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Umted States Patent Ofﬁce

- 31%445 S
SHAPED CHARGE AND METHOD OF
| | " FIRING THE SAME - |
Tﬂt}mm . Peuitet‘ Palg Alto, Caiif,, assigner of eee-heﬁf

to Borg-Warner- Cememtaem Chicago, Ili., a corpora-

- tion of lilineis, and one-haif to Hmhbmtee €empeny,
 corperation of Delaware
Filed Jan. 14, 1959, Ser, Mo. 786 883
16 Uatme (ﬂ NZ-—Z )

: This apphcatwn 1S a eentmu'atten- n-upart of my co-
pending application Serial No. 439,564, filed June 28 |

' - 1954, for “Shaped Charge,” now ebandened

‘This invention relates generally to expleswe dewces:

- and is directed particularly to improvements in shaped
charges. The term “shaped charge,” as used herein and
as generally employed in the art of eﬁtplosives designates
a charge of high explosive having & cavity in its forward

10

formance of a new design of shaped charge.

variables would, of course, be impossible.

15 tal study of the detonation process and the mechanism

__ 3 m@? L ....15
Petented Aug, 13 lﬁﬁa

. 2 R |
There ‘is, however, not a single one of these variables R
which can be conmdered to be an independent variable.

- On the contrary, the changing of any one of them changes .
- ‘an unknown nu

wber of the others, usually by an unde-
termined -amount, so that without a rather clear under-

“standing of the detonation process and the possible mecha-

nisms of jet formation, it is impossibie to predict the per-
It is not
surprising, therefore, that most of the development work
to date has been conducted on a cut-and-try basis with
usually very discouraging and inconclusive results. -
‘To develop a set of rules for the design of an effective
lined shaped cherge based on. so. many interdependent
A fundamen-

~ whereby a metal liner is given its velocity when an ex-

end which is lined with a layer of inert material. The liner .

may be metallic, such as copper, steel, cast iron, alumi-

num or lead, or ‘may be of glass or other non-metallic

Spheneal or conforming to other surfaces of revolution
~about the lenvltudmal axis of the charge..

made for 1n1tlet1nfr detenetlon ‘of the charge on 1ts axis

atits reamald end

Upon detonation of a
rection of its major axis and impinges on the liner.

3-'*_j=sures prevailing in the detonation front, the major por-

-~ tion of the. liner is dynatmeelly extruded in a pencil-:
~ like jet along the charge axis at extremely high velocity.
 Because of the great: penetrating : power of this. hlgh- --
velocity - jet, many apphcetmns, both military and in-.

- dustrial, of the shaped charge have been developed. An

- outstanding example of an industrial application is in*
‘the perforation of well casing and subterrenenn iorme—-

tions surrounding oil, gas and water wells. |

~ Since its original development as a military weapon
the shaped charge has been ‘the subject of extensive re-
search, both analytical and experimental;
part, experimental research has. been confined to cut-

The cavity and liner are usually conical, hemi- . between the: shape of the detonation front and the de-

tonation velocity, and the relation between the detona- o
“Provision is

| -conventional sheped eherﬂe a.
- detonation front advances thmugh the charge in the d1—-'_'

- By
- virtue of the extremely high particle velocities and pres--

For the most

20

20

dertaken.
- nators have been obtained which prov:tde some useful de-

-'pulse imparted to the liner.
~sign of the liner, provides a means for determining the
direction and Veloc:tty of- the motion imparted to the vari-
ous elements. of ‘the liner.

plosive in contact with it is detonated, was therefore un-
In this manner a few least common denomi-

5ign parameters. -
From this it has been poss:tble to evaluete the relations

tion velocity and the detonation pressure. Still fur-
ther studies of the detonation process permit an evalua-

_ tion of the factors controlling the duration of the pressure
‘associated with. the detonaticn process.

This pressure.
means of determining the im- -

and its duration provide a

Thus, it has been possible to

 better understand the. complemty of jet formation and:

35

its control, which has. resulted in the invention and de- :

velopment of a basic design of a shaped eherge hevmg' :

- vastly improved. performance characteristics.. -
In the usual cut-and-try procedure there has been but -

little, if any, basic information on which to arrive at a

_40____n10d1ﬁeatmn of the construction of a charge, nor was

there any. basis for knowing whether the change in per-

- formance was a result of the variable which was inten-.
~tionally changed or whether one of the dependent vari-

and-try procedures, and anelytteal research has been con-

fined to the study of experimental data and the devel-

4d

opment of theories of the mechanism of jet formation

which are consistent with and attempt to explain such
data. Many conflicting and erroneous theories and ex-

- planations of the meehamsm of jet. fertnetlen have been

 advanced.

Tne meehamsm of jet formation from a lmed hollow
charge is very COI‘lplEF and there is probably no single
-explanation that will explain 2all of the experimental

results to the exclusicn of all other proposed mecha-
| The most widely publicized mechanism is re-
ferred to as the hydrodynamic flow mechanism (Journal
‘There are extensive-

nisms.

- of Applied Physics, 19, 563, 1948).
experimental results to substantiate at least two other

B mechanisms  (plastic deformation and brittle fracture)
so that when one considers that it is possible to have the

- formation of the jet follow any one of three mechanisms,

| plus all possible combinations of these, it is net surpns-; o '

mg that much confusion has resulted.

The problem is further eompheeted. iby the fect thet;' "

',"there are no mdependent variables. -
It is generally recognized that the size, shepe and

50

- performance.
unknown number of variables by an indeterminate -

amount {o preduce an aeeumulatwe efeet_that may be'-' |
posﬂwe or negative. . | |

ables dominated any ehange there may have been in
It was therefore a matter of changing an

From a knewledge of jet penetratten it is posszble to__
speelfy certain desirable properties of a jet and, with this.
as a. basis, to establish many of the requu'ements for

~ a jet-producing mechamsm and through that to an effec-
~ tive charge design. | | |

60

- .of the jet.

~ composition and thickness of case surmundmg it, the
-shape, thickness, and composition of the liner, stand-off

distance, method of detonation of the charge, shaping of

the detonation front, and the angle that the detonation

front makes with the surface of the liner are all known
. to materially affect the performance of shaped charges.

mum. velocity that will produce eff

For good perfermance the materlel in the ]et sheuld-' |

‘be concentrated in to a compact, straight line of hlgh-' o
1axi-

mum range in materlel Veloc1ty in the jet consistent Wlth | |
its having the highest attainable material velocity at

the forward end of the. jet, and decreasing at a reason-

velocity, high density material. There should be a

ably uniform rate over the length of the jet to the minj-

ective penetratlon
The necessity for this spread in jet veiocity 18 to per
each element of the jet to complete its penetration of

~ the target before the following element strikes the target.
Other things bemg equal, an increase in velocity of

the forward end of the jet will increase the penetration -
This is a very important factor since the

~percentage in penetretmn greatly exceeds the increase in
et V&IGCIT.Y necessary. to produce it. |

70

It is entirely possible that an increase in the average
velocity of the material in the jet

In sueh a case each element of'

This, coupled with the de-

it -_ o

| may reduce the pene- .
tration if that increase in velocity occurs primarily at the
._after-pertmn of the jet.



~ hole diameter.
" jet can have its velocity increased is determined by the

- ability of each preceding element to co

. the jet would be striking the target before the preceding
~ element had completed its penetration, and the piling-up
- effect may cause a large decrease in depth of penetration
—of as much as 75 percent, with only a minor increase in
The extent to which the after-end of the

~ 'tration.” In order to obtain maximum penetratlon the
“forward end of the jet should have the maximum obtain-

. able velocrty and each successive element should have

the maximum velocity censistent with permiiting the pre-

plete 1ts pene-

3,100,445

‘which is characterized by more e

ective utilization of

~ the energy available in the explosrve than has heretofore -

] |

10

ceding element to complete its maximum penetration of -

the target before the succeedmg element strikes.
'With such specifications set up for an effective jet, ‘it
then becomes a matter of selecting the mechanism of jet

~ formation and the charge design which will best lend 1t~

| self to the produotron of such a jet.
While it is possible to design a

‘high velocity forward end of the jet originates from the
- base of the liner, such a design does not permit taking
-advantage certain novel features of the present invention.

- From experimentation in which a conventional charge

| __.Was modified in such manner as to increase the velocity
of the after end of the jet by only a small amount, it
- was found that an appreciable  decrease in penetratron
resulted. From this it was obvious that if any appreci-

- able increase in penetration was to be accomplished, it

o would have to be through an increase in the velocity of

- the forward end of the jet. This meant devising tech-

~ mniques for increasing the velocity 1mparted to the metal
_'__of the apex of the liner.

W _ lined shaped charge |
operating by a mechanism of jet formation whereby the

20

‘been possible. | -- o
Another object of the invention is to provrde an im-

proved shaped charge which, upon detonation, produces
a jet of higher overall velocrty than has heretorore been

- attained.-
A further object of the Jnverrtlon is to provrde an im- -

proved shaped charge which not only produces a higher -

welocity jet than heretofore, but which is so designed .

ents of the jet is dis-

that the velocity of successive eler

tributed over a rarlge of velocities sufficiently wide to per-
“mit each element of the jet to most effectively expend its

energy in effecting penetration of the target before the
next succeeding element strikes the target.
Another objeet of the invention is to provide a shaped

charge wherein the shape of the detonation front is altered o
- In a predetermmed manner by a body of 1nert materlal S

embedded in the explosive charge. |
Yet another object of the invention is to provlde a

shaped oharge wherein the size and shape of the hole
produced in a target may be predetermined solely by

- the relative positions of certain of the charge components.

25

‘Another obiect of the invention is to provide a shaped .

charfre incorporating a body of inert material embedded

in the explosive eharge, and wherein the size and shape .

- of the hole produced in a target may be varied in pre-
~ determined manner by varying the distance between the

30

Numerous attempts haire been made to do this by

= ﬁ_-:;i_."'meajns of peripheral detonation of the charge with gen-
~erally unsatisfactory results, either because of the re-

‘quirement of an excessive quantity of explosive or, if
- the quantity of exPloswe were reduced, because the meet-
ing-of the converging detonation front over the apex of
~the liner would blast a hole through the liner along its
axis and disrupt its normal jet formation. It is my dis-

 covery, however, that if the inert barrier by which pe-

~ ripheral detonation is generated is so constructed as to

~ permit-a delayed detonation to occur through its central

~portion, then instead of the converging peripheral detona-
- tion front meeting at the center and blasting a hole
through the apex of the liner, it will meet the delayed ex-

panding detonation front in a circular area generally

inert body and the liner. | -
A still further object of the mven‘tlon is to provrde'
shaped charge wherein, upon detonation, a detonation N
-front is developed in the explosive. which is characterized
by a central concave fI‘OHt and a perlpheral or anmﬂar]

convex front. . | '_
Still ‘another object of. the invention is to provrde a

- shaped charge incorporating means for developing, upon -
- detonation, a central detonation front and an initially

40

-surrounding the apex of ‘the liner and a generally spheri- '

~ ..cal concave detonation front is developed which en-
- velopes the apex of the liner in a pressure manyfold the

sum of the pressures in the two detonation fronts.

