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| NTERCEPTI NG SYS | BM FI ELD AND BACKGROUND OF THE
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-active defense systens and, in particular, it 5
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that, when the explosive charge is detonated, the

FIB{ID oNDB ACEEGROENDY OFUEHE I2E¥BNGIOMNat accel erate
the Tiner while sinultaneously reshaping the |iner, . .
i nt oThe poesenbinueation wdites 4o skvadlsfense sistgms apd, in particular, it
nore detai,ls.on 10 EFP nunitions

eIV 6P PO, R
ac L [ a . . .
and 2B Sl TR T D LR SRyl hve charge with

a ¥9&3Mic liner confidged fichathat, wheh/ShPaixpivsiNe charge is detonated, the

7,007,607, teach a mssile that depl oys EFP nunitions
exploiorartates EBOMAGUT PLESCWICS rtba%am?ﬁrra’fcﬂeslumn whilejsimultaneously

SRS 15 o A BT B R Sk o et
ve | - | |+ i DN . o
EER el Ry XD HeEr BAEY, (B RhhE I GLh Ritmed projectiles” in

TSMESACKE {59l S WA RESIS PPHSREss N ARForlalticsnmld Weglesqutiead Vol. 155,
exanples is the Russian BM21 Gad, and its variants

C(h?ptcgqu%nly.aiééniﬁ, 139@$.e [jocket s are relatively slow

ica '

bt "o 161w a8 RAGRSI| L0400y (S AdREStin dfit, Acploys EEP
attracti [ f.

oA by o 7 B BN, R, Pl Bfporacd by

réfERARE for all gl%lgbkeé’%ﬂf%ﬁ? sBi fiMhyhélem.r abl e to provide

an active d nse system for defeating such rockets
bef ohe tihstyfeve alebaddsehavd neandmdesaalgeprolifirationrof unguided short-
given the nature of the threat, any such actiye

rangeeréidleny sodetsyand Sheskrrngs W%ceftprwgwlrw%ﬂﬁ/ Qs of the most

o SRS R VEST GO 40,0 P o
'[?&é&; ?ﬁe%ﬁfgg{kﬁjd\fe@ﬁ st BAliy GubRHis) AR B RBE pafticularly accurate,

ong- r ange I'TTstitc mssiles i's not readily scaled
bdoweif tow appt badtsirapld deglbgntent make them an attractive option for mass

deployment and for low-tech armed forces, militias and criminal or terrorist groups.

It would be highly desirable to provide an active defense system for defeating
such rockets before they reach their intended target. However, given the nature of the '
threat, any such active defense system would need to be sufficiently low cost to atlow
widespread deployment and to render its use economically viable.

The approach used by larger systems designed for intercepting medium-range
or long-range ballistic missiles is not readily scaled down for application to short
range rockets of the types described above. Specifically, the relatively low velocity of
the target rocket itself renders collision with small low velocity particles ineffective to
defeat the rocket. Instead, a high velocity impact is required to reliably defeat the
rocket. Although such a high velocity impact could in principle be produced by a
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range rockets of the types descri bed above.
Specifically, the relatively |low velocity of the

wo 8fogRkoghpcket itself renders collision with Sﬁgjrllmio@%msu

velocity particles ineffective to 30 defeat t
rocket. Instead, a high velocity inpact is required to
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orhil) Ghdr8Rised, fth&38bEId typRANG BeSine fibctiviefordiesatiig thebbicet.

of “a gram) ‘were used, "Tthese would typically be :
i nefTheartiisethiiora deéddbr,ngnd e wadddte highly atvantagesus to have, a
thus a need for, and. it would be hjghl d t

mypitiopaystem Mqrgﬁptg%@lg}#—p:@gq 4{%11@%%%1{ g Sce-toosurtace rockets. In

short - r ange tille r f.ace- f c ' '
pat i el ¢ ke B PSS A PEReRR KRk for such
pﬁé@ﬁ@%&&?ﬁﬁg MduRkticiH CWhechP Woh@at !blee mdteeefRBEiVOJthan standard
nition wht ch"woul d be nore effective than standard
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15The present- invention is a warhead systemfor a
projectile-intercepting munition.

SUMMARY OF THE INVENTION

The present invention is a warhead system for a projectile-intercepting
munition.

According ‘to the teachings of the present inventioﬁ there is provided, a
warhead system for a projectile-intercepting munition, the warhead system
comprising: (a) a fuselage having an axis; and (b) at least one explosively-formed-
projectile charge having a length and configured to generate at least one explosively
formed blade projectile propagating substantially perpendicular to the length, the at
least one explosively-formed-projectile charge assuming a deployed state wherein the
length of the at least one explosively—fonned—.projectile charge is non-parallel to the
axis, the deployed state and the explosively-formed-projectile charge being
configured such thai, when the explosively-formed-projectile charge is detonated in
the deployed state, the explosively formed blade projectile propagates in a direction
non-coplanar with the length of the explosively-formed-projectile charge and the axis
of the fuselage.

