired simultaneously. The quantities
of junk produced with the more conventional
types of perforating units and carriers is often
sufficient to plug the perforations or otherwise
seriously interfere with the free entrance of earth
formation fluids into the well bore. In instances
where the perforating units may be mounted in
a heavy cylindrical steel carrier body which is
intended to be withdrawn from the well, the junk
formed may become lodged between the carrier
body and the well wall and cause the carrier to
become stuck in the well bore.
ploying steel carrier bodies, the forces released
upon detonation of the charges may be such as to
damage the carrier body to such an extent that
it may not be re-used or used only a few times
before it must be discarded. As these steel car-
rier bodies are normally relatively expensive to
construct, too frequent replacement thereof may
render this type of operation relatively uneco-
nomic.

The present invention has for its principal oh-
Jjects the provision of an improved form of per-
forating unit which produces 2 minimurm amount
of "detritus or “junk” when the explosive charge
is detonated, and which may be employed with
either a disintegrable type of carrier or with one
which is to be recovered for re-use,

An important object is the provision of a per-
forating unit which is completely self-contained
and fully sealed against the entrance of ex-
traneous fluids, whereby the units may be
mounted in widely varying forms of carriers,
without affecting the perforating efficiency there-
of.

A more specific object is the provision of a jeb
type explosive unit which is enclosed in a sealed
casing constructed of glass material of a type
which will be fully disintegrated, as to a fine
powder, by detonation of the contained exp‘losive
charge.

In accordance with an llustrative embodiment
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of this invention, the improved perforating unit
comprises the combination of a hollow casing
constructed of glass material and having a bore
of generally frusto-conical form, a detonating-
type explosive charge generally similar in shape
to the bore of the casing enclosed within the
casing and having a generally conical hollow in
the end directed toward the open end of the cas-
ing, a thin metallie liner corresponding in shape
to the charge hollow and seated therein, and a
domed cover of glass material for closing the
open end of the casing and sealed thereto with a
suitable cement. The glass material employed
in the casing and cover may be a special so-called
“tempered” type which is adapted to disintegrate
into a fine powder when subjected to the detona-
tion of the explosive charge. The explosive
charge may be enclosed within a hollow plastic
insert before insertion in the casing.

Other and more specific objects and advan-
tages of this invention will become readily ap-
parent from the following detailed description
when read in coniunction with the accompanying
drawings which illustrate useful embodiments in
accordance with this invention.

In the drawings:

Fig. 1 is a cross-sectional view of a perforating
unit in accordance with one embodiment of this
invention;

Fig. 2 is an exterior view of the perforating
unit turned through 90° from the position illus-
trated in PFig. 1, and having a portion thereof
broken away for purposes of better illustration;

Fig. 3 is an exploded view of the prineipal por=
tions of the perforating unit;

Figs. 4 and b5, together, comprise a longitudinal
side view, partly in section, showing a group of
perforating units mounted on an open type of
carrier;

Fig. 6 is an end view of a portion of the car-
rier shown in Figs. 4 and 5;

Fig. 7 is a view, partly in section, of a portion
of steel carrier showing the manner in which the
perforating units may be mounted therein;

Fig. 8 is a partial, generally elevational, view
showing the manner in which carriers of the
types shown in Figs. 4 and 7 may be combined
for supporting perforating units in aecordance
with this invention;

PFig. 9 is a longitudinal section view of a per-
forating unif in accordance with another em-
bodiment of this invention;

Fig. 10 is a sectional view illustrating still an-
other embodiment of the perforating unit ac-
cording to this invention;
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Fig. 11 is a sectional view of another modifica~
tion of the charge liner; )

Fig. 12 is a plan view, partly in section, illus-
trating still another embodiment of a perforating
unit in acecordance with this invention;

Pigs. 13 and 14 are front and rear end eleva-
tions respectively, of the embodiment illustrated
in Pig. 12;

Fig. 15 is a longitudinal view, partly in section,
of the upper portion of another form of carrier
for mounting perforating units of the form shown
in Fig, 12; and

Fig. 16 is a longitudinal view, partly in section,
of the lower portion of the carrier illustrated in
Fig. 15 but turned through 90° with respect to the
upper portion shown in Fig. 15.