- 'Thus the forward end of the jet acquires a velocity far
~ in excess of that produced by the conventional expanding
 spherical detonatron front produced by single-point

- 1nitiation.- |
Due to the more nearly normel angle of approach of

_the peripherally generated detonation front over the cen-
- tral portion of the liner, the velocity over the central
portion of the jet will be corre5pondmgly increased.
This will therefore permit an increase in the after portion
~of the jet, and hence the ratio of explosive to metal
 around the base of the liner can be increased over and
- - above that which is permlssrble Wlth the smﬂle-pornt-
| mrtrated charge. | |
1 have discovered that my invention provrdes another
| very important advantage in that merely by a small shift
in position of the apex of the liner closer to or farther

away from the inert barrier, the diameter of the hole

- produced by the jet from this charge can be varied over

| .a several-fold range, the maximum size hole being pro-
. duced with the liner at the proper. distance to cause -
the detonation front to conform in curvature to that of

the liner apex.

50

separate and distinct perrpheral detonation front, the

“time and space relation of the two fronts being sueh that -

they merge into a composite front having a concave cen-
tral portion characterized by extremely hjgh order pres- |

sure and particle velocity. : - o
Yet another object of the lnverltron is to provrde.
a shaped charge wherein the optimum stand-off distance -

from the base of the liner to the target is substantlally |

less than with charges heretofore developed

Still another object of the invention is to 'pr ovide a
shaped charge wherein the mechanism of jet formation

is such that the degree of mterdependenee of the various =
parameters of the charge is substantrally Iess than n

charges heretofore developed. . -
A still further object of the invention is to promde |

shaped charge wherein the usual slug or oarrot” ‘may, if

desired, be substantially eliminated. -
Another object of the invention is to prowde a shaped

- charge mcorporatmg a body of explosively active sub-

stance embedded 1n the explosive charge as a means for

- providing a peripheral hlnh-order detonauon and a contral- -

60
- method of firing an e}rploelve charge partreularly a

5

low-order detonation., | |
Yet another object of the mventron is to provrde a

shaped charge. - |
Generally speaking, based on my studres of detonatron -_

‘phenomena, I have drscovered and develcped an arrange-
' ment and procedure or technique whereby a detonation

-~ front of abnormally high pressure and Velocrty can be

- developed in the explosive charge rearwardly of the liner,” |

 with the central portion of the front being- concave and -

70

- conforming in shape very closely to that of the apex por-
This is accomplished by developing a
combined peripheral detonation front and central detona-

fion of the liner.

- tion front in predetermined time and space relation to .

A generul ob]ect of the invention is therefore to pro- |

- vide an- 1mploved shaped ehqrﬂe the perforrnance of

75

each other and to the apex portion of the liner.
| mergrn':sr ‘of these detonation fronts produces a2 composite
front in which the pressore and the deronohon velocrty

‘The
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- the position of the liner, mmlvmg
in loading technigue. -
~Ekn general, the mventmn includes a ‘method of firing
a detonating exploswc charge having in a face thereof an
outwardly opening cavity the walls of which are defined
by a surface of revolution about an axis, the cavity having -
sidewalls converging to the rear, the charge being capable
of sustaining low-order detonation and high-order detona-~
tion therein, and the cavity being lined with a liner,
- which method includes the following steps: initiating a

symmetrically about the axis,
the zone of initiation of low-order detonation, the initia~
tion of the high-order detonation being pcrfcrmcd in
 predetermined iime relation to the initiation of the low-
- order detonation to cause the detonation waves resulting

-may be accomplished will become apparent

- or a flat disc.

- greatly cwzcecd the sum. of the individual pressures and
velocities of the two fronts. |
 “tailor™ the shape of this ccmposﬂc front to conform .
':SLbsta*ltlally to liner apices of different curvatures,

it is also possible Wzth my improved charge design to pro-

duce a wide range of target hole sizes with the same
liner shape, by the simple expedient of slight changes in

low-order dctcnaﬂon in said charge in a zone coaxial

with the axis and spaced mwardly from the inner endj
of the cavity; and initiating a ﬂngh-crder detonation in
~and thmughcut an annular zone in the chargc which
zone is located in a plane normal to the axis, is spaced

Not only is it possible to

but

erely a shghi: chdncc' '.

10 | o :
transversely at 1€ to receive a length of Primacord 11 or
A Dbooster pellet 12 is seated in
- the socket 5 between the Primacord 11 and the rear wall

of the case, and is in direct contact with the explosive-
7 through an opening 13 in . the rear wall 8, it being

- The opening i3 should be small cnough to assure con- |

‘the ‘barrier.

.

asc 1 thereby prc‘vldmg an annulus 6 cf exploswc sur-
mundmg the periphery of the ‘barrier and joining the

form of a segment cf a sphere or of other shape con-
formmg to that of the barrier.

A tobular socket 9 projects from thc rear Wall of the

“bodies of explosive at the forward and rearward sides of

In order to provide a layer of explosive 7.
- of uniform thickness between the barrier and the rear
wall 8 of the case 1, the latter is preferably also in the |

case 1 in coaxial relation thereto, and is perforated

other detonating fuse.

understood that the explosive also fills the opening 13.

- centricity of the detonation. front."

20

inwardly from the inner end of the cavity, is positioned

and is disposed around

from the initiations to merge in a zone located in the
charge between the zones of initiation and the cavity 1o
form a composite detonation wave that attacks the liner.

29

It will be apparent that detonation of thc Pmnaccrd L
i1 will detonate the booster 12, which in turn initiates

detonation of the explosive 7 at the opening 13. Re-
fcrring to FIGURE 2, the detonation front developed at

the opening 43 initially expands spherically until it -
strikes the rear wall of the barrier 5, whereupon it is
converted into a radially cxpandmcr circular -front: pro- -
- gressing through the layer 7 of explosive, successive po-

sitions of the front being indicated at 15, 184 and 15h.

a(

 The manner in which the foregoing and other objects -

following detailed description of a presently preferred

embodiment of the invention, reference being had to the

accompanying drawmgs wherein:

FIGURE 1 is a central {ongitudinal sectlonal V:lcw of a |

shaped charge embodying the invention;

FIGURE 2 18 an enlarged view similar to FIGURE 1, .
 illustrating successive stages of propagation of the indi-

from the

vidual detonation fronts, their merger into a single com- -

- posite front, the progressive change i in shape of the com- -
~ posite iront and 1ts lmpmncmcm on the. apcx pcrtmn cf:
- the liner;

FIGURE 3 is a lcngltudmal axial sectwnal view of 45

another embodiment of a shaped charﬂc 11:1 accordance 2

with the invention; and

FIGURE 4 is a lmgltudmal axial scctlonal view cf

a third form of shaped charge embodying the invention.
. Reéferring to FIGURE 1, a charge case 1 is herein
'chcwn as cylindrical but may be of any other desired
| shape symmetrical with respect to the chargc axis, and
is preferably of metal such as steel, cast iron or alu-
minum but may if desired be of non-metallic material
55

such as plastic. A liner 2 of coppcr or other suitable ma-

| _d:crlal is mounted in the case in a conventional manner.

~ As shown, the apex portion 3 of the liner is rounded and

- the side portions of the liner are of gradually decreasing

| however, that the

- specific shape of the liner does not constitute a ‘significant.
- aspect of the instant invention and various other shapcs'
may be employed if desired.

curvature. It will be understood,

Rcarwardly of the liner the 'casc 1 1s ﬁllcd wdh an

e cxplcswc 4 having a h1lgh detonation rate, such as TNT.
Cyclotal, etc.

 rear wall of the case is a
‘as steel or other metals or non-metals.

- disposed transversely of the charge and is symmctncal'
~and coaxial with the case and liner.

~ barrier 5 is of uniform thickness and is prcfcmbly in

 the form of a segment of a sphere, althcugh other shapes:
- which are symmetrical with the axis of the charge may

- Embedded in the explosive 4 adjacent the

The barrier § is

As shown the

be employed, such as conical, parabclcldal clhpsmdal
The diameter or fransverse dimension
cf fthn bamcr is less than thc mtcmal dia

barrier 5 of inert material such

meter of thc

ol

~ Upon reaching the periphery of the barrier, the detona- -

tion front progresses therearound, and forwardly through
the annulus & of explosive.

radially inwardly toward the axis of the charge.
the forward and inward portion of the

front assumes the

As it passes the forward
peripheral edge of the barrier and enters the main body
of explosive 4 it is free to expand both forwardly and
Hence,

form of a portion of the surface of a torus, as indicated

by the cc*rcspcndmg palrs cf arcuate dcfttcd lines 16, Ma |
and 16bH. S A
Meanwhile the detonation of the cxnlcswe in contact-
- with the rear surface of the barrier 5 has generated a shock
40" pulse in the material of the barrier. This shock pulse, ini-
tiated at a point on the axis of the charge, progresses for-
WaTdiy through the barrier as indicated at 17, i7aq, 17b
~and 17¢, to the forward, concave surface thereof. Also -
as the detonation front indicated at 15, 15¢ and 155 ex-
pands through the explosive layer 7, it rolls along the rear

surface of the barrier 5 and generates a radially progress-

ing series of shock pulses in the bamer Wthh progress -
forwardly through the barrier.

Whether or not the explosive in’ contact w1th the fcr-— B
Ward surface of the barrier 5 will be detonated by the
shock pulse transmitted through the barrier, and whether |
the detonation is low-order or hwh—crdcr, depends, gen- -
“erally speaking, on the intensity of the shock pulse as it

- reaches the forward surface of the barrier and on the

" - pulse

sensitivity of the explosive in contact therewith. ‘The in-
| tcnsdy of the shock pulse after it passes thrcugh the bra-
- rier depends on the material of the barrier, the thickness
of the central portion thereof, and the thickness of the

| 60 central portion of the layer 7 of explosive which generates.

the shock pulse.

By way of cxaxhple in tcsts wherein the explosive used
‘was Wa}red “RDX ”a mlhtary form cf Cyclcmtc |

- (CHy'N-NO,);

it has been deter

nated by a booster such as the pcllct 12, if the thickness

of the central portion of the barrier is 34 inch or greater.

the explcswe in contact with the forward surface will not

be detonated by the shock pulse. If the central portion of
the barrier is ¥ inch to ¥4 inch in thickness, the shock
transmitted through it will initiate low-order deto-

nation of the explosive at the forward side of the barrier.
If the central portion of the barrier is substantially less

1ined that with a barrier 5" of steel and
- with a 346 inch thick layer 7 of explosive which is deto-

_ than 4o mch in t]:uckncss thc shcck pulsc will 1111t1ate hi gh- L



- . not conducive to proper jet formation.
 liner is not the first portion of the liner to be given a veloc-
- ity as is the case with single-point detonation.

* . the detonation front first contacts a ring of material far-

~ ther down on the liner. Since this first contact is normal

order - detonatren of the ‘explosive at the ferwerd srde

o ~ thereof.

~ On the other hand from teste with eharges in which the
type of explosive, the material and thickness of the barrier

5, and the thickness of the layer 7 of explosive were iden-
ftreal with those referred to in the precedmg paragraph, but
in which the booster pellet 7 was omitted and detonation
- was initiated directly by Primacord, it was found that the

e,loe,eee' .

- optimum barrier thickness from the standpoint of depth

of penetration was 0.059 inch, as compared to 0.10 to
- 0.125 in the previously mentioned test results. 'This may
be eﬂplmned by the fact that the booster pellet 12 comnsti-

- tutes in effect an additional thickness of explesrve behind
- the central portion of the barrier.