There is also provided according to the teachings of the present invention, a
warhead system for a projectile-—infercepting munition, the warhead system

comprising: (a) a fuselage having an axis; and (b) at least one explosively-formed-
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According to the teachings of the present invention
there is provided, a warhead systemfor a

wdidkesl4d e-i ntercepting nunition, the war headpSyat6iM001342
conprising: (a) a fuselage having an axis; and (b) at
| east one expl osively-forned- 20 projectile charge

havi. | engt h and_cqnfi qu :
R0 o e e BBl e xplosively
fortBa (Eradd ﬁi‘ég’)ﬁcb?l%?@%?ﬂéﬁﬁig%uﬂs%ﬂtﬁ@ly' pagehdicule tatthe length, the at

east one expl osi'vely-formned-projectile charge ]
least Uk oxplesivey! foymed girajeetileneiraeg e assumingregdéployed Mateawherein the

| east one expl osivel y-fornmed-projectile charge.is
length- phthel dteleagioond @xglﬂsggel}tfgngdpp@ggﬁg chatge isgeenyparallel to the

aygéglf %L:&glaly%%a[]g‘fﬁg? ’ragaﬁ té lt %}épqg?i%gﬁffom-&%jecﬁle charge being
' " ERfnPhe) SGlids diptoféetiRnahAge i detonated 1
il ed G tha FHeaBE) BRAdsiColy TBAEY RO SHRTIShEo!iS do onae
the' dipteiidd §tak, Phaerpsively forthedbladeprojentite prapagatesiinm direction
the 'l ength of the expl osi vel y-forned-projectile charge., .
foaming he anglesobbetviaent &0 degrges anthd 8@ degregsswithaofpryad direction of

according to the teachings of the present invention, a
ﬁ@@%?%%@“gﬁé‘?émsf or a projectile-intercepting

un ﬁ&%e% iﬁtJ]&, ‘rfiﬁ@&lﬁ%}f dn PE;@% itteﬁcgg’iﬁs(@ﬁ the pr¢sent invention, a

fuse aving .an axis,; . one
waititha@sisyeleyn f @6rmesl- prof€LtAGHIcOEPHAEPGRLANRIO 7O 18hehead system
projectile charge having a length and confi ggred to .
comepesiage (a) al Smelagenbaeingl esi axiy (bpehdaass| e explosively-formed-

pﬁo&%tﬁéhg{aﬁggsg %%g?fl;}\gggtsg ggfigtﬁtzlir? lc\t/m%%{lpe%q r!)céjeln%{'até %t Jeast one

l.osi.vel y- - pLoLeeti i .
SRSl PatoE e BIlbEfiE pOpERidr sEpRUA, erpendicular to the
' besjbé ebeisg d blzl ettty towed
G SR LIS A QepeOstilhtbon  sove
statepinowhickl theflongthdigsr substantinby pazaltpd vioith the aviafafdbe faselage and a

such that, when the expl osively-for -projectile "
deplaye@ stateqsthereineths fAeR gg egirfni \‘glleapgblqswglly-formed-progectﬂe

| osi vely f d bl PLOJ BGL] i
oRHBEC3) YEhinR IR o2 P €51 HEGREGRAIRHE Bnfigured (o allow
sd1BQieaERRativh dF & FHQF WRMtHe C!zixﬁaﬁi%‘i%l}t@ﬁn&&%réjéﬁﬁl@@l@xges without

along the axis. 10There is al 5o provided according to
dttonatieaolinzgsomd of the gxpbesivetlyfoused-poojectilotangzesd
systemfor a prgjgecti | e-intercepting nunition, the ded 2
war héegoriing soraduripes faige of the Brersg%tépgsrén%\;hﬁr& 13 glso provided at
axjs; (b) at,|east, two expl osivel.y-fer ' - .
@ik P SR PR SRR bt o BEELERMIE the detonarion
sPRBm' Qéiﬁgafesfr)&?s%e W sxREAosRion fo?rtﬁs%ﬁie@ﬁﬁo‘iectile to selectively
rojectiFe propagating substantially perpendicular to
detimafbal wibgéthof thye crplpbiveinfinnddepropestile ajhacgds| that are deployed to
char ges being depl oyabl e between a stowed state Ln "
founi ghe expdosizakyt formed dladenproiactilepropagating tewargsithe sensed position.
axi s _of the fusela and a.depl oyed state ein_the. .
[ engiliiest ibalsh BPvided SorgREYe) %?%Sﬁ%agi%ﬁé%tpﬁ%ﬂ? mvention, &
NRLAES I e 0P aka! ife- 6, %he warhead system
HEAE RO TSR lechR B iR, RIS, e warhest s
OfiRRald:0k)of fasdlhgsStha¥ing N axis; (b)at least two explosively-formed-
expl osi'vely-formed-projectile charges w thout
projectile charges, each having a length and configured to generate at least one
explosively formed blade projectile propagating substantially perpendicular to the

length, the explosively-formed-projectile charges being deployable between a stowed
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20 detonation of a second of the
expl osi vel y-formed-projectile charges. According to a

W(f Mok gysf eature of the present invention, thef,@nbds.2007 001342
al so provided at | east one sensor deployed for senS|Ag

a p03|t|on of a target prOJ ectile, the detonation

ST bR T B e o
de&ﬁ%{eﬂx %gﬁ?o Eyeflor He gee exp te'al:ft‘ &hane erg)gﬂbﬁ%@tﬁrmewprojecﬁle

osively for

sl hbe- rpﬁl‘a’}mqatthegndiszm{cﬂéc)tm deployseait posiitanimm configured to
There is a rovi ded according to the teachi ngs

of
altdve dppleyernt .oﬁueﬁnst ofitheccxpdosiee]y- f@;mpémrmpnhe charges to a deployed
projectile-intercept