Referring first to Figs. 1 to 3, inclusive, there is
shown a perforating unit P in accordance with
one embodiment of this invention which includes
3, casing (90 constructed of a glass material and
formed in a generally frusto-conical shape. ‘' The
-term “glass material” as employed herein, is in-
tended to include not only glass of the ordinary
and well known types, but also various ceramic
‘materials, which when baked or fired produce a
rigid but highly frangible body. Casing {9 has
& bore {1, also of generally frusto-conical shape,
which is open at its wider end and closed by
means of an end wall 12 at its smaller end. End
wall £2 is made slightly concave, having a slight
degree of curvature in two directions at right
angles to each other, as will be seen in Figs. 1
and 2 particularly. The exterior of end wall 12
has molded therein a pair of spaced-apart pro-
jections 13—I3 defining a recess 14 extending
transversely across the center of the rear end of
the container, and provided with an inwardly
curved bottom {5 which also has a degree of con-
vex curvature along the longitudinal axis of the
recess. The wall of casing 0 is provided with
externally thickened portion 16 and an annular
flange 17 for reinforcing the container and to pro-
vide shoulders for mounting the casing in suit-
able carriers as will be hereinafter described. The
slope of bore 1! is preferably reduceq slightly ad-
jacent its forward portion, as at 18.

A dome-shaped cover 19, also of glass material,
having a generally hemispherical cavity 20 is
provided to close the open end of casing {0 and
has its annular end margin 2 made to some-
what thickness than the adjacent end of the
casing to thereby provide an internal annular
shoulder 22 which extends inwardly toward the
axis of the casing, and is also provided with an
external annular flange 23 to annularly reinforce
the margin of the cover. A plurality of spaced
outwardly extending projections 24 may be mold-
ed in the forward end of the cover as shown. The
engaging margins of casing t0 and cover 19 are
preferably ground to provide a very close fit be-
tween these members angd are adapted to be con-
nected together by means of a thin layer of any
suitable strong water proof adhesive material 25
which will serve to effectively seal the joint and
hold the cover on the casing under the high
pressures to which the unit may be subjecied in
use.

One material from which container {0 and cover
18 may be constructed is a glass material of the
type commonly referred to as “tempered glass”
manufactured by Corning Glass Works, Corning,
N. Y. This type of glass has very high crushing
strength but has the unique property that when
subjected to vibrations of pre-determined: fre-
quency, it will completely disintegrate to a fine
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crystalline powder, as contrasted with the rela-
tively large irregular pieces into which ordinary
types of glass will break. The disintegration fre-
quency of this type of glass may be varied in ac~
cordatice with the tempering conditions. The
detonation of an explosive is ordinarily a wave
or vibratory phenomenon, and the frequency of
the vibration will depend upon the character of
the particular explosives. Accordingly, it is found
to be possible to matech the disintegration fre-
qguency of the glass to that of the particular ex-
plosive material which is to be enclosed in the
glass casing, so that the casing will always dis-
integrate to the desired fine powder upon detona-
tion of the charge and thereby assure the ab-
sence of relatively large particles of detritus in
the well. Generally speaking, however, it is found
that most glass and ceramic materials will disin-
tegrate to a relatively fine state at the vibration
frequencies of the shock waves produced by the
explosive charges of the kind herein confem-
plated.

A hollow insert 26, preferably constructed of a
rigid synthetic plastic material, is made in a gen-
erally frusto-conical shape adapted to fit snugly
in bore If of the easing. The inner end of insert
26 is provided with an end wall 27 through which
an axial opening 28 is provided. Insert 26 is
formed with a straight or cylindrical forward end
portion 29 which is dimensioned to terminate at
a point flush with the forward end of casing 19
so as to be in engagement with shoulder 22 of
the cover when the latter is puf in place over
the end of the casing. Since portion 18 of the
casing slopes toward the axis of the unit, while
forward end portion 29 of the insert is straight or
cylindrical, a narrow air space 32 is thereby pro-
vided between these portions which functions to
reduce or absorb the radial explosive forces from
this end of the unit on the adjacent portions of
the carriers in which the perforating unit may
be mounted and thereby helps to protect the ad-
jacent portions of the carrier from damage from
the explosion of the charge. This is particularly
useful in the case where the perforating units
are mounted in solid metal type carriers which
are to be recovered for re-use.

