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BACKGROUND OF THE | NVENTI ON The present invention relates to warh
configurations and, in particular, it concerns a warhead conflguratlon for
maki ng a | arge-di aneter hole through a wall of 5 a target. It is known to
enpl oy woghap®el charge to produce an intense axial hypamebo@i4y jet for
applications such as arnor piercing. The shaped charge is generally forned
with a conical recess located axially inits front face. This results in
intense axial jet that creates a very small hole in the target. In many
applications, 10 however, itWadhdad Genfimettivnto enpl oy a shaped charge to
forma relatively large- dianmeter hole in a wall of a target There is
therefore a need for a warhead configuration which would forma relatively
| ar ge drgTad annih @k droagibomaiE IfvENTrrget . SUMVARY OF THE | NVENTI ON 15
The present 1 nvention is a warhead configuration for formng a relatively
| arge di amengr pragdng ibfuhtivg helatcwad Im@ﬁeaa &oa;rgetmoﬂmﬁdi dinngeriienldher t eachi ngs
of the present invention there is provid a warhead conflguratlon for
f or m ngSPFRF GevAaPeatetuieHEen fof BakRe & laf&mdlwetaf bele Jerevsh pdvallgl head
confk gua égn conprising: (a) a shaped charge of explosive material, the 20
char ge ng an axis and presenting an annular front surface portion
ci rcunscri bilngs RM®wmxksen¢hafanmbM&ﬂ fchoge sunﬁameep@nthmnwbemd@
configu ed s t a_congave zugwofl e. as g?d n,a Cross-section
o
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concaveggiesityl fenbai Weth GOdtni A LFeReksuEdRed Jﬂ@ﬁl])ﬁmV@é:fr@ﬁt At Bed tebalts jput war d
fromthe part normal to the annular front surface: Portlon diverges fromthe
25 axi sintepsel axigl i 1h?tn@rﬁafaﬂpa\*9aﬁtsm8 hode i Sy 13526t omany aPaHERicas. f ront

sur hgce, ROLLL O wolRPHE JsSrufl égmgfogvé Qﬁag;eé%oxr@ B%oq. 4 Pe?aﬁx%ﬁp Ripas of the
pr esent I nvention, a warhead ¢ iguration for formng a |arge=di aneter

hol e t hdiemgter hobacih b wofl of attargget , t he

There is therefore a need for a warhead configuration which would form a

relattvely large diameter hole through a wall of a target.

SUMMARY OF THE INVENTION

15 The present invention is a warhead configuration for forming a relatively large
diameter hole through a wall of a target.
According to the teachings of the present invention there is provided, a
“warhead ¢onfiguration Tor forming a large-diamelér hole through a wall of atarget, the ~
warhead configuration comprising: (a) a shaped charge of explosive material, the
20 charge having an axis and presenting an annular front surface portion circomscribing
the axis, the annular front surface portion being configured so as to exhibit a concave
profile as viewed in a cross-section through the shaped charge passing through the
axis, at least part of the concave profile being configured such that a vector projecting
* outward from the part normal to the annular front s:urface portion diverges from the
25  axis; and (b) a liner adjacent to at least part of the annular front surface portion.
There is also provided according to the teachings of the present invention, a
warhead configuration for forming a large-diameter hole through a wall of a target, the

warhead configuration compnsing: (a)a shaped charge of explosive material, the
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war head configuration conprising: (a) a shaped charge of explosi-v8 JUL 2004
material, the 1 8 JUL 2004 WO 01/63199 PCT/1L01/00147 shaped charge havi ng
an axis and presenting a front portion for facing towards the wall during
detonation; and (b) a liner adjacent.to at |east part of the front portion,
wher ei n woamishaped charge and the liner are configured sughrLohatss when the
shaped charge is detonated, a majority of material fromthe liner is
substantially concentrated into an expandi ng conical path. According to a
further feature of the present invention, the expanding conical path has
an angl eshaptdtharge thavinhennaxiis nof phestnmimgn &loatpodidn fen dacidyo ttwils BRI EF
DESCRIPTICW OE T EFMNVRE? E?eljnve tion ishggrein dgﬁg&}bed, by way of
exanpl e SAINUIRE Cftanatiy ddb) d 1ingagipent & dhisanlyPRY OB s AsPortipRyr e n:

FIG | i §haRin #RMBhpIE DrNR 1R MRE REAELHY DAL ihe wHeANSE sheleed and
operative according to the teachings of the present invention, for formng
a |arge chirgamstdstonpisdea raraiiykf maigak| from the diaegstsubsrar@allp cogeemtrated

Crosszsect | i < K hrough the axis of the warhead 15
confi%urgéé%ﬁé%?xéﬁgbéggsq?&hnd FIG 3 is a cross-sectional viewtaken:
through the axicerdifig &o b doltiee dedt@ngifhhe pastmihvaniohhBewaphamsk esiitdigur ati on
of Figure é DESCE%ET&%N OF THE PREFERRED EMBODI MENTS The present invention
i s a war PRBESBRSSFERIVE L heaxsof Brtiea abart d8” ardahoues0® 20 hol e through a
wal | of a target. The principles and operation of warhead configurations

accordi e j e be better understood with reference
to the M&gﬁgﬁ—‘ﬁ&b&%ﬁg%. rrg—descri ption. Referring now to the

-~ draw ngs, Figyres | . .and show a.war head confi gurati.on, .
: ) gs, _ e SRventidNYs %erem (Y%scng/e\%_. By way Oi’n exarnple only. Wwith reference to

10 the accompanying drawings, wherein:

CU

FIG. 1 1s an isometric view of a warhead configuration, constructed and
operative according to the teachings of the present invention, for forming a large
diameter hole through a wall of a target;

FIG. 2 is a cross-sectional view taken through the axis of the warhead

15 configuration of Figure 1; and
FIG. 3 is a cross-sectional view takeri through the axis of a reduced-length

variant of the warhead configuration of Figure 1.

- DESCRIPTION OF THE PREFERRED.EMBODIMENTS .. - oo e

) The present mvention is a warhead configuration for forming a large diameter
20 hole through a wall of a target.

The principles and operation of warhead configurations according to the
present mvention may be better understood with reference to the drawings and the
accompanying description.

Refernng now to the drawings, Figures 1 and 2 show a warhead configuration,

25 generally designated 10, constructed and operative according to the teachings of the
present invention, for forming a large-diameter hole through a wall of a target.
Generally speaking, warhead configuration 10 includes a shaped charge 12 of

explostve material having a front portion for facing towards the wall of the target
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25 general ly designated 10, constructed and operative according _t% Dg 200%
teachings of the present invention, for formng a |arge-dianeter hg
through a wall of a target. Gener al | y speaki ng, warhead configuration 10
i ncl udes a shaped charge 12 of explosive nmaterial having a front portion
for faciwgeit@aymrds the wall of the target - 8 JUL 2004 pdn@ar/83409
PCT/1L01/ 00147 during detonation and a liner 14 adjacent to at |east part
of the front portion. Shaped charge 12 and liner 14 are configured such

t hat, when shaped charge 12 is detonated, a majority of material front

|i ner 1l4lviisg detosationtinal 4 jinwoklcedizaeat wchtilpasbparh oéiéwaly reitgrevhisdapehat h. I n

f di 5
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whi ch adﬂzﬁdy‘lﬂﬁsofa;hatanﬁlpﬁeﬁ fher! Dllgshlswybs%ﬂfﬂ]m'lc&;ceﬁum&ﬂ ngtoaalhekﬁartdlmpugh t he
wal | of t tar get To achieve this effect, aped charge 12 preferably
f eat ur esonifalasHl I prefermt casey heamatepal aresh iqﬂs UFF BN AT AP of

SyMMBL Iy, L REmEdas ﬁﬂ;rg aQEB%Es%Eztedf g&e&mﬁém:fyagg rmgtluon whicrconf i gured