PR 554 apele Fo claBTede haviry a1 APplobTgy 3 a“Second of the
ot kel AR iatolatlel shard” to, Y Aepldne raé’@m{f’geﬁt §3kEond angle

re?eﬁ eX9 1R akes tneedetoh@ LABR B¥ine diffsrenefbinl tBe mr@paa@,ae i ng

stantial |y perpendictlar to the length, th
ex pI Astording fooa fedkerrfoptace of thecpraseg sniasitiog, @hfpe ds/alspgrovided at

legat c\)Alfeesnengof figl\nl\f)ged for sensmg a position of a target projectile, the deployment
mechanism being responsive to a sensed position of the target projectile to select an
opening angle for at .Ieast one of the explosively-formed-projectile charges.

There is also provided according to the teachings of the present invention, a
warhead system for a projectile-intercepting munition, the warhead system
comprising: (a) a fuselage having an axis; and (b) at least one explesively-formed-
projectile charge having a length and configured to generate at least two explosively
formed blade projectiles propagating substantially perpendiculat to the length, the at
least one explosively-formed-projectile charge assuming a deployed state wherein the
length of the at least one explosively-formed-projectile charge is non-parallel to the
axis.

According to a further feature of the present invention, each the explosively-
formed-projectile charge is operative, when detonated, to emit between two and six of
the blade projectiles propagating eubstantially perpendicular to the length.

According to a further feature of the present invention, there is also provided a
control system including: a detonation subsystem for detonating the at least one
explosively-formed-projectile charge; and a sensor configured for sensing a location
of the warhead system relative to a target, the control system being configured to
detonate the at least one explosively-formed-projectile charge in accordance with the
location.

According to a further feature of the present invention, the control system is

further configured to derive a velocity of the warhead system relative to the target, the
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WD 2008/ 059477PCT/ 11, 2007/ 001342 state in which the
length lies substantially parallel with the axis of

wo SiRs/be38 age and a depl oyed state wherein thepdBncbévoo1s42
of each of the explosively-fornmed-projectile charges
is non-parallel to the axis; and (c) a depl oynent

chani sm configure al | t I _aroiech
RN, PR . e e SN TR Bl mel proocil
ch%%%' i%%gorgiaﬂpéwh%tﬁ%@waﬁéh aafghe veRlcitlyi ve to the
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forpedpojactilechorganig hingadly eftachaddio thadusslags angl e.
Accordi-ng to a furthe eat of the.pre t :
| v MGOBRNE: ch EuRther featins o B dres BYERIG, sagh the explosively-

foffeg BXOE U REPSis iR b8 B AuskBeBE!
I eSPEHISE i als® provedieescdnding wntief teabltingarofethe present invention, a

projectile to sel ect an opening angle for at |east one
methoti hdoexgtfesting| §- Shomwdngs opwéade-t-srfacge projectile, the method

There is_al so pravided according to, the chi ngs_of. .
comprising Shat Steps, &t i(%rf?snﬁn%%{%@a alsftrgyoF GRe profeciie; (b) firing a

roj.ectile-intercepting [ t:] \fﬁ‘:%ll&e Sy§t ing th
Prglﬁ‘ﬁbf‘?'g}tﬁr@?p% I_gﬁ&l{?g g 1 3G e&L a{i\}%g%e;gﬁ%am : gﬂtg %%)&go brn.lg _ ©
p ﬁie—ﬁﬁ@nicﬁgﬁh%%ﬂﬁ'tibnf@_ﬁﬂﬁﬁan]éilg@g@m@ﬁt idistarpdeafroen the projectile,
ving a length and configured t o]ggenerat e at |east )
the Wrocfilosinrping 4 ovarbeadbpstempinsiwhng | 2 shagepanaichgetonating the
substantial |y perpendicular to the |length, .the at1 velv-f d
chogge 5o dsctoesipioak IRRPRRIFEH et SFEPGbE] SHATEH &5 g Sxplosively-formed-
assum ng a deployed state ' ;
poale St 5oty argefghebblRhtel 15 sty ableasl Bndexplosively
: ' fiSe sABAERPA1E) eadizufand es length.
ea?&nﬂié@o#ﬂf%%@%Pg@g témi%%senti on, weg%ﬁ th_e‘1 -g
expl Astording td © furtitbr featherof the mhsengdnventiopethe ¢xplosively-formed-
when detonated, to emt between t and si x o{ th? f 4 blad
piojentide mbefgsc i3 IcoslipuisdatineCAgrats 96 tIgatti By e ywxplosively tormed blade
erpendi cul af. to the | th. . ' to a
piosretie provsgaipe Sebstn e prpoicnta i B oBfh & 7
al SoABg;&)@il?%E{) %fﬁl@ﬂéﬂ @htS¥ HER pREENCindentien, ABE eMa@iition includes a
subsystem tdr detonating the at | east one 25 o
ﬁﬁélﬂg@s hyeing- har argd; paef echéreim ahar geplosivelafaemsoprojectile charge
configured for sensing a |ocation of the

o AT T

assygtesna dephiniedestats m vdvegethe dergthoof ke explosilyiomged-projectile
configured to,detonate the, at |l east,q : . ~ )
charge Js;i %-yaqagpﬁ.é(a qg? c?]xé%ttihf’ed?ﬂjg}’%% slpzﬁe a@gth aﬁ)é%loswely formed
L0 CALil LRGhS d-projectil
PSSt ontprc st ASECEARATS Sepctbtmed et

chargd0isf dgtbiaed Ganfhiegdepidydd stie, the axplebbely yooned fdade projectile
warhead systemrelative to the target, the .
propagates in a direction non-coplanar with the length of the explosively-formed-

o

projectile charge and the axis of the fuselage.