The interior of insert 26 is filled with a charge
of a suitable explosive material 31 which is adapt-
ed t0 extend through opening 28 into contact with
the inner surface of end wall 12. The portion
32 of the explosive material which lies within
opening 28 and extends into contact with end
wall 12 may be of a more sensitive character
than the main body of the charge to serve as a
booster therefor. Portion 32 may be a different
type of explosive material or may be the same
explosive material but pressed to a different de-
gree of density than the main body of the charge
so as to increase its sensitivity relative to that of
the main body of the charge.

Explosive material 31 and booster 32 are high-
brisance explosive materials, such as pentaery-
thritol tetranitrate (PETN), tetryl, pentolite
(50% PETN and 50% TNT), trinitrotoluene
(TNT), amatol, cyclonite, tetrytol (60% tetryl
and 40% TNT), and other well known detonating
chemicals.

The end of the explosive material directed to-
ward the open end of the insert is provided with
an outwardly opening generally conical hollow
33, the apex of which is preferably rounded, as
at 34, and lies on the longitudinal axis of the
unit. A coniecal liner 35, having a generally com-
plementary shape to that of hollow 38, and with
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its. apex portion rounded fo complement the
shape of apex 34 of the hollow, is seated in the
hollow and pressed snugly against the wall there-
of. The apex angle of hollow 33 (and of liner
38) will usually be an angle of from about 40°
to about 100° depending on the character of the
jet desired. Liner 35 is ordinarily constructed
of thin metal, preferably copper, having g thick-
ness dimension depending upon the dimensions
and character of the explosive and the jet char-
acteristics sought. This thickness dimension will
ordinarily range from about 0.915 to about 0.140
inch for various sizes of perforating units and
may be uniform throughout the liner or may taper
from a somewhat thinner section at the apex to
a somewhat thicker section at the base end of

the liner,-as illustrated at 35¢ in Fig.-16 and in-

Fig. 11. This tapered shape is particularly effec-
tive for assuring complete disintegration of the
liner and more perfect jet formation, resulting
in greater penetrative efficiency and superiocr hole
formation. - The length of liner 35 is dimensioned
so that when snugly inserted in hollow 33 its
outer end will be flush with the outer ends of
insert 26 and casing {0 and will also ke in contact
with shoulder 22 when cover {2 is put in place
on the end of the casing. Cavity 23 in cover (2
provides the so-called “stand-off” space forming
a. forward extension of the hollow in the end of
the charge in which convergence of the explosive
gases into jet or narrow columns formed by the
shape of hollow 33 and liner 35 may take place
without interference by extrancous materials.

The perforating unit may be assembled in any
suitable and convenient manner. If insert 25 is
to be employed, the requisite quantity of explosive
material, ordinarily in plastic or powder form.,
may be introduced into the insert, and pressed
into place using liner 3% as the pressing die to
thereby simultaneously form hollow 33 and in-
sert the liner. Booster explosive 32 may be sepa-
rately inserted in advance of the main body of
explosive material or may be a portion of the
main charge itself; this portion being compressed
to a somewhat different densify than the re-
mainder of the charge to give it a different degree
of detonating sensitivity. The insert now con-
taining the explosive and fitted with liner 35 may
be inserted as a unit into the casing. A film of
sealing adhesive 25 is then applied to the en-
gaging ends of casing {? and cover {8 and the
cover is then applied and kept in piace until the
adhesive is set, either by air-drying, thermo-
setting, or the like, depending on the naturs of
the particular adhesive used. Cther known meth-
ods. of hermetically sealing the casing may he
employed.

If desired, insert 28 may be eliminated, in which
case the explosive charge may bhe pre-molded ta
the desired shape and inserted cirectly into the
casing as illustrated in Fig. 10.