SO as to%‘gﬁigilt a concave p le 16 as viewed in 1 gure 2 (a

. Cr 0ss- sadtinoes athrspcng;fpfshagiéyj ’&Whnngyecmznpashgleﬁgrwah @)‘wg\halhﬁf télelfa,get At Ieast
part of the % ave }3 - her(f a él’re Aot BaafOL i anmﬁ %ch that a
vector v. BRG] 8‘éet YwagReT a7 RASETR TF0TThE AWK FY ont
surface s@ﬁi&.' oMicH YREGRSribinz0M axdsSof l@mrﬁl’t@f £3 ablys chﬁrh@rﬂﬁmbﬁﬁﬂﬂf t he
profile are angled so as to provide nornmal vectors v" parallel to, or even

angl ed dionghirfage portionds corhguredpe 21 1, extpltiba cerve PErTHg 195s véeral i,
)ggr?n;aﬁ'e {9 (E'c%?ké’cnm uyaﬁoﬁ' HEh RR002 HhG: rgﬂcmgh\éﬂi]stmjugt \&yperi enced

erent parts |ner Feadt using of the liner into a
concent patted thd ng:cawhercéil& H&ye Mbeledabﬁta paaccmf'ghteyl mhghamewaiter tor’fore the
expanding EFR  The rin nds. However,
The 1 adHirreevet Pogat ey ool PR BRTR! sriis Rufef RITES or ovi de a

cont i NUGHsy SUE 18.1:eRedI, eherWahth obthetfisfileardfigletd 4d to ;ﬁh@zuk Gobainot ed t hat
t he war head conflai?]uratl on of the present invention -is wuseful in a wide

range ofeelpily Pardlisht, oneyadged %lﬁ“lhé?‘”ﬁrrﬁ%n*’t%HXIt?ds bhessCRPYgeWE |s  and
bar rl'ser%eaiars oliini5e cloBe1d 18Rl BfecBbn bEMEIABISRY thiubt MpklieReagt ed t hat

t he warh iguration o
the different parts of the liner, lead to focusing of the liner into a concentrated ring
where they at least partially conglomerate to form the expanding EFR. The ring may
break into. fragments as it expands. However, the fragments are still generally
sufﬁcientlyr close together to provide a continuous cut through the wall of the target.

- 20 It shovld be-noted-that-the warhead configuration of the present invention-is. . ... ... .
useful in a wide range of applications including, but not limited to, breaching walls
and barmers of many kinds. _

In a matter of terminology, it will be noted that the warhead configuration of

the present invention is described as forming a large diameter hole. It should be noted

25  that the term “large diameter” as used herein in the description and claims refers to a
diameter exceeding the outer diameter of the shaped charge. The large diameters
achievable by use of the present invention stand in clear distinction to the prior art

shaped charges which concentrate the liner into a jet or projectile of diameter smaller

than the diameter of the shaped charge.



the present invention is described as formng a | arge dianeter hol
shoul d be noted 25 that the term"large dianeter" as used herei It
description and clainms refers to a dianeter exceeding the outer dianeter of
t he shaped charge. The |l arge dianeters achievable by use of the present

| nvent i ojoshi@fde i N clear distinction to the prior art shepgthi@banrges which
concentrate the liner into a jet or projectile of dianeter smaller

t he di ameter of the shaped charge.

Turning now to the features of the present invention in nore detai
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varyi ng inkefflaandahitiings disitheiohiofthd hioUgll the Vyrhagetnamdss esgodivon to a

flat band. In the inplenentation shown jn Figures 1 and 2, initiat
per f b} rre‘ﬂfegtﬂﬁ parameters are preferable chosen to impart a velocity to parts of the liner of

90

25

30

between about 1000 and about 4000 m/s, and most preferably, of about 2500 m/s. The
expanding conical path of the EFR preferably has an angle O relative to the axis of
between about 10° and about 50°. Fine adjustment of the relative velocities of different

parts of the liner may be used to shape the cross-sectional profile of the resulting EFR,

In the implementation shown in Figures 1 and 2, initiation i1s performed at a
ceniral position at the rear of the charge. The use of a somewhat elongated conical rear
end serves to ensure substantially simultaneous initiation across the annular front
surface portion. The imtiation method can be changed from point initiation to
peripheral initiation. In this way the charge length can be shortened. Figure 3
illustrates one example of a peripheral initiation implementation where shaped charge
12 includes an inert wave shaper 30 deployed so as 1o provide a peripheral initiation
effect. Alternatively, multi-point initiation may be used.