According to a further feature of the present invention, the munition includes a
fuselage having an axis, and wherein the explosively-formed-projectile charge
assumes a deployed state in which the length of the explosively-formed-projectile
charge is non-parallel to the axis, the deployed state and the explosively-formed-

projectile charge being configured such that, when the explosively-formed-projectile
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WO 2008/ 059477PCT11 L2007/ 001342 mechani sm bei ng
operative to detonate the at | east one
weEXRbAssyel Y- formed-projectile charge in accor gapgeroersoo1s4z
with both the |location and the velocity.
According to a further feature of the present

chaf b APDma i € EPRRE YRl e LB Gy “Rrbded blade projeciile
prié edifng &i?efﬁ‘iofnufclrﬁﬁﬁ%fa‘i"@%glé dFf bdthReR 8P EEére_ef; and 180 degrees

ntion, each the exprosi y- forned-projectile
witharfoewasl dirgtibnyofatht fotkdaed aslonpehd asiel age.
There is also provided according to the teachings of
t he Heerding tnachiuthen, featune ol ghie froesens fiyentiep, othe warhead system

ingi5e 12 ok o Tepiogad of - SEeaiid coRHIGY Fgtopmetapiogeesyly. charge, and
Wﬁéréfrpﬁ}éofﬁﬁ‘fe% | 4t ntgkig ct)hﬁgﬂ%datolgﬂow selective detonation of a first of
p ctife-1n pting mu ing

roje ereet _ I'thon on an Intercep _ _
thé ! &ghbsivalylformedsprofedtilé Nthat B Witiodet ddtenatidrergrent éddeond of the
muni'tion within an engagenent di stance fromthe
explajieelyfioanediprojectjeechtdares.carryi ng a war head system
i ncluding. a charge; and (c) .detonating the charge sQ .
as tRCeAug torh BlEhe; teauwe of e 1pﬁ%nmrt§% Tpupiggn includes a

| osi vel y-for. i eqti . i - t ] .
SRR B B b Bl SR BB sRuiOH e including
f dgheRhBhiSHE | B398 | Aoy helefivealdepl t of th
2 pgéﬁgggﬁ?&ﬁl glr to ltgﬁa I(fehrfg%"% Accordi ng toe‘goymen ° ©
explodihely-foembedprojettild ehangesord deploged ipositionhat each of a plurality of
expl osivel y-fornmedprojectile charge is configured to . .
diflepaitangles relative toviiceuisoths angthed fygthep comprising activating the

OGEVERL EReBABRA%EH K0 JARRDEE SRS Bl i Becte charge fo
RSB SUGRINAY oL UL i ech MRS, ciojunl 20°
explosively-fo}ned-projectiIe charge assunes a

depl oyed state in which the | ength of the
R1k RIPTHON:QFE JrAE &2

pi* dalrve Ryt 1 4y i) i2r ge i s non-parall el
to t axi s,. the .depl oyed .state and the .
expl BB FeYeption R dieet; deseripedchn %QFWB‘&n?ﬁﬂau P reference to
: ively-fornmed-projectile
th%hlﬁgngéﬁf&?%yxgg}gﬁ\gi %’%ﬁg depl oyed state, the
expl PRGValy if o4 nfichlatide igonjtact viesw 2T pr Gpstgahplenantation of an
direction non-coplanar with the |ength of the
explpsivelyviarmeflepropedpilojchargel forchrer e aawdrhead systamnotonstructed and
t he fusel age. Accordi ng to a further feature aof 'tf}e ..
opsralEht aGCATHRAE | 1oh the Heachines iﬁﬂ?“ndﬁﬁ%ﬁ'@é fpvention, for a projectile-

intercepting munition;

1

FIG. 1B is a schematic cross-sectional view taken through the charge of Figure
1A and illustrating the direction of travel of a single explosively formed 'projectile
emitted by this charge;

FIG. 2A is a schematic isometric view of a second implementation of an
explosively-formed-projectile charge for use in a warhead system, constructed and
operative according to the teachings of the present invention, for a projectile-

intercepting munition;
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fusel age having an axis, and wherein the
expl osi vel y-forned-projectile charge assunes a

wdlsibawgey state in which the I'ength of the PCT/IL2007/001342
expl osi vel y-formed-projectile 30 charge is

nonl-pa_ral : elfto tge axis, thle depl oyed state and the

ex [ y- -. £ i ' .
SockiEng K bR RisC ot VEMBKREHARGER T SRS of Figure
21%%9.%’ ﬁgﬁgﬁigﬂhﬂaﬁg‘?ﬁh&%%%amabﬂ GwioS eﬁéﬁbgﬁi@i;gcfohﬁed projectiles

he de st at e, e explosively fornmed bl ade

enilfted ®§tthisehafgnagates in a direction formng an angle
of between 80 degrees and 180 degrees with a forward .
di r f6Gi. ohAofs mheclfemsaticageometsieg vigve okias thipd dgdemgniaion of an
a further feature of the present .inventjon, t