This points up the
- important influence which the thickness of the explosive
- exerts on the initial Veleelty of the shock pulse developed
in the barrier.
It is thus apparent that by the selection of a bamer of

'epproprrete material and thickness, or by varying the ef-

fective thickness of the explosive behind the barrier, any

- one of three distinctly different detonation front condi-
) tions may be produced in the explosive forwardly of the
. barriéer (a) a converging, lhrgh-erder peripheral detona-
- tion front only; or (b) a converging, high-order peripheral
destonation front and a delayed, expendmg, low-order cen-
- tral detonation front; or (¢) a converging, high-order pe-
 ripheral detonation front and a delayed, expandrng, high-

~order central detonation front.”
The respective characteristics of the two dleu,rnet types
~iof detonation known as “high-order” and “low-order”
“detonation are well known to those familiar with explo-

. SIVES and have been delineated in many publicaiions deal-
- Ing with explosives.
- lications is “Detonation in Condensed Explosives,” by

‘A well-known example of such pub-

J. Taylor, Oxford Press, 1952, London, England. An ex-

Pplanation and discussion herein of those phenemena 15

- therefore not deemed necessary.

. As has been pemted out prevmuely, a convergmg pe-
- ripheral detonation front alone (condition (a) above) is
“The apex of the

Instead,
to the surface, that portion of the liner will be given a high

velocity. As the detonation front rolls along the surface
~ of the liner in the direction of the apex, the angle of ap-

proach. becomes less than 90° and the material is given a

lower velocity than the pertmn of the liner first contacted.
This Iower-velocrty material is projected into the region

S where the jet is being formed and disturbs the jet forma-
" tion. However, as the detonation front reaches the apex,

‘it converges and meets at a point. Such a meeting of deto-
_ ‘nation fronts produces, at that pomt a pressure estimated
-to be in excess of fifty million p.s.i. With such a pressure

" at apoint, a jet of extremely hlgh-veleelty material is pro-
_' ]eeted into the zone where the jet proper is being formed,
- and since the lower velocity material has already been

- projected into that zone, the collision of the extremely

. high-velocity material with it tends to disrupt the process

 of jet formation. Although the process of jet formation
‘proceeds in an orderly manner in the lower portion of the

10
- tron.

ponents of a barrier-type charge are such as to produce .
- central and peripheral detonation fronts which are both_ -

2,0

25
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been dissipated.

to the effect of this sharply defined, annular hig’h—pres-sure :

zone, there results a marked decrease in the effectiveness

ef the jet. This is attributed to the sharp boundary- cutting '
effect of the annular h1gh-preesure zone on the liner, pro-

ducing a sharp drseentmmty in the velocity gradient of
On the other hand, if the liner be located far
“encugh away from the barrier to avoid the sharp bound-
ary-cutting effect of the high-order detonation collision

the jet.

zone, -the performance of the charge is etrlkmgly similar

to that of a conventional charge having smgle—pomt initia- R

liner and the barrier is so great that the intially cerltrally

concave detonation front has been converted to a conven-
tional convex front before it reaches the apex of the liner,
and hence that the advantageous effect of the barrier has

It therefore appears-that less advanta-

geous results are obtained when the parameters of the com-

of high-order,

One of the most Jmpertent and most mgmﬁeant aspects
of my invention is my discovery that with the proper -
relationship between the type of explosive, the barrier ma-
terial and thickness, and the thickness of explosive behind
the central portion of the barrier to develop a low-order
‘central detonation front and a high-order peripheral det-

onation front at the forward side of the barrier, marked

and unprecedented 1mprevements in charge performance -
from many standpoints, as well as several other outstand-
ing advantages, can be achieved. These nnprovements' o
and edventeges, which will be explained more in detarl-; -

o heremafter are briefly as follows:

30
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liner, the disturbance in the formation of the apex of the

" jet has been such as to ‘prevent its superlor perfermenee

- This interference can be prevented to some extent if the

distance between the zone of peripheral initiation and the
apex of the liner is increased, which accounts for the be-

lief that in order for peripheral detonation to function

 properly, an excessive amount of explosive is required.

I have discovered that if conditions are such as to pro-

~ duce a high-order central detonation front and a high-

- order pempheral detonation front, the collision of two such

- . high-order fronts produces a sharply defined annular zone-
. of extremely high pressure.

_: '_:en(}uﬂh to the barrrer te eub'eet any portion Of *’ihe liner

If the liner be located close

65
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- generation of the central front 18b.

curs in imparting velocity to the surface perueles of the -
barrier 5 at the interface with the explosive layer 7,0
generate the shock pulse 17. Another time- deley i8 ihe C

40

through the barrier 5. The

" {(a) Greatly increased depth of target penetratron and' :

volume of target hole for a given amount of explosive; -
(b) Wide variation in- the cross-sectional area of the

target hole by varying only the amount of exploerve Wh]le o

mamtammg all other eompenents the same;

(c) Substantial reduction in the number of parameters |
“which effect performance, making possible the develop-
ment of a simple equation deﬁmng the relatrenshrp of the o
significant parameters; -

(d) Substantial reduction in optlmum etand off dis-

‘tance (from base of liner to target); |
(e) Substantlal elimination of the usual slug or “car-

10’[

reference to FIGURE 2 of the drawing.

cessive positions of the low-order expanding central det-

onation front initiated by the shock pulse transmitted -
eeting 'of this front with the
converging peripheral detonation front, indicated at 16,
16a and 16b, produces a composite front which mltlally o

comprises the portions 165 and 185.

The juncture of the central front 185 with rthe perrpheral. :
front 165 initially produces an annular, sharply concave -
region indicated at 19, wherein the radius of curvature is
- very small and the preesure and the particle velocity are
considerably higher than at other points on the composite -
- front. Consequently this portion of the front has a greater .
velocity than the remainder of the front, 'resmting in a
progressive increase in radius of curvature in that region.

It will be observed that the perlphenel portion 16b of
the initial stage of the composite front is considerably in

advance of the central portion 18b. This results from the
‘cumulative effect of several time-delays occurring in the
The first time lag oc--

-result of the Iower Velocﬂ:y of the lsheek pulse 17 in com-

This indicates that the axial spacing between the

Th_e _mechemsm of developmem of the mltrally eep-aret_e-,
low-order central detonation front and high-order periph- =
eral detonation front, their merger intc a composite
- front having a concave central region, and the progressive
change in the contour of this front, will be made clear by
As shown there-

- in, the dot-and-dash lines 18, 1842 and 18b represent suc-




. as indicated successively at 26 and 21.
distance forwardly of the barrier 5, this front has a

- central concave portion substantially conforming to the
. curvature of the spherical apex portion of the liner 2, as
indicated at 22. In the illustrative embadlment the lmer"
~1s positioned with its apex at the proper distance from-

~ parison with that of the high-order detonation p.uI-se-traV--

~eling through the explosive around the barrier. The shock

~_ pulse velocity in a steel barrier is only about ene—feurth
that of the detonation pulse. Consequently the successive

- positions of the shock pulse front indicated at 17, 17a, 17b
- cand 17c¢ appmmmately correspond respectively to the po Si-
~ tions 15, 15q, 15b and 16 of the detonation front.

3,100,445

- decreases from 90°.
serves to reduce the velocity imparted to successive por-

Another time-delay occurs in the initiation of detona-

tion of the explosive at the central forward side of the

barrier § by the shock pulse. Lastly, if the barrier is such
as to: cause the shock pulse to generate low-order detona-

10

tion of the explosive, the considerably lower velocity of
the low-order detonation pulse will cause an additional

time delay. Thus, the location of the low-order detona-

tion front indicated at 18 will correspond in time to that of

 the shock pulse front indicated at 17c¢ which, as stated

above, corresponds to the location of the penpberal deto- -

nation front indicated at 16. 'As the front 18 moves suc-

cessively to the positions 18a and 185, the front 16 MOVes

to the positions 16g and 165H.
Xt will be undersmod that the aforementmned fime-

~ delays are of infinitesimal order, but nevertheless suffi-.
~composite front such

cient to cause the formation of a
as 16b, 18b having a peripheral portlon 16b in advance

B ~ of its central portion 185,

20

95"

‘An important and edvantageeus eherae.,eristm ef the |

meeting of a low-order central detonation front and a.
‘high-order peripheral detonation front is that it do_es not

_ pmduee a sharply defined, extremely high pressure zone .

as in the case of the collision of two high-order detonation .

fronts. Instead of a sharply defined annular zone of
extremely high pressue resulting from the collision of a

high-order, e"ipandlng central detonation front and a high-

order, converging peripheral detonation front, which, as
stated previously, produces a sharp boundary-cutting

effect, the meeting and merging of a low-order central -
detonation front Wlth a high-order peripheral detonation

front produces a zone of conmsiderably lower pressure,

“distributed over the entire central area of the resulting
| -compesne front.

- fronts.

the central portmn with the peripheral portion gradually

~ flattens out and eventually merges with the central and

This ' distribution is the result of a
- merging, as d1st1ngu1shed from a CGHISIUI!, of the two.--

As the eemp051te frent advanees toward the apex of
~ the liner 2, the concave annular region 19 which joins

the liner
last position shown in FIGURE 2, the angle of approach

FIGURE 2, and a SI

10

As the detonation front advanees beyond the

of the front to the side portion of the liner progressively . '.
Other factors being equal this

tions of the liner material. . Furthermore, the thickness of
the explosive, measured normal to the surface of the liner,

decreases forwardly and has a further reduemg effect on -
the velocity imparted to .successive portions of the liner.
The desired velocity gradient along the jet is. thus at-
tained, while still providing an average velocity consider--

ably higher than that obtained previously, by virtue of

‘the extremely high velocity of the forward portlon of the
et.

By virtue of the hlgher pressure and veleelty of a comn-
cave detonation front, as compared to that of a planar.
or convex front, the curvature of the central concave
portion 22 of the front decreases-as the. front advances.
beyond the last position shown in FIGURE 2. Hence, if.

the liner Z were positioned with its apex farther from L
the barrier 5 the concave central portion of the f
“would be of less curvature than that of the apex of the

- liner at the instant of impingement of the front on the

liner apex. Consequently the front would strike the liner
first at a point on the axis of the charge, followed by

‘successive impingement over an expandmg spherleal area

of the liner apex.

Conversely, if the liner 2 were posmoned closer to the

barrier 5 than as shown in FIGURE 2, the curvature of-
the central concave front would be greater than that of-
the liner apex and consequently the initial contact of the
detonation front with the liner apex would be along a
circular concentric path spaced from the axis. In-each
of these instances the portion of the liner formmﬂ the:
forward portion of the jet would be extruded in a mass

- of smaller diameter than under the condition shown in
aller hole W‘ould be fermed th) the o

- target

40
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peripheral portions to produce a concave-convex front,

At a eertam

' the barrier 5 to achieve this. conformity. Aeeordmgly,

-the entire spherical apex portion of the liner is subjected
51multaneeusly to the extremely high pressure and ve-

- locity of the concave central portion of the detonation
front.

of the jet.
axis and strikes the apex of the liner.

-of the jet.

A relatwely large portion of the liner is therefore
concentrated in the forward, maximum velocity portion
This is in strlkmg contrast to the jet formed
- by a charge in which detonation is initiated at a single

: pemt and the convex detonation front travels along the.
o In the latter case
S enly a relatively small amount of the material of the liner
'" is concentrated in the ferward maximum velomty pertlon

50

for a variation in the amount of explosive.
important and highly. wdvantageeus fea,mre of .the_ instant

it is thus eppazrent that the target he]e size may be'
varied over a considerable range by the simple expedient
of varying the axial distance between the liner and the
barrier, and using identical charge components eﬂceptﬁ'

This is an

invention. . -
- The feregemg statements eoneermmg va

1a,t10n of

| targ\.,t hole size have been confirmed. experimentally.