‘When assembled in the mannsr deseribed, the
perforating unit, constructed in the form set
forth, will be completely leak-proof and capable
of withstanding external pressures of several
thousand pounds, so that it may be installed in
a well hore at any desired depth and immersed
in fluids under very high hydrostatic pressures.
without damage prior to being set off. The de-
scribed construction permits the perforating units
to be completely assembled st an appropriate
assembly point and handled and shipped to wide-
ly distributed points of use without danger and
in condition to be installed in whasever typz of
carrier it is desired to use at a particular location.
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Since it is hermetically sealed, the perforating
unit may be stored for long periods of time with-
out danger of deterioration of the explosive.

To set-off the perforating unit a strip of flex-
ible detonating cord 36, such as the well-known
“Prima Cord,” is led through recess {4 and held
in close contact against bottom I3 thereof, the
detonating force resulting from detonation of
cord 3§ being transmitted through end wall 12
to the booster explosive 32 and thence to the
main explosive charge 3f and being thereby ap-
plied on the longitudinal axis of the perforating
unit and at ifs rear end. The detonating cord
will normally have a strong water proof cover-
ing so that it will withstand any fluid to whicly
it may be exposed in the well without affecting
its explosive properties. By means-of the de-
scribed construction whereby the perforating unit
is constructed as a fully self-contained, sealed
structure, and by providing the external recess
14 on the end of the casing, the detonating cord
may be apblied externally. This greatly simplifies
the final assembly at the well and permits mount-
ing of a plurality of perforating units on any
open-type carrier, which; may be of extremely
simple design, since it is only necessary to provide
any convenient form of carrier which will sup-
port the units in the desired spacing or orienta-
tion arrangement, and since it is unnecessary
to protect the exterior of the units or detonating
cord against exposure to fluid. The defonating
cord is then threaded through or over the sup-
porting carrier frame in any convenient manner
as it passes from one unit to another.

As the detonating cord 36 is applied externally
to the perforating units, it is important that the
thickness dimension of end wall 2 be held within
suitable Hmits which will permit effective trans-
mission of the detonating shock from the detonat-
ing cord to the end of the explosive charge. This
thickness dimension for glass materials of the
types herein described will ordinarily be between
about one-eighth of an inch and akout cne-
fourth of an inch for the various sizes of per-
forating units used in wells.

Figs. 4, 5 and 6 illustrate one form of carrier
which may be employed to support a plurality of
perforating units and to lower them into a well.
In this embodiment the carrier comprises a pair
of narrow flat metal strips 40, constructed pref-
erahly of any metallic material which is adapted
to shatter and disintegrate into relatively small
prieces under the forces accompanying detonation
of the explosive charges. Various aluminum and
magnesium alloys having the desired shattering
properties are available, The strips are fastened
together at longitudinally spaced points by suit-
able fastening means 4, such as rivets or screws,
and. the intervening sections of the strips are
spread apart and shaped te form circular sockets
42 into each of which one of the perforating units
is inserted, as illustrated particularly in Fig. 4,
flange (T serving as a stop to prevent the unit
from slipping entirely through the socket. Each
of the units may be held in place in any suitable
manner, as hy means of a wire 43 which encircles
the casing in front of flange {7 and then is wound
ahout strips 40 above and below the socket. A
strip of detonating cord 26 is then strung longi-
tudinally of the carrier, being inserted succes-
sively into recesses 14 of the several units mount-
ed on the carrier. The portion of the detonating
cord lying in the recesses is held firmly in place
by winding friction tape 44 lengthwise about each
unit, as illustrated in Fig. 4, the tape also en-
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circling the exterior of the sockets to thereby
additionally assist in holding the units in place.
Tt will be understood that any other suitable and
generally conventional means may be employed
to hold the units in place on the carrier. The
Jjower end of the detonating cord is enclosed in a
suitable receptacle 45, passing through a screw
cover 46 for the receptacle, and terminating in a
square knot 86 which is embedded in a suitable
water-repeliant grease 47 or similar plastic ma-
terial which is insoluble in the fluids which may
be present in the well, and which is adapted to
seal the free end of the detonating cord against
intrusion. of such fluids. The receptacle may be
fastened to the carrier in any convenient man-
ner. A weighting member 48 may be suspended
from the lower end of the carrier, as shown, to
apply sufficient weight thereto to assure ready
sinking of the carrier through fluids which may
be present in the well bore.