explgsheay 1o Rt o) RS 46t Badn & THrRER sk, constructed and

second l,0si vel y-f - nr o : . q o
R ACRRERHL ok’ SRR Bk, pResphiffontfty, for @ projectile
infefbeftingtRnARionnat i on of a first of the

explosi'vel y-fornmed-projectile charges w t hout
det dFi@. i3Bhisaf schegsetmraoss-sediional view taken through the charge of Figure

expl osi vel y-formed-projectile ch es. According.to o
3.4 i Slushiaing  BooRireiTD OELERIEL oy BHEF AP o tieq rprojectiles

incl,ydes.a,10 fusel age having.an axis, wherein the :
e%ﬂgjé'ttilfseql}aﬁg%rcepti ng: munition further including a =~

deplnrenh 1EahateBieONdnssiretview fl #Wosethefrhplementation of an
depl oynment of the explosively-formnmed-projectile charge

exiplostvelgfonped-ppojeitileochare efoc hisef inaa pvarhesd tsystefn, constructed and
ifferent angles relative to the axis, the nethod .
offerativeeaceeiding siontheadeachings @ft e Peeienl FERENGRIL h KT @nprojectile-
. S0 as.to depl oy the explosively-fornmed-projectile
m&q{gq:}:&glgflgpn%g irecting the explosively formed bl ade

&O%E@gg{ﬁ %&@ﬁaﬁ@@ro@&%&fdﬂﬂ SievPitiiden thERER MElBdkge of Figure
4A and illustrating the direction of travel of four explosively formed projectiles
emitted by this charge;

FIGS. 5A-5D are schematic isometric views of a projectile carrying a first
embodiment of a warhead system, constructed and operative according to the
teachings of the present invention, including a single charge, the warhead being
shown, respectively, in a stowed state, and in three deployed states at different
opening angles;

FIGS. 6A and 6B are schematic isometric views of a projectile carrying a
second embodiment of a warhead system, constructed and operative according to the
teachings of the present invention, including four charges, the warhead system being
shown, respectively, in a stowed state and a deployed state;

FIG. 7 is a schematic isometric view of a projectile carrying a third
embodiment of a warhead system, constructed and operative according to the
teachings of the present invention, including four charges in their deployed states,

where different charges have different opening angles;
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The invention is herein described, by way of exanple
only, with reference to the acconpanyi ng draw ngs,
o 20FIG | Ais a schematic isonetric V'Ew[ﬁf

Womrﬁés{ﬁgﬁ?pl enmentation of an b 0001342

expl osi vel y-fornmed-projectile charge for use in a

war d oSy St . ' ]

o e AL SO R PR B RGNS Wuhad sysem,
coRdtAl €4 hh& vpBiRTVeREOFHing 1S tHe t@ﬁé:hin%s of the priekéat id¥eritfon, showing

a schematic cross-sectional view taKen through the
thee imegtors oftrgueleoR&dplosinely-fdrosidrprtojengileh froth rdoangular-symmetry

of travel of a single explosively formed projectile
chatget ted by this charge; FIG 2Ais a schematic

e pRACH Vo2 AL RBaD U 9L Ao s Ot Ndiealhsygtom, constructed

Yy : t C (MY, . .
SRS RECTUIROTS I RIS of ORRER Bycrion, shovin
dchlninP f6 @sitid|Bnganiaf @ﬁ?d 60 Aichhgye; and\O
008/ 059477PCT/ 111?2007%?013_ 2Img_ FIG 2Bis a
schd&HaS. d04-d§€ arecichematic\illusiratidmenshawipggrartipiearly advantageous
charge of Figure 2A and.illustrating the direction of .
chergg (¥pes, Ang QBCRIPS| el Feloy NEBIT angraofog@ﬁ et picatascpt late arrival

o B B30 pognt g oSS (et e

expl osi vel y-formed-projectile charge for use in a

war head system constructed and operative according to
DESERIEFIONGE DIE(RREBERRED EMBENDIMENTSr a

rojectile- :

P JThe present invention is a warhead system for a projectile-intercepting

munition.

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

By way of introduction, the present invention addresses the shortcomings of
conventional fragmentation warheads to defeat projectiles by employing explosively-
formed-projectile charges configured to form an explosively formed slug elongated in
a direction perpendicular to its direction of travel. Such a slug is highly effective over
relatively large distances to cut through objects in its way, and is therefore referred to
herein functionally as an “explosively formed blade projectile”. The actual cross-
sectional shape of the slug may vary considerable, as a function of the charge shape
and liner thickness, as is known to one ordinarily skilled in the art. Examples of cross-
sectional shapes of the blade projectile include, but are not limited to: round; V-
shaped and wedge-shaped. An example of one suitable charge configuration is that
described in the aforementioned US Patent No. 7,007,607.