Numerous test have. been conducted. under simulated oil

- well conditions, wherein the targets were sections of well |

casing of ,375” Wall thickness, surrounded by aged cement
simulating oil-bearing rock formatlen such as sandstone
or hmeetone Typ1ea1 results are shown in Tanle I below,

which shows a comparison of target hole sizes.obtained in

- the well casing with charges which were identical except

55
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Inasmuch as the partiele ‘V&lOCltY at any pomt on the '

~ detonation front is a maximum in a -direction normal to

the front at that point, as indicated by the arrows 23, and
. inasmuch as in the arrangement ‘shown in FIGURE 2
. each point on the central concave spherical porticn of

70

the front i 1mp1nges on the apex of the liner in such normal

‘direction, the maximum velocity is substantially simul-

taneously imparted to the entlre mass of that portlen of

75

for variation of the axial distance hetween the liner and

the barrier and a cerrespondmg Fvanatlen 111 the ameun.t'
of e1ples1ve | | |

_ T&:ble I

Depth of |.

penetration|.
in: forma« [
~tionr
(inches)

veluine -
of hole
(cu. in.)

o _- - : Dia.'ef hole
Weight of explosive (grams) - | in-well cas-
| T - (ing (inches)

65

irrespective of hole size.

_________________________________ 4621
550 |
740 1
437
. 875
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The charges nsed in the foregoing and nu nerous other
tests are typical of charges which have been developed em-
bodying the dinstant invention, and in which emphasis
has been placed on the dlameter of the hole produced in
the target, rather than on obtaining maximum penetration

By way of example, structural

ont.



. target hole size desired, as pointed out hereinabove.
~ the tests from which the results given in Table I above
~were obtained, the explosive weights of 15, 19, 23, 26 and

3,100,445
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" -detaals of the charges uaed in the tests referred to abeve

~ are given as follows:

The case 1 is of stanrdard 14 mch I D steel tubing of

 14¢ inch wall thickness, the rear wall 8 being formed of

11 gage steel plate pressed with a 2¥4 inch ball to a

o 11/@4 inch radius of curvature and welded to the end of the

" case. The booster socket © 1s welded {o the rear wall 8

 and is of a suitable size and shape to accommodate the

:_. _particular type of booster pellet 12 to be used. The
‘barrier 5 is made from circular blanks of 11 gage steel,

~pressed with a 2 inch ball to a 1 inch radius of curvature.
- The liner 2, of copper, has a 50° included angle with an

apex ra-diu"s of curvature on the inside of % inch and a
~ uniform wall thickness of 0.030 inch. The O.D. of the
base of the liner is about 0.003 inch larger than the 1.D.
“of the case, thus providing an interference fit to hold

the liner snugly in position when pressed into the case.

‘The explosive charge 4 and the layer of explosive 7
rearwardly of the barrier 5 are waxed, granular “RDX”
- pressed to 10,000 p.si. The loading operation is per-
- formed in two steps—first, 4 grams of explosive are pressed
to form the layer 7, about 14 inch in thickness; the barrier

~ loaded and pressed. The liner 2 is then pressed into snug
 contact with the main charge. The quantity of explosive
in the main charge 4 will vary in accordance with the
In

29 grams represent the tetal amount of expleswe includ-
'mg the 4-gram layer 7.
It should be pointed out that it is not Pecesaary to

'dlrec:tly determine the axjal distance between the barrier

S and the apex of the liner 2, inasmuch as this distance

N  is relative and is mldlrectly determined hy the amount of
- explosive in the main charge 4. It is, however, necessary
- to determine experi

ientally the perfor
charge of a particular design. An important characteristic

12

from test firings of such a charge, the values of the con-

stants C and K for that design may be determined. When
these values of C and K are substituted in Equation 4

above, one may determine either the penetration which
may be expected from a charge of the same design having

a weight of explosive W, or the weight of eap]eswe W

- required to produce a desired penetration.

10

By the use of the foregoing equations in celajunetlen

with -test data from a few types of special-purpose |

charges of varying designs, it is thus possible to select

~ the proper design for a particular purpose and to calcu-

of the selected design.

15

20

- ~ is then inserted and the remainder of the charge is then

29

30

nance data of a

- of shaped charges embodying the instant invention is that =

o by wvirtue of my newly developed and entirely different
. mechanism of jet formation, the number of wvariables
- which materially affect eharge' performance, and which are

- changed by unknown amounts by changing other variables,
- has been greatly reduced. For exas

| | _ ple, an anlysis of a
- large quantity of test «data involving ideﬂtically—deaigned

charges of different sizes has revealed that the ratio of the
depth of penetration to the diameter of the charge liner is

fairly constant over a reasonahly wide range of liner

~ diameters. This ratio, which is an effective criterion of
- charge perfonmanee may be expressed by |
- K= P/ d (1)
__ 'Where | - |
. P= depth of penetrataon of the target

- d=liner diameter; and

o - K=ratio of depth of penetratlen to liner dlameter

The 'Welght of explosive in a charge of @& given design

40
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is proportional to the cube of the diameter of the liner; or

- . W—-Cd3
. or, expressed dif erently, h
| o C = W/ s

N (3)
| where

) W——-weight of eX];ﬂoswe
_' C.__weught of explosive in a ehange rwhose lmer dlameter

13 umty

- By combining Equatmns 1 and 2 the ffellowung equa-
- tmn 1s derived: -

| W-—-C‘(P/K)3 | (4)
It Wlll be apparent that by substltutmg in. Equ ations 1

. and 3 the values W and d of a given charge exemplary

. ofa series of the same design, and the ?malae of P e!btaai-ned

- (2)

60
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o
‘s1zes 1S minor.

late the actual charge dimensions for a particular size
‘The determination of the proper
amount of explosive required to produce a desired target
hole size with a selected design and charge size, if hole
size should be a major consideration, can be accom-
phshed by a few simple experiments which involve merély |
varying the amount of explosive between liner and : barrier |

while using otherwise identical charge components. The
fect of such varlance within the range of fea31b1e hele .

From the fereﬂ'emg ldetaaled descnptlen of one er 1-

bodiment of the invention and the accompanying de-
scription of the mewly developed and proven theories of

detonation and of jet formation in a shaped charge, it

will be evident that by following these teachings a shaped
charge having superior performance characteristics may
be produced. Furthermore, by the application of the

-principles set forth hereinabove to the design of shaped
charges for various uses and purposes and to meet vari--
ous conditions of wuse, it is possible to “tailor” a charge
design for optimum pemﬁelrma*lce' uuder- a '-given -a-et of

conditions. | S

For example, if a large hole is desn*ed the ehrarge may
be designed to provide a relatively large a'adms of curva-
ture of the liner. Application of the principles of this
mvention permits the concentration of a large portion of

the material of the liner apex in the forward, maximum-

velocity portion of the jet. Thus the liner is disposed at -

the proper distance from the barrier to cause the curva- -

ture of the central concave portion of the detonation front

to substantially conform to the curvature of the liner

apex at the instant of impact of the detonation front on
the liner apex. Conversely, should a st

and again in order to attain maximum eﬂimeney the liner

would be disposed at a distance from the barrier to per-

mit conformation hetf the detenlaitleﬂ fI‘TDTIt to the lmer

apex curvature. | o
Reference has previously been made to the rl:hree dlS-' L

tinctly different detonation front conditions produced at

the forward side of the barrier, depending on the type of

explosive, the material and thickness of the barrier, and |
the thickness of the explosive behind the cenfral portion

of the barrier. In addition to the criterion afforded by

the pronounced increase. in target penetration when con-
difions are such as to produce a low-order central det-

onation front and a high-order peripheral detonation -

front, another and even more positive and reliable indica~
tion is available from itest firing of charges from which

it can be definitely determined which of the three detona-

tion front conditions was produced. This indication is

rth charges.

Inasmuch as the time interval between dete*latmn ef_:' o

the rearward layer 7 of expleewe and detonation of the -
main explesw'e charge 4 is infinitesimally smuall, on the
order 'of one micro-second, the forward ve_le_ctty which
would otherwise be impanted to the barrier 5 by detona-
tion of the explosive layer 7 is counteracted and offset
by the rearward velocity imparted thereto by detomation -
of the main charge 4. Accordingly upon firing the charge

the barrier remains . practically motionless land, in tests

with charges having stee]l barriers, the barriers can be
found in close proximity to the original position of the =

aller hole size
‘be desired, a smaller radius of curvature would be utilized,

afforded by an examination of bamers eaﬁtecr test firing of o




. eral fromnts. _ |
indentation or groove provide positive means of distin--
guishing between the two above-mentioned conditions.
Lastly, if conditions are such as to prevent the develop-
-~ ment of a central detonation front by shock pulses trans-

- mitted forwardly through the barrier, the extremely high

 formation.
- of the mechanism of jet formation in a conventional
~ shaped charge having single-point initiation of the main -

+ to the target need

};3
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chﬂrﬂe mtact and undamaged by 1mpact on aany objects .

in the vicinity. The physical appearance iof the barriers

will, ‘however, undergo certain specific and distinguish-

able. changes, depending 'on which of the three afore-

| menmlaned detonation front conditions is produced.

Thus, if conditions are such as to produce a h:tgh—-mder |

central detonation front and @ high-order peripheral det-

' ﬁrst, |

M

larf?c-:. pomen of the liner, starting at its ape}; end,

- is projected into the forward, m&mmum—velomty portion

g}

of the jet and is disintegrated durmﬂ the process of pene-
tration into the target; secondly, the enhanced. velecity'
gradient along the jet assists in disintegration -of the in-

. _teinedmte and base portions of the liner; and lastly, be-

‘onation front, the sharply defined. ennular zone of ex-

tremely high pressure produced by the coilision of these

two high-order fronts forms a sharply defined circular -
cut or groove in the forward surface of the barrier close
Thlis. :deﬁni‘eely ﬁde‘nftiﬁeus .fthzi:s'

ito the periphery therwf

- condition. .
. If, however, 'uO’Hd]JthrﬂS are 'such 2s to pmduoﬁ the pre—_
.ferryd combination of a low-order central detonation
front and a hlgh-ordar penphenal detonation front, the

cause of the more efficient utilization of the available.
energy of the explosive by the higher average velocity

- of the jet and the improved distribution of velocity along

10

distributed zone of mo derately higher pressure pmduced_

| by the merger of these two fronts forms a shallow depres-

sion of substantial width in the forward surface of the :
Because of the relatively lower velocity of the

barrier.
low-order front, ms compared to that of a h1gh-01'defr
front, the rugmn of initial meeting of the fronts in this
instance is at a shorter distance from the axis than in

the jet, it is possible to use a liner of less wall thickness

- than is required for optimum- performance"of ‘a conven-
tional shaped charge, resulting in a reduced amount of
residual liner material to form a siug.

The invention embodying a. barrier of explosively active

-uubstance will oW - be descrlbed "Wlth reference to FIG-

URES 3 and 4. | |
In general, a shape d explosive charge in accordance

with FIGURES 3 and 4 includes @ mass of high explosive -

- material capable of sustaining high-crder detonation and

20

~ the case of the collision of high-order central and periph-

Hence both the location and the form of the

- pressure. developed zlong the axis of the charge, by the

~ converging of the perlpheral front and its meeting at a-
point on the chargu axis, produces 4 hlgh velocity jet in.
The rearwardly
directed jet blasts a large hole through the central portion
~ of the barrier, but there is no indication on its forward
 surface of a colhsmn or merging of detonation fronts, as
| Th1s candltlon can thus be iden- -

both directions along the charge axis.

- In the other twe cases.
- tified. |

Y

stand-o distance (from the base of the liner to the tar-
- get) of shaped charges embodying the instant mﬁrentmn is
| substan.,ially less than with charges heretofore developed.