The material used for liner 14 may be chosen from a wide range of suitable

materials. Preferred examples include, but are not limited to, metallic materials such
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ion is

varying from a round cross-section through a V-shaped cross-section to 2 flatband. 7~



central position at the rear of the charge. The use of a sonewhat el ongated
conical rear end serves to ensure substantially simultaneous inktaag%pnﬂmq
across the annular front surface portion- The initiation nethod can
changed frompoint initiation to 25 peripheral initiation. In this way the
charge | gkl 6N be shortened. Figure 3 illustrates opprexaele of a
peripheral initiation inplenentation where shaped charge 12 i1 ncludes an

i nert wave shaper 30 depl oyed so as to provide a peripheral initiation
effect. Alternatively, multi-point initiation may be used. The materi al
used f oraddlwemuiy coppyerb@nghas eteef, nomaadwirdgumahgesrain sased, abirer nd0e
materials. Preferred xanpges include, but are not limted to, netallic

mat er i al OB %“ﬁ”ﬁ““iﬂﬂ% P804e Wis%1/ 63199 PCT/1L01/ 00147 as al uni ni um

copper, tungst %ui@tb@eﬁoted UQ{E‘ vnshrkRBtRlHEY b rbsclﬁét‘@hﬁh}&aﬁ'§§t sitedck ner made
fromplastic materials may be used. It should be noted that the surface

r ef er r edpardongsisttywicalynpart ef a temimuosufroatcwrfopoef iherhaigs. leepfqmll d@lhpart of a
continuo charge. The .f centr portion
ol osebt TRl PRlion LR bl {8 EBGHT ol i Birab T ar B ERD  een

i nvent i oiventiou} bu‘(&zya)}l)lﬁb aﬁpﬁaadc@dmgrtdtmzt@ ippEcgionad papplid saditidial t o
provi de additional advantageous properties. In npst cases, the annul ar
front sAdvARBSSOS PrOpRTIEST Fempdudsss: ths 2apvice fept swBGe PRRIR coFresnasds ot al

front Sqﬁfa@%spiboﬁhﬁﬂ?gfﬂﬂ%ﬁﬁﬂa% &kl ev\@p,t 9@5@&% E€h2 al Qxe%d 1111%1 and nost

preferably, at |east about 80%t hereof. n experi nment al war head
conflguﬂamxgﬂSlauhmsﬁbsehnﬁennhkmnahad&D%Hhmkbér extrenely effectlve

cutt g properties. onated a short .di C [

Ve 'S ProP i Sime ol a i Seapeupi RhARS hesh i @ T 1 10
times thﬁfeereaﬁg@elq}l e’ff&t;eé cmh_ B peelcanat adaefard@mraueatqaﬂ@afé;c@fxceai?@ww 1-5
charge dianeters depending upon the target material and thickness. \Wen

the axi s¥db 2idhen cimsuiep dplses prodnerd: dbe et el peintn arusedipabems Jnkl |, an
el lipti Ctﬁﬁessbﬁp%r%lﬂpld?aﬂxéerc(v%@ﬁ &fktondfeg St h rz;gana@fﬁ L xbégn Suliipg through
steel is between about 1 and about 0.2 of charge di aneter; dependi ng
upon t heliapeeisf depedding nppatibe itaget usatdrial and thrckness When the axis of the
15 charge is not aligned perpendicular to the wall, an elliptical shaped hole is created.
The cutting ability for cutting through steel is between about 0.1 and about 0.2 of the

charge diameter, depending upon the specific liner material used.

It will be appreciated that the above descriptions are intended only to serve as
_examples, and that many other embodiments.are possible within the spirit and the ...

20  scope of the present invention.
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It will be appreciated that the above descriptions are Intended only to
serve as exanples, and that many other enbodi ments are possible_ 't@ln Q%h]f
spirit and the 20 scope of the present invention. 8 JUL 2004 WHAT® |-&'L-
CLAIMED I S: 1. A warhead configuration for formng a | arge-di aneter hole

thro b ?ﬁﬁgghﬁ ., the warhead configuration conprising: (a) a charge
of ex % »"*sai d charge having an axis and presenting an
annul ar front surface portion circunscribing said axis, said annular front

surface pqrtiomn %’rﬁ&d?éﬁﬁﬂ%ﬂﬁtﬂﬂm $& fsindiRy XNirPd-HiAnQON a8 thron® al e as
viewed in a cross-section through said charge passing through said axis,
at | ewdl ofa@targeif theavatheathcendizupatodn ¢ampwesing: confi gured such that a vector
projecting outward fromsaid part normal to said annular front surface
portion d%iv)er gaschargen ehiaxplosive matetiak opaidy ehngss ihpwingumni ayis @hdough no