Thus, in general terms, the present invention provides a method for defeating a -
short-range surface-to-surface rocket or other short-range projectile in which a

trajectory of the rocket is estimated, a projectile-intercepting munition is fired on an
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i ntercepting munition; FIG 3B is a schematic
cross-sectional view taken through the charge of

wdh0es94PA and illustrating the direction of tge@wgale®hoo13s
three explosively fornmed projectiles 10 emtted by

this cParg?; ] FIG 4A is a schematic isonetric
. View. .o . four i.npl ' £ . . . vy s
infeyfiotiie, Bigp? talth sh %, & BilbR e BrGeefittrintergepting, munition within an

ek bR frsRNEe ficket @adaRasnbhe ehageosfiangathead syst
e%g teachings of the prese%t in%enti on, fﬁtggo Ngaragad system

capriod b9ttht eninitien isdétonaredisoiasito et Faagocket. il isaa particular feature
schemati c cross-sectional view taken through the

oft e quessnt Fingentéom Ahatn dhe |at Usasta OPRChAEE fF r a1 Prplogiyely-formed-
Prbjﬁ%z{ﬁé gﬁ%rgfg i u?f_f,( Qllgr?été:a@ L4 1 degﬁt Jggiéﬁfglrté?f ge%{ bfid explosively
B Ry (o longfh of the

d@ﬂggat!ve according to the 20 teachings of the present
invention, including a single charge, the warhead

bei nip slestpreferep dmplaraeytations af ficowygniens aue ghanqrs of a number
o Hestres by Praseebis oplarh 7 SEED foc HFPC] FaflRgf e likelinood of
d%g@@%‘ﬁéclgﬂréﬁﬁr Tﬁ{:geégfegtnl.g@é: e HETROMITRAbARAIS ¥RS Iﬁ@@%oups: a first

ruc operative atcording to the

A RACHE Raturel wikieh Anesasd theypatial woverapel oflexglobively formed blades
- charges, the warhead system bei ng shown, respectively,, ]
emitted atoumddhe travusitiong aad deptcopderonpiad; feptuges whigh grovide various

schematic i tr ' f ' i [ '
e Pk b 15 b o Gy B ol towarcs e
operai v car-di 0.t : t ' .
BEL TS (PRARIE S v RABOUIORe Mholifodta e vrios

dﬁ%@%ﬁﬁ%ﬁﬁe{%ﬁlﬁé %2%’92% ?xﬁlh&fv%! gid nelyaigesede\avantage together.

Turning now to the Figures, Figures 1A and 1B illustrate a basic
implementation of an explosively-formed-projectile charge 10 configured for emifting
an explosively formed blade. Charge 10 has an elongated low-angle recess 12 lined
with suitably ductile metallic liner material so that, on detonation of the charge, a
major part of the liner material is formed into an explosively formed blade extending
in a direction parallel to the length of the charge and traveling in a direction
perpendicular to the length, as indicated by the arrow in Figure 1B.

In most preferred implementations, as exemplified in Figures 2A-4B, each
explosively-formed-projectile charge is configured to generate a plurality of
explosively formed blade projectiles propagating substantially perpendicular to the
length. Thus, in the example of Figures 2A and 2B, the charge is configured to
generate two blade projectiles emitted in opposite directions. Similarly, Figures 3A-
3B and 4A-4B show examples of charges configured to generate three and four blade
projectiles, respectively. Larger numbers of blades are also possible, although more

than six per charge are typically not required. Preferably, although not necessarily, the

charges are configured to emit ‘the blade projectiles in symmetrically distributed
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WD 2008/ 059477PCT/ 1L2007/ 001342 FIG 8is a
schematic isonetric view of a projectile carrying a
d"%ﬁ@@@% system constructed and operative acc Jﬂrf?g

e teachings of the present invention, show ﬁéfi ez
di rections of travel of expl osivel y- forned prOJectlles

du&%ﬁg}%ptf E‘:r'a]% ﬂ\ésti{ag%f glfny a‘igg{l %‘e ﬂrhe%mt% %pé’recrated that the use
of ‘%?O Bﬁ%ﬂaﬁ o bl@tﬂad St’iﬁ’ﬂe& fer adfapgd! hIEthz’is‘és tthe ﬂlﬁﬁ@é}' 8P directions in

resent nt| on, showng a mechani smfor
wlioht prfjddtiles are a:lngtted,otherpbyn ingreafing theaspatial acwverage around the
FI GS. 10A-10C are schematic illustrations show ng

mlpatxpncﬁwama;ly.aamawg@é@ﬁ sadnehajee ligp dr thenangp Jfﬁmdl 05 kg up to 10
key Q0 BT PITOEQLY (0| HE dPaep dromctar ke 9P I8 2rkepi e ghaplting blade

prépcite ApidalRl nds iRk HPBlc ranBe %Tqb_%@be’meﬁgﬁiﬁﬁle RELY weight.

| NVenii@iy ndwA tYFibaRd SASSPMA Warkead system including one or more
projectile-intercepting nuni tion. 15The princi pl es and

charger 40i sncarfiedatohbieicepts themtarget prajeetiiet by tah@usstagsehd. Details of
i nvention nmay be better upderstood Wlth reference to

fuselagedduparose arvanethearh Of Jhp AGTang 1Benton,viygh can be’ Byplemented

gAY S Ao e Oy o o

ﬁﬁ %ﬂﬁcﬁ % EFbanie RRIMEHe warbedd @.ﬁﬁbﬁ’b’tb% intercept position within
exp osively- 20 formed-projectile charges configured

ant effective amngex pf dh¢ waigyt poojeetdles Ingor setgafl epplications, a number of
d| rectl on perpendicular tg its direction of travel
chargas 10 gre glgnglyrﬁngnnvde@m dusslage Meﬁﬁe@%ﬁ?%ﬁ partigularly suited to