The upper end of the carrier is connected to a
firing head, designated generally by the numeral
49, which includes a lower member 50, provided
with an infernally threaded socket 5i, and an
upper member 52 having an externally threaded
pin 83 adapted to be screwed into the socket.
Lower member 58 is provided with upwardly ex-
tending slots 54 along its opposite sides into
which the upper ends of strips 40 are inserted and
fastened thereto by means of studs 58. The bot~
tom of socket 51 is bored out to form a receptacle
58 which is connected by an axial passageway 37
which extends to the lower end of lower member
58. The upper end of detonating cord 26 is
threaded through passagewsay 371 and a square
knot 58 is formed therein o hold the end of the
cord in place in receptacle 586.

Upper member 52 has an axial bore 88 which,
at the lower end of pin §3, is enlarged to receive
the upper end of a tubular capsule 80 having a
hore Bi closed at its lower end. The latter pro-
trudes from pin 53 so that when the pin ‘is
serewed into socket Bi the closed lower end of
capsule 68 will be placed in compressive contact
with knot 48 in the end of the detonating cord.
The lower end of socket 51 and receptacle 56 will
pe packed with a suitable water repellant grease
82, which, when pin 53 is screwed into the socket,

will be packed tightly about knot 48 and into |,

passageway 57 about detonating cord 3§. This
grease forms a plastic seal for the upper end of
the detonating cord which will prevent the en-
trance of fluid into the interior of the firing head
and thus protect the open end of the detonating
cord from the deleterious effects of such fluid.
At the same time, due to its plastic nature, the
grease will transmit the external pressure to the
knotted end of the detonating cord, thereby in-
creasing its density in accordance with the mag-
nitude of the external pressure. The greater the
density of the explosive material forming the
core of the detonating cord, the greater will be
the velocity of the detonation therecf. Therefore,
by providing a plastic seal of the kind described
for the end of the detonating cord, the detonat-
ing eficiency of the cord will be increased with
increasing external pressures, while serving as an
efficient flexible seal to prevent entrance of ex-
ternal fiuids into the firing head.

An electrically fired explosive initiator cap 83,
of suitable and generally conventional type, ex-
tends into the bore 61 of capsule 60, and a small
pellet of a suitable booster explosive 64 may be
inserted in the bottom of bore 6i below the end
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of cap 63 to increase the intensity of the initiat-
ing shock to he transmitted from cap 63 to knot
%8 in the end of the detonating cord. The upper
end of bore 59 is enlarged and threaded inter-
nally at 65 to receive a threaded pin member 66
which is connected to a cable 67 which is em-
ployed to lower the perforating device into a well.
An electrical conductor 68 is enclosed within
cable 6T and is connected in -a generally conven-
tional manner to an electrical contact assembly
89 which is mounted in the lower end of pin
member 66 and which is connected in a generally
conventional manner by means of a pair of cur-
rent conducting wires 70 to cap 63.

A plurality (only one shown) of upwardly and
outwardly extending flexible fingers Ti may be
mounted about the exterior of the firing head for
use in positioning the perforating device in a well
hore in a manner well known in this art.

The perforating device, assembled as illus-
trated particularly in Figs. 4, 5 and 6, will be
lowered into a well bore on cable 67 to the de-
sired position at which the well wall is to be
perforated and firing current transmitted
through conductor 68 to cap 63 which will be set
off, thereby setting off detonating cord 38. The
detonating wave will travel through the detonat-
ing cord and will successively set-off the explosive
charges in the perforating units P. As will be
understood, the detonating wave travels at such
high velocity, that, for all practical purposes,
all of the units will be detonated substantially
simultaneously, and each will produce an ex-
tremely high-powered gaseous jet which will be
directed against the well wall to produce the de-
sired perforations therein. As noted previous-
ly, the frequency of the detonating wave
produced in each of the perforating units will
cause the respective glass material casings to dis-
integrate completely into a fine powder while
the carrier comprising strips 44 will likewise be
completely shattered into small pieces. None of
this so-called “junk” will be sufficiently bulky
to plug the perforations or the well bore and
may easily be washed out of the well if found
desirable., The firing head will normally not be
damaged and may be withdrawn from the well
for replacement of the initiating elements and
attachment of a new carrier supporting a new
set of perforating units.