It has also fbeen stated prwmvsly that the optimum.

25"

low-crder detonation therein and having a cavity at its
forward end. The cavity is lined with a liner of inert
material.

hign-order detonation.  Means is also provided: for

initiating in the mass of explosive material rearwardly.
~of the liner a central, low-order detonation initially sepa-

rate from and lafterally surrounded by the hlgh-ordur-

 detonation, the low-order detonation initiating means in-

30
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cluding a bmdy of explosively active substance having its
forward face in contact with the mass of high-explosive

material. Such body may be formed from an intimate

- mixture of a finely divided high-explosive material and
- a finely divided inert diluent therefor. The body is capa-
“ble of sustaining therein a detonation. of an order not
Means is provided for detonat-

greater than low-onder.

ing the body of explosively active substance. The loci

 of initiation of the high-order and low-order detonations -
~ in the mass of high-explosive material are positioned
 with respect to each other, and the liner is shaped and

40 “positioned with respect to the loci. of initiation, to peimllt
- the high-order and low-order detonations that propagate

. from the loci to merge in part in the mass of explosive

This is another result of the different mechanism of jet

Acm1'{'11:':1ﬂr to the ﬂenﬁrally accepted theory

charge, the liner is collapsed radially inwardly upon itself
- and the forward portion of the jet contains liner particles
‘which are extruded forwardly from the center of the col-
lapsed liner by the extreme inward collapsing pressure.
~ 'This extrusion of liner material occurs while the col-

- lapsed liner is being propelled forwardly at = lower veloc-
ity than that of the extruded materlal and it is believed

approxzmately equal
to the diameter of the charge must be provided in Grder )

| - to be for this reason that a stand-of

to permit this mechamsm to. functmn properly,

On the other hand, in a charge embadymﬂ the instant

. _111%11&011 a substantial portion of the liner at the apex
end is projected forwardly along the axis at an extremely

~ high initial velocity and, from the start of jet formation,
 {forms the forward portion of the jet.
~ stand-off in this instance might well be measured from a
.. . . point near the apex of the liner rather than from its base.

The ef]

Hence the stand-o

 quired for conventional charges. This is obviously a

fective

45
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glass and the like.
) preferably is an inorganic non-exPlaswe substance, finely

material between the loci and the liner to form a com-

posite detonaﬁon front that attacks the liner.

The body or barrier of explosively active substance-
preferably consists of finely divided RDX, Cyclonite,
TINT, PETN, or the like to which is added a finely di-
vided inert diluent such as plaster of Paris, salt, powdered
Although the inert diluent material

- divided nan—-ef..ploswe inert organic substances may also

‘be used.

Examples of such orgamc dﬂuents are pcw—-.

- dered synthetic resins.

99
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- explosive material and diluent required to produce a body o
of this nature will depend upon a number of factors such

The mixture of h1gh-exp1031ve, and dﬂuent may be
compacted in a die to produce a self-supporting body of =
the desired shape that Is mserted in the shaped charge dur-- B
ing loading. |

The barrier of exploswely active substance is charac- |

terized by an ability to sustain therein a detonation of an
order not exceeding low-order. The proportions of high-

~as the particular high-explosive material and the particu-

- distance from ithis base of the liner 65

ve merely a small fraction of that re-

- distinct advantage in uses of shaped charges which im-

pose severe restrictions on the permissible over—;.ll Iength -
| 70
Yet another important characteristic of shaped charges_.
j___erabodymcr the instant invention, which is of particular
advamaga in certain fields of use, is that the usual slug or

of the charge plus the stand-off distance.

“‘carrot” may, if desired, be substanually eliminated., This
__13 aehewd 10 Le: due pllmarny to the fol‘t}wmg factors

_«the booster and the cavity liner. :
ever, that the explosively active barriers are relatively ~

lar diluent employed. Particle size and degree of com-

‘paction of the body will also influence the order of the

detonation that the body can sustain.
In a general way, the shaped charge structures of FIG-

' URES 3 and 4 are similar to the shaped. chargﬂ structure
of FIGURES 1 and 2. Fach has a barrier of solid ma-

terial embedded in the main charge of explosive between.
It will be noted, how-

- thicker in the axial direction than the inert steel barrier.

75

It appears that the detonation front traveling forwardly
through the exploswely actwe bamer advances at a faster

Means is provided. for initiating in. the mass '
~of explosive material rearwardly of the liner a peripheral,.



rate than the shock pulse in the inert steel barrier. Con-
sequently, an explosively active barrier must be relatively

" thicker than a steel barrier to achieve a delay time that
is comparable to the delay time eff ‘ected ‘by a steel barrier

in the initiation of a central low-order detonation in the
 main explosive charge at the forward face of the barrier.

 drical hole 44.

- The explosively active barrier is initiated at the rear

by the booster or that portion of the main explosive charge
-~ situated immediately rearwardly of the barrier.

- a detonation that has insufficient energy when it reaches
- the front face of the barrier to initiate a low-order detona-

The
nature of the barrier is such that it is initiated low-arder |
It is capable of :pmpamatmg only a low-order detonaticn
forwardly therethrough. The detonation should not de-
velop into a high-order detonation nor degenerate into .

o portmn of the liner 15 generallv spherlcal and symmetrical
- with respect to the longitudinal axis of the charge, and the
side walls of the liner have a lesser curvature than the
 apex portion. The basal rim of the liner engages the in-
terior of the case 3¢ with an interference fit.
ploswe material forming the three increments 42, 43 and
-~ 45 is waxed RDX containing 91% RDX and 0% wax.

Fitted in the cylmducc..l hole 44 of the annular main
| ﬁharge increment 43 is-a cylindrical- barrler 47.. The front -

10

16

- tion in the main charge of explosive at the forward side -

'of the barrier.

 out in the barrier. The detonatlon traveling forwardly

- through the explosively active barrier should reach the
- front face thereof with only sufficient intensity to initiate.
- -a.central low-order detonation in the main charge of ex-

L plosma at the front of the barrier.

“As in the case of the inert metal barrler described

Of course, the detonation should not die

20

herembefore the explosively active barrier of the inven-

tion has a transverse conﬁgupatmn effective to cause the
“high-order detonation initiated in the main charge rear-

o wardly of the barrier to travel outwardly through the

25

main charge around the barrier and to appear at the

- front of the barrier as a peripheral high-order detonation
 that laterally surrounds the central low-order detonation.

Such peripheral high-order detonation converges radial-

- ly inwardly to meet and merge with the central low-order

- detonation to provide a single composite detonation front

that impinges upon the liner. The central portion of the
. combined detonation front has an extremely high energy
- that is much greater than the energy of a conventmnal
high-order detonation front.

The principles of the invention will now be descnbed
- with greater particularity with reference to FIGURE 3.
The shaped exploswe charge perforatmg unit 1sh0w1‘1

~ body of revolution about the horizontal axis. I has a
~case 30 that is cup-shaped :and has an open front end 31.

u,_iPrOJectlng axially rearwardly of the case is an integral

boss 32 providing at the rear thereof a transverse fuse slot

33 through which is passed a conventional det{matmg fuse

34, such as a Primacord fuse.

~ The interior of the boss has a forwardly opemng cylm-

- drical booster recess 35 separated from the fuse groove
33 by a thin wall 36. The case may be die cast from

zinc-base or aluminum-base alloy, or i1t may be formed

of other smtable material such as cast iron or synthetic

'_"resan )
- Seated mt]:un .the recess 35 is a cylindrical booster cup
37 containing a booster charge 38. The booster charge

30-
- and the end of the punch. Such initial pressing is done

- with a force less than that to be applied in a later stage
when the liner is pressed into the case.

39
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section that is received in the forward end of the cylm— :
The sides of the annular increment 43 con-
form to the inner walls of the case as shown in FIGURE =
of the annular a*mremmt 43
and the central increment 45 define the shaped charge

3. The forward faces

cavity into which is fitted a‘liner 46, preferably formed
of copper or other conventional liner material. The apex

face of the barrier conforims to and is in conbact with the -
“rear face of the central increment 45 of . the main charge |
while the rear face of the barrier conforms to and is in

contact with the front face of the base increment 42.

The sides of the barrier are in contact mth thﬁ su:le walls: |

ef the hole 44.

The barrier 47 is formed from a pressvd mlxiure of -
10% finely divided RDX and 90% finely lelded plaster |

of Paris.

Loading of the "*hﬁp'“d erlﬂswe charge unit of FIG-'

URE 3 may be accomplished as follows. Imtmlly,

charge of waxed RDX is pressed into the case 30 using

a punch having a face of the size and conﬁguratmn of
the rear surface of the liner 46, such charge completely
filling the booster recess 35 as well as the enlarged cavity

The ex-

3¢ 49 and the interior of the case between the wall 41 -

- withdrawn and the initially pressed charge is drilled to
- provide the cyhndrical hole 44, and tc Temove exploswe

40
~ in axial sectional view in FIGURE 3 is in the form of a

45

fmm the booster recess 385.

A booster cartridge is then mserted mto the recess 35 L

In a separate die, having a cylindrical cavity with a -
dlamet_er_ equal to the diameter of the hole 44 and a
‘bottom conforming in shape to the shape of the rear por-
tion of the base increment 42, is pressed a sandwich ele-
ment, including the base increment 42, the barrier 47
and the central increment 45. The pressure used is ap-

- proximately equ'tl to the pressure used in. formlng the

o0
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may be composed of compressed powdered Cyclonite or

~other appmpnate booster explosive.
‘booster is in contact with the thin wall 36 through which

o it is initiated centrally when the fuse 34 is detonated. At

~ the front end, the booster charge is in detonating relation

 to the forwardly posﬂumed eXploswe compomnts of the_
. charge unit,
Immediately in fr ont of rthe recess 35 is an enla:rged |

‘recess having a forwardly flaring, conical wall section 39
-and a cylindrical wall section 4¢. A cup-shaped forward-
ly flaring curved wall 41 adjoins the cylindrical wall sec-
tion 40 and :termma,tes ad]acent the open fmnt end 31 of
the charge case. - |
The main eXploswe charge consists of three mcrements

L One of these, the base increment 42, is in the form of a

“disc seated against the front of the. booster. The second,

"mam charge mcrement 435, 1s in the fOTm of a spherical

The rear of the-

60
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~an -annular increment 43, has an axial cylindrical hole
44 therein, in the rear of which the front portion of the
- “base increment 1s received. The third, or forward central

- the tear face of the barrier 47, it initiates in the latter
a low-order detonation front that travels forwardly through

‘initial charge in the case 38. The separately pressed sand-
wich element prowdes a preform which is inserted in
the hole 44 of the annular increment 43. -The loading
procedure is completed by pressing the liner 46 into the
~assembly to consolidate the eXplos;we com ponents to ﬁnaI'
form. | -
. In firing the dewce of FIGURE 3, the fuse 34 is deto-— |
nated by ia conventional blasting cap (not shown). Deto-
nation of the fuse eifects high-order detonation of the
booster charge 38 through the thin wall 36. -
“detonation front travels symmetrically forwardly thmugh_ o
the booster charge 38 and initiates a high-order- detona-
The
high-order detonation. front travels to the outer periph-
ery of the increment 42 to initiate high-order detonation
at the rear of the annular increment 43- of the main
charge. The'annular high-order detonation front iravels.
'forwardly through the increment 43 outside of the bar-
and, when it reaches the forward edge of the
barrler turns inwardly around the forward edge {o con~
- wverge in the central increment 45 toward the axis. The
. annular high-order detonation front also advances through
 the annular mcrement 43 toward the 51de wall of the

A high-order

tion in the base increment 42 of the main charge.

rier 47

liner 46.