Gy ShBRSF8et G SUED TS P g o -
rockeR! &S R¥Rhy/ If(fi-r Bﬁﬁ p%‘#ﬁ‘éaﬁéﬂ’d eHdrs &’ 10 The pefdiably deployed in a

Cross-section the slug Tay vary

stewed i dsteaffligureas Aj, fmﬂﬁthfﬁfl lefigthhsutshatigly spapHeP Sviindhe axis of
l'iner thickness, as is known tqo one ordinarily skilled
fuselagpd 4aduring{tisht, éleereby MBI ZBE Kragh éfhesﬂm@ges #fc thga moved to a

aspiire: SR S 310 3 a5 B st Tl 6 hSeipge s, prior o

d&?ﬁl} ah e charge confl guration is that descri bed in the
orementi oned US Patent No. 7,007,607. Thus, in

]ggPeIge?lggﬁ?ig ogt:h@rges doeidbmi theistowed pmmodeso mmmoybd position
may be achieved in any desired manner. According to a particularly preferred option,
each charge 10 is hingedly attached to fuselage 14, typically at its rearmost end. The
deployed state of each charge 10 may be at a fixed predefined angle to the axis of the
fuselage. According to this option, a deployment mechanism may be mmplemented
simply as a spring-biased mechanism, an electromagnetic mechanism, or a
pyrotechnically-actuated mecha.nisnrl,= with a simple mechanical stop at the appropriate
angle. The open angles may be the same for each charge, as in the example of Figure
6A-6B below, or may be different for different charges, as in the example of Figure 7

below.

According to a further set of preferred implementations, each charge 10 may

. be controllably deployable to an angle relative to the fuselage which is chosen
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30 short-range surface-to-surface rocket or other
short-range projectile in which a trajectory of the

w0 Qo¥edoatrs estimated, a projectile-intercepti nEcTaL2007/001342
munition is fired on an WO

2008/ 059477PCT/ 11, 2007/ 001342 intercepting flight path
acg&'dﬁr?%rt@ tRE 1Ak &igr ? of ksl 6f P{Ho BitERRPtIBE d¥ihet hﬁﬂlt%on with the

an engagenen tance m t he’rocket, and

talgeB sbckeneThRaamRoath ds besthidhetratedt mnFipmres d6AbYOCH Spec1ﬂcally, in
munition i s detonated so as to defeat the rocket.
Figwreal Q7his iltusteated aaase svhsre thestasgetswaeket wvaheadof ﬁlﬁ%ﬁ@ge 14. This

the at | east one charge is.an expl osivel for
s1tyaté?rééppy é“é?‘i’a?’@@ 6{%18 n@uglt}(g)n & ﬂat:s:n ngl? l;)8mt of closest

R e A PSP e i

thisNgelaBBAL B%)ﬁfnal Qﬁaﬁ&@r&edefeatmg Ithe mgbt BiisdiRy fla ? be achieved by a
i npl ementations of the invention, oné or nore o

foruaddediradted eaplosasly fernprdeblade prgjeatiepemittechby adémrgealﬁa opened
further enhance the |ikelihood of, 10 defeatin

totanrapede graterdhar Q00 wsh @sfopexappled aelagwﬁéég"e K> relative to

. St 0 f eat whi ch
g froesd it selipE ot H HeBiess vely T ormed bl ades
em tﬁlggrea Vﬁﬂﬁﬂuﬁﬁﬂeﬁ%bé%%}he&%e%ﬁﬁﬁw pa§seyRid¥on to the target

featu provi de various |evels of selective
rotkétrim diis alsqniatamllyulirectedpblade pebdigctitesndicedi¢hdesoughly 90° to the
towards the target. Unless otherw se stated or

fuselpge emscﬁé‘ﬁtmOSttefgﬁﬁ?éWPdTb% oppaiBEsanele of g charges 40P dnghis case is

orpiglipcnfetioed B it Pl ot MteREE UL 4 g angle of
rohﬁ% HsQHEAS AL eh%{{ 'Eﬁia)l BeidgeHsd 5Bt A t8 dh’ﬁd)}@ the length of
enentation o

Ios vel’y-f or med- proj ecti |
the lkhages &Qbﬂ@lﬂlﬁalgupatﬂ)eﬁ@fcumﬂtb thetenath of tHeomtged Irtycket
fornmed bl ade. Charge 10 has an el ongat.ed .| ow angl e
r ec dSigune? 10CriluysintEn asQﬁSP aphaye dhe muynitinadaphead BF fhs; target rocket.

S5t AT Ry o o

m'?@f@é:ﬁqu\@t ﬁaﬁ-g?(g op! gg?ﬁﬁa%ﬁ@%ﬂge Bird gt dlﬁﬁst ferception. In this

ngt arge and traveling in
mthaﬁbhe@)bhﬂ{hl petiaresli cfuliefeating tthe taeggt missik imyi bat ahieved by a
bythe arrow in Figure 1B. In nost preferred

reanpardndinecied orplostiehye famsid hlade proj ecﬁﬂgmr@%tesybwsch@a@ H0c opened
t()gé,]g l@&é%\ég%yﬁag:d;}%%&rlg%:se ctn'I éx%n?p %rlge[hia Sfar?é)em:)f %5_99 » r8lative to the
forward axial direction of the fuselage. Alternatively, a similar effect can be achieved
by opening of a charge on the opposite (lower) side of projectile 14 to an angle greater
than 90°, similar to the lower arm illustrated in Figare 7. In either case, it will be
appreciated that the use of a charge configured to emit a blade projectile in a sideways
or rearward direction facilitates firing of an explosively formed blade projectile in a
direction far from the “forward™ direction of the fuselage, and most preferably, ina
direction forming an angle of between 80 degrees and 180 degrees with a forward
direction oflthe fuselage along the axis.