Fig. 7 illustrates an arrangement wherein the
perforating units P may be mounted in another
type of carrier which comprises a solid cylin-
drical steel body 75 provided with a plurality of
sockets 18 in which perforating units may be
inserted. An axial bore 77 extends through the
body and communicates successively with sockets
76. The upper end of body 15 is provided with
an internally threaded box 78 to receive pin
member 53 of the upper member 52 of firing
head 48. In assembling the device, the detonat-
ing cord 38, having knot §8 in its upper end, is
threaded downwardly through bore 77 passing
successively through each of the sockets 75. As

5 each perforating unit is inserted in its socket

16, it is rotated so that recess 14 will register
with the portion of the detonating cord passing
through the socket, the cord being thereby snug-
ly seated in the recess as the perforating unit
is fully inserted. The perforating unit is held
in place by any suitable fastening means such
as a wire 19 which is streiched transversely
across the outer end of cover 19 between projec-
tions 24. The opposite ends of wire 79 are ex-
tended through lateral openings 88—80 which
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communicate with opposite sides of the forward
end of socket 16 and extend to the exterior of
the body, the outer ends of the wire being turned
over ‘the edges of the oufer ends of openings 80,
as illustrdted, to thereby hold the ‘perforating
anit in place in the socket. Pin 53 is equipped
with initiator cap 63 and its associated ‘elements
as in ‘the previously described embodiment, and
the bottom of socket T8 is packed with grease
62 which sedls and protects the end of the
detonating ‘cord -and ‘the upper end of passage-
way 171 in the same manner and for the same
purposes ‘as described “in connection with the
previous embodiment.

With the drrangement -described, it will be
seen that by -using ‘the sealed, ‘self<contained
perforating units 'in &ccordance with this ihven-
tion, careful ‘machining of ‘the ody and close
tolerances .in the ‘sockets 76 ‘become unneces-
sary, thereby greatly reducing ‘the-cost of manu-
facture of ‘solid -c¢arriers -of this ‘type, -and
permitting their repeated re-use many times.

Fig. 8 illustirates still ‘another carrier arrange-
ment in ‘which the steel ‘bodied -carrier of Fig.
7.may be combined with-an opentype carrier of
the ‘type illustrated in Figs. 4, 5and 6. The con-
nection between the two types of ‘carriers is made
by means of a threaded pin ‘member ‘81 which
is adapted to serew -imto ‘socket 51. 'The lower
end of the section of ‘detonating cord 36 passing
through body 15 'is provided ‘with a square knot
82 which “is ‘adapted to -compressively engage
knot 58 in the ‘upper ‘end ‘of the cord section
extending into socket 52 from the lower carrier.
The contacting knots will ‘be packed in grease
in the manner previously described. “The detona-
tion wave  will pass through the .section of
detonating cord in body 15 and -will then pass
through the contacting knots 82 and 58 to the
perforating units in the lower carrier. All the
perforating units ‘in “both carriers will thus be

set off ‘successively and substantially simultane-

ously.

It will be understood that numerous other ar-
rangements and carrier-designs may be-employed
to support the perforating units in accordance
avith this invention,

Fig. 9 illustrates a:somewhat modified form of
-perforating unit in which the cone angle of the
conical portion 28a .of insert 26 is-made some-
what greater -than that .of .the inner .portion
of ‘bore 41 with the result -that.an air space
85 “is ‘provided between :these .portions. This
medified type of unit is particularly adapted for
mounting in solid-type carriers, of the kind illus-
trated.in Fig. 7,28 it-is.found that the provision
of gir spaces-85 and :30 .function to:reduce the
radial forces emanating  from .the .explosive
charge. These air spaces appear fo-act as shock
absorbers and thereby greatly reduce the possi-
Jbility ‘of damage to the -enclosing -socket walls
and “éonsequently serve to greatly increase the
useful life of the solid types of carriers.