Meanwhlle When the h1gh-order detonatmn fronrt ad- :

'ifancmg forwardly through the base increment 42 strikes

the barrier at low-order rate, When the low order detona-

‘The punch is

5



- of the low-order and high-order detonation :

- .penetratrng jet. -

- liner.

- shown in _FIGURE. 3,

the eav:lty 44’

17

tron emeges from the f_rent face ef the ﬂaarraer and enters |
": - the main charge increment- 45, it 1r11t1ates rtherem A cen-
- tral low-order detonation. |
- Altheugh the path of the hrgh-erder detonatren are‘and
Ithe barrier is substantially longer than the path of the
fow-order detonation through the barrier, the hrgn—erder"
detonation. reaches the increment 45 before the central
- low-order detonation front. initiated therein has had time -

‘The fact that the
10

“to expand- outside of the increment.
velocity of ihe high-order detonation is greater than the

velocity. of the low-order detonation accounts for this.

The converging high-order detonation and the diverging
 central low-order. detonation merge in the increment 45.
Thus, there is created in the increment 45 a central zone
15
The
- position. consisting of 91% RDX and 9% wax. The bar-

- of intense explosive energy resul:.mg from the merging
fronts.

3,100,445
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1%

- the case, sufficient pressure being applred to. eensohdate o

the explosiveé components of the charge unit.

- In the embodiment. of the rlwentren shewn in FIG-—'
_' __I.URE 4, the booster charge may be pure RDX, the annular
portion 43" and’ the central. merement 45’ R
. charge may be waxed RDX, and thé barrier may be: a . .
censehdated mrs:ture ef ﬁnely divided RDX and plaster_ o

-_.;""”Df Paris. | S

One partrcular per feratrrre unit as shown in FIGURE 4

'”has an over-all length of 2. 187" as measured: from the -

rear face of the boss 32’ to the open front end of the case, -
and an inside diameter of 1.698’" at the base of the liner

 are formed from 17.5 grams of an explosive eompesrhon

o extreme]y high energy explosion of the central zone blasts.

- axis of the charge to form the leading element of the
Sueh leadrr.lg elerrrent has e}rtrem ly hlgh:

- velocity.

L Imprngement ef the hlgh erder detenatlon frerlt 1mn. the .
'armular increment. 43 against the sides of the lrrler suc-- .

- element eentammg a concentrated portion of the liner

- material- moving a high velocity and a slower moving trail-
- ing portion containing ‘material  from the  sides of the
“The velocities of the elements of the rtraﬂmfr por-

- tion of the jet decrease from front to rear.

| perferatlnfr unit: shown therem 1S .St

~ As seen in FIGURE 4, the perforatmfr unit has a ease
30" that is. outwardly the same as the case 30,

In

~The main eharge 49 'has a base seetren +42’ ferrrted

. The main eharge also includes a- spher:really shaped for-
-ward central main charge increment 45’ in contact with
~that portion of the liner encompassed by the circular line -

of intersection 58%. The sides of the increment 45’ are.1n

contact with the annular portion 43" of the main charge.

the conical cavity 44’ 'is a barrier 47’.

eﬁ’ is inserted in the booster recess 35,

= ';mam charge 49 is pressed into the eharge case, the eemeal .
- cavity 44’ being formed by an extension on'the press

. punch. The barrier 47" and central main charge incre-
ing frem the essence of the mventmn

ations and changes as'come

- A booster

front. of

o the apex portion of the liner 46 ferwardly and toward the =

20 -

'censrstrng of 91% RDX and 9% wax. The central in- :

crement 45’ is formed from 1.5 grams ef explesrve com-

. rier 47" i$_ formed from 4.1 grams of a mixture eensrstmg'j o
of 20% RDX and 80% plaster of- Paris. | |
This perforating unit, ~when fired’ analnst a standard -

" steel-faced, cement filled target with the. open. front end

. of the. perferatmg unit. placed against the. steel face of the___ .
target, made an entrance hole of 744’ diameter in the steel

~ cessively and smoothly feeds the jet with a flow of liner .~ face of the target and penetrated- threugh the steel and_-' o

o particles of ever deereasmg velocity. Thus, the jet formed 25
‘upon detonation of the unit of FIGURE 3 has a leading

25

The barrier of 39

45

o 50
o lntecrrally with the annular portion 43’, the latter extend- =
. ing forwardly alerrg the: side walls ef rthe ‘case- to meet:-_
. the side walls of the liner 46".
. vides a truncated conical cavity 44" that flares forwardly -

o te meet the liner along a- ‘circular lme of mtersectron 5¢. 55

" RDX and 60% plaster of Paris, the entrance: ‘hole-
sure %g” x %" and the depth of penetration. was 9. o

- In each of the feregemg three tests, no earret was feund'-.- S
, 111 the hole. | | ¥ L

mte the cement a tetal distance .of 94"

o In a stmilar ﬁrmg test employrng the same type target -
| and the same type perforating unit, but wherein the com-
~position ‘of the barrier was 30% RDX and 70% plaster
- of Paris, the entrance hele was 4"’ in. dlameter and the -
a0 | o S
.. In a third .and: similar test, empleymg a perferatmg -

Referring to- FIGURE 4, the shaped expieswe eharge _:.umt wherein: the compesrtron of the barrrer was 40%

ilar to ‘the wnit -
but differs from. that of FIGURE -
"3 primarily in the shape of the barrier.
- the unit of FIGURE 4 takes the form of a truncated -
- conical body with the larger base facing forwardly and
 being concave, whereas the barrier of the unit of FIG-
~ URE-3isa cylinder having a concave front face.

depth of penetration was 8%4"’.

reas- -

‘Measurements ‘were made of the detonatrea Velecrtres; '-

""'111 several. explosrve pellets. like the barrier 47’ of FIG- 3;.':_ o
"URE 4, the composition of the pellets: being varied.. -
Portions of RDX, ‘having a:detonation- veloerty of 8.1. .

It has “ millimeters - per’ microsecond, were diluted with varying

- an axial boss 32’ providing a fuse slot 33" at the rear.
. A detonating fuse 34’ is. seated in the slot.”
cartridge; consisting of a cup 37’ containing a booster
~ ~charge 38" is fitted in a booster recess 35,
 the booster recess, the inner wall 48, ‘which has a eemcal_---j_
- surface, flares forwardly and merges with the curved wall =~
o 41", the Ilatter being srmﬂar te rthe curved wall 41 ef rthe- 3-'1,' -
L ;'umt of FIGURE 3. S

 percentages. of plaster of Paris and the mixtures used to
~ form the pellets.

The measured veleertres Were feurrd te_l |

Peliet. eempesitien' Detenatren velecrty,
percent RDX: L I, /see o
. '_1-0.:_—'—.‘."."'-.'-.“r"—._—'r'"_-—'f-'-.—-e.---“-'*--*--.-r--.--r--—-—.-"--- ----- 3‘78
20 o 443
| '5'3j0-...,._..._..m-....-.._,-..-.----..._;.-.---,--———m-—---- ——————— 5'65
40° 6.62

..........
—-——-—_-———H_““——ﬂ-ﬂ-ﬂ.__ﬁbﬂﬂi_“ﬁﬂ_m_-—_——_—_.—
............

In the type of charge tested the eempesrtren ef the barrrerff-?f__f'j,,___f:j‘:'j'.f
- The. o . may be varred between. 10% RDJ‘L with 90%. plaster of . .~
e main charge pro- ‘Paris and 50% RDX with 50% plaster’ of Paris to pro-

duce perferatrens having' approximately the dimensions

--_-':set forth .in the feregemtr description of the -tests.

60

~ Comparing: the barrier 47’ with the barrier- 47, the--hﬁ'-_._.-, o
- former has a slightly greater axial thickness and a:some-
‘what greater breadth at the front than does- the latter:
The mechanism of central low-order:and perlpheral high- .
| "V “order detonationis -analogous, in. the increment 43’ of
- Filling the space between the crenera]dy spherical rear " FIGURE 4, to that which occurs in the increment 45.0of
surface of the main charge increment 45’ and the walls of -
This -barrier is
- formed from an eapleswely active eempesrtren hke that-.j..-
- from which the barrier-47 is'made. - R

The perforating unit of FIGURE 4 may he leaeed ina

- FIGURE 3. Hewever in the case of the perforatmfr umt
cof FIGURE 4, the: zone of Very- high explosive energy that:___' T
© is produced by the merging of the high-order and-low=

"6-5_.' order detenatrens 1iS. se*rrewhat 1l:are:-.—rcfler than that eceurrmg R -

. '111 the perforating unit of FIGURE 3.

manner analogous to that described her einbefore wrthj g
_reference to FIGURE 3.  First the heoster cartridge 37,

hereafter, the. -
i ereaf er, the . '-pareat to these skilled in the art that various medrrreatrens: --

‘and changss in the shape, material. and relative positions . -
-of the various- eemperleats may. be: made without depart-

70

-~ ment 45 are prepressed- together to appremmately the - .

- desired form and the element so prepared - is inserted. 111;-_i-}”"—i”_..eever herein all sueh medrﬁ
Thereafter, the lrrler 46’ 'is pressed 1nte. 75

" While there have been illustrated and deserrhed herein
n 'taree embodiments of the present invention, it will be-ap-

It 18- 111te11ded fo-

Wrthra the trr.e scepe and spmt of the appended cl:ems

of the. main

The base section 42’ and the annular portion.43’ o
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I claim: | S -
1. A shapn..d explfoswe chclrge dewce comprising: a

3,100,445

'ch,arge of detonating explosive material capable of sus-

B taining high-order detonation and low-order detonation

therein, said charge having a front end and a rear end

20

said- charge, said barrler ha.vmg 2} substanually greater

width than its axial thickness and having the characteris- -
tics throughout at least substantially its entire width of

 blocking transmission .of high-order detonation- -initiating

opposite said front end and being symmetrical about a o

~longitudinal axis e’xtendiﬂg between said ends, said charge

pproviding a cavity in its front end symmetncal about said

axis, said rcawty having sidewalls converging to the rear;
10

- Q hner of inert material lmmg said cavity; means for

initiating high-order detonation in said charge at the rear
- end thereof and symmetrically of said axis; and a barrier
symmetrical about said axis embedded in said charge, all
portions of said barrier being po’sxtmned rearwardly of

. said cavity and spaced forwardly from said initiating

- means and inwardly from the outer surface of said charcre |

~ said barrier having a substantially greater width than its
. axial thickness and having the characteristics throughout
 at least an axially symmetrical central portion of substan-

- tial lateral extent of blocking transmission of high-order

- detonation-initiating energy forwardly therethrough and

- transmitting low-order detonation-initiating energy for-

wardly therethmugh to initiate a low-order detonation in
- the exploswe material on the forward side of said barrier
. in response to high-order detonation of the explosive ma-

15
- charge of detonating explosive material capable of sus--

energy forwardly therethrouﬂh and transmitting low-order
detonatmn—m:tlatmg energy forwardly therethrough to ini-
tiate a low-order detonation in the explﬂswe material

-on the forward side of said barrier in response to high-
“order detonation of the explosive material at the rear of

said barrier, said low-order detonation and the h1gh-0rder -

- detonation that travels forwardly around the periphery of -
‘said barrier merging in the explosive material between
said barrier and the rear end of said liner to formf a

composite detonation wave that attacks said liner. |
4. A shaped explosive charge device comprising: a

taining hzgh-order detonation and low-order detonatmn .
therein, said charge having a front end and a rear end -

opposite said front end and being symmetrical about a

longitudinal axis extendmg between said ends, said charge
providing a cavity in its front end symmetncal about said -