nore than 90; and (b) a liner adjacent tout |east part of .gaid annular
front surtace Buserole Syupian Bot ke bditions gt 2BdSat or | al
fromsaid |ineg iS5 058 i i af: E&ﬂ i.ng. 2.
The war head co%ﬂ‘gﬁl{g{'l onr%‘P ¢ ngfbrIrll @Hgg@f;%ﬁggbgﬁgﬁ% %’frlpérpn ar"%surface
portion is subgiofild htvieweddhal ér0RabéctionthTatigh $aideRatce YakénghudugB. The

war head configuration of claim1, wherein said concave profile Corresponds
subst anti al | y said axisastdeadt partoofr saidcontavd ipeofnlartedng configurgdisach dmtof cl ai m
3, wherein said are suhtepds an gl e of, between 15 and 90 to a center of
curvature of SAVECSF Brojeciing eeyagsh KA daIdRiFT gormel nsad agnalemfontwher ei n

said arc subte I f en: ng, 7 C .curvature
of said are. 6& g%ﬁgr}’m‘?arﬁﬁ’gacgv% ﬁ?%o\gﬁa{gféo%xgsf %81£F§$ia.q’ev\§%&§§ r;rﬁé.ﬁﬁ% concave
profile turnshidiph4f mer: &all9g°ofndbet ween 15 and 90. 8 JUL 2004
(b}  aliner adjacent to at least part of said annular front surface portion,
such that, when said charge is detonated, material from said liner is formed into an

expanding explosively formed ring.

2. The warhead configuration of claim 1, wherein said annular front

surface portion is substantially rotationally symmetric about said axis.

3. The warhead configuration of claim 1, wherein said concave profile

corresponds substantially to an arc of a circle.

4. The warhead configuration of claim 3, wherein said arc subtends an

angle of between 15° and 90° to a center of curvature of said arc.

5. The warhead configuration of claim 3, wherein said arc subiends an

angle of between 30° and 70° to a center of curvature of said arc.

6. The warhead configuration of claim 1, wherein said concave profile

turns through an angle of between 15° and 90°.



7. The warhead configuration of claim1, wherein said concave profile

turns through an angle of between 30 and 70. 8. The war head confi.glgrgyil_o?ﬂﬂli
of claim1, wherein said annular front surface portion corresponds td-a

| east about half of the total front surface of said charge as viewed

Pt a mmnular - e o el i Rial 3 STABL O bE i s, VR BiofiRE 00 of
the t ltﬂ%u%ﬂ&n%%@&ﬁb&%eéﬁ‘h@aﬁr%‘ge as viewed parallel to said axis.
war head co [

10. e I guration of aim 1, wherein said charge and said
| i ner are configured such that detonation of said explosive materi al

B o RS SE o AT S B, SRR 100°
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and cﬁﬁ@g%@tﬁ%@%%ggﬁtomfdég@, for facing towards the wall during
b) a |l

detonation; and i ner adjacent to at |east part of said front

portion, wherein said charge and said |iner are configured such that, when

sai d charge iSThQ%ggﬁsgdco %gﬂ?{ng%ﬂ t&fzaaﬁnﬂgimlﬂééei F QMRS Afhthd Hntf Or M8 an

expandi ng~expl o0si ve ornme ad confrguration of claim

11, Whes® PodidinCeiRpoRdE apldasBhbodt S0MNast B willefroM Qirface éPOs#di d axis
of between about 10 and about 50'.
charge as viewed parallel to said axis.

10. The warhead configuration of claim 1, wherein said charge and said
liner are configured such that detonation of said explosive material imparts a velocity

to said material from said liner of between about 1000 and about 4000 m/s.

11. A warhead configuration for forming a large-diameter hole through a

wall of a target, the warhead configuration comprising:

(a) a charge of explosive material, said charge having an axis and
presenting a front pottion for facing towards the wall during detonation;
and

(b)  aliner adjacent to at least part of said front portion,

wherein said charge and said liner are configured such that, when said charge is

detonated, a majority of material from said liner forms an expanding explosively

formed ring.

12.  The warhead configuration of claim 11, wherein said expanding conical

path has an angle relative to said axis ef between about 10° and about 50°.