Fig. 10 illustrates an embodiment, adverted to
previously, in which insert. 26.1s eliminated. This
.airangément is.particularly adapted for use with
relatively -large-sized “charges- of -explosives. In
this émbodiment, the body: 31¢ of the explosive
material -is ‘premolded to 'the desired-generally
frusto-conical shape ‘and: provided -at its.apex
end with a cavity 3ib for the reception of a suit-
ably shaped body of a booster explosive 32b.
Casing {0a is made somewhat shorter than ex-
plosive body 8la so that the hollowed end of the
latter protrudes a corresponding amount from
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the open end of the casing. Cap 1% is made
proportionately longer so :as to :surround the
protruding end of the explosive body and is coun-
terbored to provide an internal shoulder 22a
against which the hollowed end of the charge
body and inserted liner 35 will abut when the
cap is put in place over the :end of the charge.
Shoulder 22¢ iis spaced from the closed outer end
of the cap at the -appropriate distance to pro-
vide the desired stand-off space inside cap 19a.

The radial dimensions of body 3ta are made
somewhat smaller throughout its length than the
bore af casing 49a¢ and ‘the counterbored portion
of cap 1% to provide :an annular air-space §5a
-about ‘the -entire length -of the explosive body
which, -as noted previously, will serve to cushion
the lateral foreces emanating from the -explosive.
A-suitable spacer-8% may be provided about body
31a to maintain it ‘in -ecncentric.position within
‘the casing. Spacer-86:msy be of-any suitable ma-
terial, such as tape, -plastic :material, or most
conveniently, ‘merely -an excess of the adhesive
material 25 whieh 'is employed ‘fo cement the cap
to the casing and is allowed to run into the in-
terior of the ‘casing -around the explosive body
3la.

Fig. ‘11 illustrates 'the ‘previously mentioned
tapered liner -construction ‘in .which the wall
thickness is reduced toward the apex. It will be
understood ‘that -this ‘tapered -type ‘liner may he
employed in any of the several embodiments of
perforating units ‘previously deseribed. It will
‘also be understood-that-the degree of taper may
be wvaried for -various thicknesses and sizes of
liner-and for-various materials of which:the liner
may be-constructed. “In:general, the reduction
in wall thickness:in-the.apex portion of:the liner
will range irom-gbout+10:to 75% -of -the:thickness
of the-liner-at its base end.

Figs. 12,13 -and 14 llustrate still another-form
-of perforating unit “in :which -casing -10 :has in-
‘tegrally formied: therewith -a laterally extending
flange 99 -which .extends :about the -sides -and
the rear end. of ‘the casing.in-the:central plane

= 'of the-unit. Perforations 91{—91 are .provided

“in ‘flange §8- on opposite sides-of-casing -18-and a
‘perforation- 92 :is formed in:the rear portion of
‘the flange:adjacent the exterior.cf end wall {2
thereof, being designed to serve the same func-
fionas:recess 14 -of :the previously described em-
bodiments, that: is, to;receive detonating cord 36.
The body. of the unit: and:the explosive .assem-
‘bly: eontained therein is:otherwise-of -exactly the
‘same form-.as in the:previously -described em-
‘bodiments.

“Fig. '15 illustrates:a:form of open-frame type
‘carrier -which-may ‘be -employed for mounting a
plurality of.perforating. units: of the form illys-
trated -in Fig. :12. ~This "form of - carrier com-
prises -a -pair-of :cylindrical rods ;92—93 which
are adapted to.slip: through perforations .9i—9i
-of the perforating umnits. ‘The-desired number of
the latter may ‘thusibe cslipped suecessively. on
rods’ 83 ‘and may-be ispaced -apart-on the rods
by ‘means -of tubular spacer: sieeves §4. Spacer
sleeves 84 may:- be made-6f:any desired-length to
provide the desired -degree:¢i ~spacing. between

‘the perforating wunits. -Alternate -perforating

units ‘may face in.opposite directions-as illus-
trated, or may-all-'face.in the:same: direction-or
‘may-be arranged-in-any- other grouping desived.
The lower ends of rods 98—53 are connected to
a nose piece 25 and the upper ends are connected
to a top head 86 which corresponds generally
1o lower member 89 of the firing head illustrated
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in Fig. 4. The detonating cord 36 coming through
head 96 is threaded successively through perfo-
rations 92 of the several perforating units and
its lower end is fastened into nose piece 95 in
any suitable manner.