~axis, said cavity having sidewalls converging to the rear;

29

terial at the rear of said barrier, said low-order detonation

~ and the high-order detonatlon that travels forwardly
~around the penphery of said barrier merging in the ex-
- plosive material between said barrier and the rear end

~of said liner to form a comp051te detonatmn wave that at-
- tacks said liner. | - .
o 2. A shaped expllc}swe charge devme comprlsm g: a

charfre of detonating exploswe material capable of sus- -
. taining high-order detonatlon and low-order detonation
. therein, said charge having a front end and a rear end
. opposite sz—ud front end and being symmetrical about a -
. longitudinal axis extendmg between said ends, said charge
fprowdmg a cavity in its front end symmetrlcal about said
- axis, said cavity. having sidewalls converging to the rear;
" a liner of inert material lining said cavity; means for ini-
- tiating high-order detonation in said charge at the rear

.80

co
o

- a liner of inert material lining said cavity; means for o
_;"1n1t1atmg high-order detonation in said charge at the rear -
end thereof and syminetrically of said axis; and a solid

metal barrier symmetrical -about said “axis’ embeddrﬂd in

said charge, all portions.of said barrier being positioned
rearwardly from said cavity and spaced forwardly from

.—lll-

said initiating means and mwardly friom the outer surface
of said charge, said barrier having a substantially greater.
width than its axial thickness and having the character-
istics throughout at least substantially ‘its entire width

~of blocking transmission of high-order det0nat1on-m1tlat-_ O
ing energy forwardly therethrough and’ transmitting low-
order detcmatmn-mltlatmg energy ﬁorwardly therethrough =
to initiate a low-crder detonation in the exploswe material ©
on the forward side of said barrier in response to high- .

~order detonation of the explosive ‘material at the rear of

40

~ end thereof and symmetrwally of said axis; and a barrier |

symmetncal about said axis embedded in. said charge,

of said cavity and spaced forwardly from said initiating
means and inwardly from the outer surface of said charge,

- -said barrier having a substantially greater width than its .
axial thickness and having the characteristics throughc}ut

-at least sub-stantmlly its entire width of blocking transmis-

- - sion’ of high-order detonation-initiating energy forwardly

therethrough and transmutmﬂ Iow-order detonation-initiat-

_'___mg energy. ﬁorwardly therethmugh to initiate a low-order
. -~ -detonation in the explosive material on the-forward side
o ofsaid barrier in response to high- order detonatlon of the
.- explosive material at the rear of said barrier, said low-
~" order detonation and the high-order detonation that tr avels
o forwardly around the periphery of said barrier merging in
. the explosive material between said barrier and the rear

end of said liner to form a compasﬁe deﬁonatmn wave

- that attacks said liner.
. 3. A shaped exploswe charge dwme cromprlsmg a
| charge of detonating explosive material capable of sus-

© - taining hlgh-order detonation and low-order detonation . -

~ therein, said charge having a front end and a rear end

- . lopposite. said front end and being symmetrical about a’
.~ longitudinal axis extendmg between said ends, said charge
Gl '_prowdmg a-cavity in its front end. symmetncal about smd
Coaxis, said cavity ha,vmg sidewalis converging to the rear;

‘sala barrier, said low-order detonation and the high-order

detonation that travels forwardly around the periphery of
said barrier merging inthe exploszve material between

said barrier and the rear end of said liner to form a

| "cnompomte detonation wave that attacks said liner.

all portions of said barrier being positioned rearwardly - '

oV

~ 5."A shaped explosive charge device comprlsmg a :
T charge of detonating explosive material capable of sus- -
- taining-high-order detonation and low-order detonation
~ therein, said charge having a fmnt end and a rear end
'mpcsﬂe said fmnt end “and bemn' symmetrical about @
| -langltudmal axis e‘{teqdmp between said ends, said charﬂet S
providing a cavity-in its fmnt end symmetrical about’ sa1d" FRR
~ axis, said cavity having sidewalls converging to the rear; =~
a I:mer of -inert material lining said cavity; means for =
: initiating high-ordsr debonaﬂon in said oharﬂe at ths rear
~end thereof and symmetrically of said axis; and a solid =
steel -barrier symmetrical about said axis embedded in
said charge, all poritons of said barrier bemg positioned

'rearwardly from said cavity and spaced forwardly from

said initiating means and inwardly from the outer surface

60

a liner of inert material lining. sazd cavity; means for ini-

_tiating high-order detonation in said charge at the rear
. —end thereof and symmetrically of said axis; and a solid
- barrier syxmnetrmal about said axis embedded in said

~ charge, all portions -of said barrier bemg positioned rear-

| ';.-;'wardly from said cavity and spaced forwardly from said

_ 1n1tlat1ng means, and mwardly from the outer surfac:c Of

75

of said charge, said barrier having a substantially greater
width than its axial thickness: and having the character-

°" . istics. throughout at least. substantially its entire width
of blocking: transmission of high-order detonation-initiat-
ing energy forwardly therethrough and transmitting low-

order detonation-initiating energy forwardly therethrough

to initiate a.low-order detonation. in the explosive mate-

‘rial on the forward side of said ba,mer inn response to hxgh-_ |
order detonation of the exgloswe material at the rear of .

said barrier, said low-order detonation and the high-order -
'--'detonaawn that .,rave’fs Forwardly around the periphery of

. said barrier merging in the explosive material between said

~ barrier and the rear end of said: liner to form a composlte

: detan ation wave that: attacks sald liner.

6 A shaped explosive charge dewce compnsmg | a L |
- - charge of detoﬁratmg explosive material c:apable of sustain~: L
ng hlgh-order detonatmn and low—order detonatwn there—g-'; R




2]1

Cm, said charge having a front end and a rear end opposite
 said front end and being in the form of a body of revolu-.
~tion about a longitudinal axis extending between said
~ends, said charge providing a cavity in its front end sym-
S metrmal about said axis, said cavity having sidewalls con-
- verging to the rear; a lmer of inert material lining said
cavity; means for initiating high-order detonation in said :
charge at the rear end thereof and symmetrmally of said+
“axis; and a solid, dlsk-shaped barrier symmetrical about:
said axis embeddud in .said charge, all portions of said:
- barrier being positioned rearwardly fro
-~ spaced Lforwardly from said initiating means =and inwardly
 from the outer periphery of said charge, said barrier hav-
 ing the characteristics throughout at least substlantlally its
. entire width of blocking transmission iof high-order detona-
tion-initiating energy forwardly therethrough and trans-
- mitting low-order detonation-initiating energy fﬁrwardly
- therethrough to initiate a low-order detonation in the ex-
| '-':ploswe material on the forward side of said barrier in-

ponse to high-order detonation iof the exploswe material

liner to form a cemposm detanatmn wave. that attacks

| ..-S&Id lmer | o o
7. A shaped exploswe charge demce camprismg a
charge of detonating explosive material capable of sus-.
. taining hlthOI'del‘ detcnatmn ‘and: low-order - detonc.tmn; |
“therein, said-«charge having a front end and a rear end
~opposite said front end and ‘being in the, form of ‘a bed}f}' )
. of revolution about a longitudinal axis extending between
 said ends, said charge prowdmg a cawty in its front end

-said cavity and

3,‘100,445 o

29

i forwardly therethmugh and transmitting low-order detona— -

tion-initiating. energy forwardly therethrough to initiate.

a low-order detonation in the explosive material on the

f@rward 31d~e of -said barrier in response to hwh-orderg N
detonation of the explosive material at the rear of said
,j'barrler said low-order detonation and the high-order™ -

- detonation that travels. forwardly around the periphery of

| -__sa1d barrier merging in the explosive material between .
. said barrier and the Tear end of said liner to form a

10

'composﬂe detonation wave that attacks: said liner.:.
9. A shaped explosive charge device comprising: a.
cbarge of detonating explosive material capable of sus-

~taining high-order detonation and low-order detonation:

. therein, said charge having a front end and a rear end |

15 -

opposite said front end and being symmetrical about a.
longitudinal = axis extendmg between said ends,
charge pmwdlng a cavity in its front end symmetncal-;_. -
‘about - said axis, said cavity having sidewalls converging.
. to the rear; a lmer of inert material lining said cavity;
20"

| at the rear of said barrier, said low-order detonation and:
- the high-order detonation that travels- mrwardly around
the perlphery @f said barner merging: in the EKPI'O-JIVQ'
material ﬂaetweeﬂ said barrier. and the - rear- end of said

said

means for initiating high-order detonation in-said charge

“at ‘the rear end thereof and symmetrically of said axis;
| and a solid barrier symmetncal about said axis embedded -
- in 'said. -charge, all portions of said barrier being posi- =

| tioned reu:rwardly from said lcavlty and spaced forwardly

" surface of said charge, said barrier comprising an ex- -

from said initiating means and inwardly from the outer

" _plosive substance capable of sustaining therein a detona-

30

'symmetrlcal about. said axis, said cavity having sidewalls

converging to the rear; a- liner of inert material lmmgf:
~ said cavity; means. for initiating high-order detonation in.
- said charge at the rear end thereof and- symmetrically of

said axis; and a solid, dlsk-shaped barrier of steel sym-

 of the explosive material at the rear of said barrier, said
- low-order detonation and.the. high-order detonatmn that
. travels f{}rwardly around the perlphery of said. barrier
- merging in the  explosive’ material between said barrier
- and the rear end of said liner to form' a 'composﬂe detﬁna-f
_t1011 Wave that 1attacks seud 111'131‘ | | --

taining h1gh-ordel detonation and low-order detonation

. therein, said charge having a front end and a rear end’
- opposite said front end and being in the form of a body

- of revolution about a longitudinal axis exiendmg between
© said ends, said charge pmmdmg a cavity in its front end
- symmetmcal about’ said ams, said- cavity: having sidewalls
© . converging to the rear; a-liner of inert materlal lining
- said cavity; means fﬂr ‘initiating ‘high-order “detonation
. in said charge at the-rear end: thereof and symmetrically
| --'.'__i-.of said ‘axis; and a solid, substantially uniformly thick,
- d1sla..-shaped barmer of ‘metal having a sphan al- curvafureg |
. symmetrical about said axis embedded in said.charge, all

-~ portions of said' bamer bemg pOSlthIlEd rearwardly from

~charge, said barrier having the characteristics thmugh-" - and the rear end of said liner to for

. out at least’ substantlally its  entire. width of bloc cking o

" -:transmlsswn of hlﬂ"h-ﬂfdﬂl detmatlon—lmtlatmg energy 75
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tion of an order not greater than: low-order, and said
- barrier having the characteristics throughout at least sub--
~stantially its entire width of blocking transmission of hig

order detonatxon-lmuatmg energy forwardly. therethmugh;

| “and  transmitting low-order detonation- -initiating energy

forwardly therethrough to initiate a low-order detonation
in . the exploswe material on the forward side of said
barrier in response to high-order detonation of the ex-
plosive material at the rear of said barrier, said low-

- order detonation and the hlﬂh order defonatlon ‘that

| ____;travels fGI‘WaI'dly around the Perlphery of sznd b&rner:' -

‘metrical about said axis embedded in said charge, all por-
~ tions of said barrier being positioned rearwardly from
. said cavity .and spaced forwardly from said mltlatmg;__ -_

~ means and inwardly from the outer periphery of said
charge, said barrier having the characteristics throughout
. atleast substantlally its entire width of blockmg transmis-
" sion of high-order detonatmn -initiating- energy forwardly'
~ therethrough and transmitting. low-order. detonation-ini-
© tiating energy ﬁ{}rwardly therethrough to. 1initiate a fow-

- order detonation in the explosive material on the forward
side of said barrier in résponse to high-order detonation

45

~ merging. in the explosive material- between: said barrier |
40

-and the rear end of said liner to form a composne detona—-'- o

*tmn wave that attacks said liner.. DRI | |
10. A shaped expiosive cha:rge device comprlsmg a

" -_"_:'_Chﬁl’ge of detonating explc}swe material capable of sus- -
~taining high-order ‘detonation and low-order detonation.

therein, said charge having a front end and a rear end

_-_.._opPDSIte said fmnt end and being symmeirical about a |
- longitudinal axis: extending between said ends, said charge

providing a cawty in its‘front end symmetncal about- )

- said axis, said cavity having sidewalls converging to the -

50

o _'charge of detonatmg exploswe materlal Icapable Of sus-—: |

60

rear; a liner of inert material lining said cavity; means

for 1n1tlatmg ‘high-order detonation in said charge at
the rear end thereof and symmemcally of said axis; and . ..~
- . solid barrier stmetncal about “said’ axis embedded,'i I
_in said charge, all portions of said barrier bemg positioned -
-'.rearwardly from said cavity and spaced forwardly from .

said initiating means and mwardly from the outer surface.
of said charge, said barrier comprising an intimate mix- -

ture of a ﬁnely dmded h1gh-exploswe substance and a
finely divided inert diluent therefor in proportions to
render said barrier capable of sustaining therein'a detona- -+ -
tion of an order not greater than low-order, and said
~barrier having the characteristics throughout at least sub- ==~ -
-stantially "its entire width . of blocking transmission of

__...h1ghd0rder detonatlon-lmtlatmg energy. forwardly there- - '

65
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- said’ {:awty and spaced forwardly from said 1n1tiatmcr,j_'
means - and mwaxdly from ‘the outer. pnrzphery of said .

through and transmitting low-order detonation-initiating.
- energy f{}rwardl}’ therethrough to 'initiate a-low-order

- detonation in the’ explosive material on the forward side |
- of 'said barrier in response to hIgh-ordm detonation of
- .the explosive material at the rear of said- barrier, said
low-order detonation and the high-order detonation that

| tra,vels forwardly around the penphery of said -barrier '

~ merging in.the explosive material between said barrier -

12 composﬁe detona—-. :
1:101:1 wave that. attacks said liner. .

11 A uhaped e‘iploswe charge device comprlsmcr a S



_ o._promdm
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~ charge of "detonati'ng explosive material capable of sus-
- tamning high-order detonation and low-order detonation

8,100,445

‘therein, said charge having a front end and a rear end

- opposite said front end and- being symmetrical about a

. longitudinal axis extending between said ends, said charge
o _{prowdmg a cavity in its front end symmotncal about said
 axis, said cavity having sidewalls converging to the rear;

 a liner of inert material lining said cavity; means for

initiating high-order detonation in said charge at the rear

 end thereof and symmetrloally of said axis; and a solid

 barrier symmotncal about said axis omhoddod in said

charge, all portions of said barrier being positioned rear-

- wardly from said cavity and spaced forwardly from said
. Initiating means and inwardly from the outer surface

~ of said charge, said barrier comprising an intimate mix-
ture of ﬁnely divided Cyclonite and finely divided plaster
of Paris in proportions to render said barrier capable

10

15

_j,,charar*torlstlcs throughout at least an axially sym B
- central portion of substantial lateral ‘extent of blookmg_

having a rearwardly convex, substantially spherical, apex
portion that extends across a wide central area of said
charge and side portions of ﬂradually deoroasmg curvature
extending forwardly and outwardly from said apox por-

tion; means for initiating high-order detonation in said

oharge at the rear end thereof and symmetucally of said
axis; and a barrier symmotmoal about said axis embedded
in sald oharge, all portions of said barrier being posi-
“tioned rearwardly of said cavity, and spaced forwardly
from said mmamng means and inwardly from the outer

surface of said charge, said barrier having a substantially
greater 'width than its axial thickness and having the
etrical

transmission of high-order detonation-initiating energy

forwardly therethrough. and transmitting low-order det-

- onation-initiating energy forwardly therethrough to ini-

- of sustaining therein a detonation of an order not greater

- than low-order, and said barrier having the characteristics
- throughout at least substantially its entire width of block-
o detonatlon-lmtlatmg o

 energy forwardly thorethrough and transmitting low-order

.. detonation-initiating energy forwardly therethrough to =
- initiate a low-order detonation in the explosive material

"~ on the forward side of ‘said barrier in- response to high-
 order detonation of the explosive material at the rear

- of said barrier, said low-order detonation and the high-

ing - ‘transmission -of hhgh-ordol'

~order detonation that travels forwardly around the pe-
riphery  of said ‘barrier merging in the explosive mate-
rial between said barrier and the rear end of said liner
~to form a composne dotonatlon Wave that attacks sald
liner. | |

120 A shaped exploswe oha:rgam device cornpnsmg a
charge of detonating explosive material capable of sus-

o taining high-order. detonatlon and low-order detonauon

‘therein, said charge having a front end and a rear end
'opposno said front end and being sy
Jongitudinal axis oxteodmg between said ends, said oharge

"--.lner having a rearwardly convex, substantially spherical,

imetrical a‘oout a

.a cavity in its front end symmetncal about
- said axis, said cavity having sidewalls converging to the
- rear;. a. lmor of inert material lining said cavity, said

20
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~ charge of detonating explosive material. capable of sus-
taining high-order detonation and low-order detonation -

‘therein, said charge having a front end and a rear end
30 -
~of revolution about a longitudinal axis extendmg between
said ends; said charge promdm a cavity in its front end

35 &
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- apex portion that extends across a wide central area of
. said charge and side por‘uons extending forwardly and
~ outwardly from said apex portion; means for initiating
high-order detonation in said cha.rgo at the rear end there-

_Of aﬂd SYHImStllcally Of Sald MIS ﬂnd a bafrler sym_ o

o metrical about said axis embedded in said charge, all por-
~ tions of said barrier being positioned rearwardly of said -

~cavity and spaced forwardly: from said initiating means

- and inwardly from: the outer surface of said . charge,
- said barrier having a substantially greater width than its
- -axial thickness and having the characteristics through-
~ -out at least an - axially symmetrical central portion of

~ substantial Iateral extent of blocking transmission of high-
© " order detonation- initiating energy forwardly therethrough

~ and transmitting low-order dotomhon-mmatmg energy

lorwardly therethrough to initiate a low-order detonation

in the explosive material on the forward side of said

L 60
plosive material at the rear of said barrier, said low-

barrier in response to high-order detonation of the ex-

- order detonation and the high-order detonation that

‘merging in the exploswe material between said barrier and

| . the rear end of said liner to form a COH]PO.:-HB detonation
 wave that attacks said liner. - |

50

~ travels forwardly arcund the poriphery of said barrier

65

13. A shaped exploswo charge devwo oompnsmg af-

o ohargo of detonating explosive materal capable of sus-

taining high-order detonation and low-order detonation

~therein, said charge hsmng a front end and a rear end
. opposite said front end and being symmetrical about a
 longitudinal axis extending between said ends, said charge

providing a cavity in its front end symmotrlcﬂl about said

. axis, said cavity having sidewalls converging to the rear;
a lmer of mert matenal hmng sald cawty, said liner

(CI

55

tiate a low-order detonation in the explosive material _

on the forward side of said barrier in response to high-
1aterial at the rear of

order detonation of the explosive
said barrier, said low-order detonation and the hlﬁh-order

‘detonation that travels forwardly around the penphely .
- of said barrier merging in the oxPloswe material between

said barrier and the rear end of said liner to form a com-'.' ' |
posite detonation wave that attacks said liner. | :

14. A shaped oxPloswe charge dowoo lcompi‘:tsmrr a, "

opposite said front end and being in the form of a body

symmetrical about said axis, said cavity having sidewalls =

oomergmg to the rear; a lm er of .inert material lining
aid cavity, said liner lhB.VlIl g a rearwardly convex, sub-

stantially spherical, apex portion that extends across a

wide central area of said charge and side portions of
- gradually :dooreasmg curvature extoodmg forwardly and

outwardly from said apex portion; means for initiating
high-order detonation in said ohargo at the rear end there-

- of and symmetrically of said axis; and a solid, substan-. '
'tlally unifors

| —

ly mhmh, d1sk-shaped barrier of metal hav- .
ing a sphemcal curvature symmetrical -about said axis =
embodded in said charge, all portions of said barrier being

positioned rearwardly from said cavity and spaced for- .
wardly from said initiating means and inwardly from the
outer periphery of said charge, said barrier having the e

- characteristics throughout at least =substant1ally ifs entire.

width of blocking transmission of high-order detonation-

initiating energy forwardly therethrough and transmitting
- low-order detonation-initiating energy forwamly there-

through to initidte a Iow—order detonation in the explosive

material on the forward side of said barrier in response .
to high-order detonation of the explosive material at the
rear of said barrier, said low-order detonation and the
high-order deltona,tlon that travels. forwardly around the
~periphery of said barrier merging in the explosive ma-
‘terial between said barrier and the rear end of said liner

to form a comp osﬂo detonatlon Wave that attaoks saxd:- |

iner. o b
15. The method of ﬁrmrr a dotonatlng exploswo cha,rge;' L
having in a face thereof an outwardly opening cavity
symmetrical about an 'a:xm, said cavity having sidewalls

converging to the rear, said charge being oapable of sus-

taining low-order detonahon and- ‘high-order detonation ! i
therein, and said cavity being lined Wlth a hnor whloh .
| TI@Lth comprises the following steps; Lo ol
~ (a) initiating a low-order detonation in said chango 111"" Iy
. a zone symmetrloal with said ‘axis and "spaced in-

70 o

wa.rdly from the inner end of said cawty, and -
( b) initiating a thh-ordor detonation in and through |

out a second zone in-said charge, which zone is
located in a plane transverse to said axis, is spaced.

o inwardly from the inner end of said cavity, is posi- -

tioned symoemoa}lly about sald am land 1S dlsposed -
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amund said zoﬁe of initiation of 10w—~order detona-

' tion, the initiation of said high-order detonation being
performed - in predetermined  time relation to the

initation of said low-order detonation to cause the

detona,’nwn waves re_sultmg from said initiations to

~ merge in a zone located in said charge between said

- zomes of initiation and said cavity fo form a compo- =

~ site detonation wave that attacks said liner.
- 16. The
having in a face thereof an outwardly opening cavity the

‘an axis, said cavity having sidewalls converging to the

1ethod of firing a detonating expleswe charge .

- 10
. walls of which are defined by a surface of revolution about

- rear, said charge being capable of sustaining low-order -

- detonation and high-order detonation therein, and said

- cavity being lined with a liner, which unethod campnses
. the following steps: |

(a) initiating a lo-w-order detonatmn in said charge |

in a zone coaxial with said axis and sp aced mwan_'dly
~ from the inner end of said oawty, and
(b) initiating a h1gh-order detonation in and through—

out an annular zone in said charge, which zone is

located in a plane normal to said axis, 1s spaced in-

1

- 26

penformed in predetermmed time relatlon to the

initiation of said low-order detonation to cause the

- detonation. 'waves re:sultmg from said initiations to

~ merge in a zone located in said charge between said

~ zones of initiation and said cavity to form a co
- site- detonatmn wave that attacks sand luner
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