With this carrier construction, when firing
of the perforating units ocecurs, the casings are
completely shattered but the carrier frame, in-

cluding rods 93, spacer sleeves 94, nose piece 95

and head 96, will not be shattered and may be
withdrawn as a whole from the well.

It will be understood that numerous other
forms of carriers may be employed for mount-
ing the several embodiments of perforating units
herein illustrated and described. The carriers
may be of the open or solid type and in the
latter type, the carrier body may be constructed
of solid metal or monolithic cementitious or
ceramic or glass material which will -be com-
pletely disintegrated by detonation of the perfo-
rating units. Such a solid, disintegrable car-
rier body is deseribed in my co-pending applica-
tion Serial No. 33,062, filed June 15, 1948.

Tt will be understood that various changes and
alterations may be made in the details of this
invention within the scope of the appended claims
but without departing from the spirit of this
invention.

What I claim and desire to secure by Letters
Patent is: : ,

1. An explosive perforating unit, comprising,
a hollow casing composed of imperforate glass
material and hermetically sealed, a body of &
detonating explosive enclosed within said cas-

ing, said body having a generally conical hollow 3

in one end thereof spaced from one end wall of
said casing and said body having its other end
in contact with the opposite end wall of said
casing, and a thin metallic liner having a shape
corresponding to said hollow seated therein, said
glass material transmitting detonating shock at
high order from the exterior of said casing
through the glass material of said opposite end
wall directly to said body to obtain substantially
complete high order detonation of said body to
produce an effective perforating jet and with
substantially complete disintegration of said
casing.

9. An explosive perforating unit according to
claim 1 wherein the wall thickness of said liner
is rdeuced from its base end toward its apex.

3. An explosive perforating unit according to
claim 1 wherein said glass material is char-
acterized by a property of substantially com-

plete disintegration at a vibration frequency cor- *

responding to that of the shock wave generated
by detonation of said explosive body.

4. An explosive perforating unit as defined by
claim 1 in which said body of detonating ex-
plosive includes a booster explosive portion in
contact with said opposite end wall of said casing.

5. An explosive perforating unit as defined by
elaim 1 having in combination therewith a de-
tonating means arranged entirely externally of
said casing and in contact with the exterior sur-
face of said opposite end wall.

6. An explosive perforating unit, comprising,
a hollow two-piece casing composed of imperfo-
rate glass material and hermetically sealed, a
body of a detonating explosive enclosed within
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said casing, said body having & generally conical
hollow in one end thereof spaced from one end
wall of said casing and said body having its other
end in contact with the opposite end wall of
said casing, a thin metallic liner having a shape
corresponding to said hollow seated therein, a
container composed of rigid plastic material an-
nularly confining said body, said body being det-
onatable by detonating shock transmitted from
the exterior of said casing through the glass
material composing said opposite end wall.

7. An explosive perforating unit, comprising,
a hollow two-piece casing composed of imperfo-
rate glass material and hermetically sealed, a
body of a detonating explosive enclosed within
said ecasing, said body having a generally conical
hollow in one end thereof spaced from one end
wall of said casing and said body having its
other end in contact with the opposite end wall
of said casing, a thin metallic liner having a
shape corresponding to said hollow seated
therein, an annular air space between the sides
of said body and the surrounding casing, and a
container composed of rigid plastic material an-

; nularly confining said body, said body being det-

onatable by detonating shock transmitied from
the exterior of said casing through the glass
material composing said opposite end wall.

8. An explosive perforating unit as defined in
claim 1 in which said glass casing is coraposed
of two pieces sealingly adhered together.

WILLIAM G. SWEETMAN.
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