An example of a mechanism for achieving controlled selective opening of one

or more charge 10 is illustrated schematically in Figure 9. As shown here, each charge
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25 explosively forned bl ade projectiles propagating
substantially perpendicular to the | ength. Thus, in
wd W8s/earp!l e of Figures 2A and 2B, the charge p&para007/001342
COH?I gured to generate two bl ade projectiles emtte
in opposite directions. Simlarly, Figures 3A- 3B and
4A-4B I . conf | . .
038P GRS 5 By i Rip o BERF 1 B B B IPOFE ShRN clectrical
mABPIE SortlecRlP@Pthedditn BySth RESDPBIat Fé‘ért feuah T80rEhe3sktion of the
than six per charge are“typically not required. :
mdtoefie cahtrplled|tyhaugnirod tsysteae 20 préfprabiy epetatinge sndereclosed-loop
configured to enmt the blade projectiles in _ .
cogiratrbased an |agtusl gneasyreraent e arm rotation as -indicated by an angular
2008/.059471 [112007/ 001342 directions.eof Lravel .
enpofeists HELA e b6 Pigg | Ineea agheRng e dieEsisgl” mechanical
Lt ) . .
locip ottt $5Ee e EpMriifin dhely i AHEVRL RGOS dPOf the charges
10008y dethbesd aigetleibyt £dominiel éploymenearichanisiieto the same opening
spatial coverage around the nunition. Typically, the
anglsi. ghlterontivelyh catin chargelaem 16 mase havm ifs awnindersdry deployment

up to 10 kg, an st preferably .in th f
methsngagh ualowits fach Phararby be nmlialBre BRI e Target rocket
- | r - . .
acé%{xqitn%glt(% _ﬁjzaé:%%aﬁv%}{%% %Eﬁnth&ebﬁ% I(ﬁ?%gofrf] ga{llv&%g?(%lgﬁéfelgettargct relative
to Phe RRniGoNVRiRERE) aY SEERAI BYConliafd of BLteflial R SOrEYSIcHSs.
10 is carried to"intercept the target projectile by a
f us elaméngl 4ovwDe i bnallf nhmbet afexemplery smbdimanis of the present

inﬁ%ﬁqﬂgﬁgﬁe sze%ﬁr}%ig{l{‘e\ge&&'a%ﬁ' Gﬁ\qhﬁgtreﬁéa " gf?sic embodiment in which

four charges 10, each configured to generate a plurality of explosively formed blade
projectiles, are deployed on fuselage 14 via a deployment mechanism configured to
open them on command to a predetermined angle, in this case about 90° to the
fuselage axis. The example shown here employs four charges each generating four
blade projectiles, thereby producing a total of 16 blade projectiles 24 as illustrated in
Figure 6B. It will be appreciated that these blade projectiles provide extensive spatial
coverage around fuselage 14, including towards the forward, rear, up, down, right and
left directions relative to the fuselage forward axis (direction of travel). The up, down,
left and right directions are achieved by blade projectiles emitted from the sides of the
charges, i.e., in a direction non-coplanar with the length of the charge and the axis of
the fuselage. According to the details of the intended application, the distribution of
this spatial coverage can be varied, for example, by changing the opening angle of the
arms to an angle other than 90°, and/or by rotating the orientation of one or more
charge by 45° about its length.

It should be noted that, in this and other embodiments of the present invention,
the various charges 10 are not necessarily detonated together. Specifically, according
to certain preferred implementations of the present invention, the position and/or

velocity of the target rocket relative to fuselage 14 is determined, and one or more
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10 using substantially any type of passive projectile,
rocket, mssile, UAV or other platformwhich is
W@j(fog,ggggme to bring the warhead systemto an i p¢EHQOP001342
position within an effective range of the target
projectile. In one set of applications, a nunber of
sefeRfld08Rar é@ A Hidphds Yhe st ekarRRs fdis@éfaﬂﬁ]glﬁle g6t is detonated.
option 1§ particularl y suited to very short range
Deatpphinatioh wfsthe darget positiontmay ibegachaenes! autonomeonsly by the munition
vehicles fromanti-tank 15 rockets or RPGs. For oth :
viampie entneres onbeardgeansen (BmicHbersr abﬁlsﬂlof‘é‘ﬁlﬁ%éustﬁw or may be

owed state ure 5A), wi,th thei n .
DeRoBReR et TSy derunatg afd, et Sl comgumigation with the
mlgtlﬁhopg SEid Bk e?&ﬁ"ti% YofMbdHt4Th Zhageed’ AP mal'Be gﬁﬁ[cﬁﬂ*&ly valuable to

hen rmve to a depl oyed stat® (Figures
prévéhtdntezfrendtoof By Rbé-effettive khafgest degaatisn syitpeimssion of blade
to detonation. 20Depl oynent of charges 10 fromtheir
prejeotibs fpormi the betiet-p aﬁeﬁich@t@e@yed position may be

achi ved in an esired nan Accor .
par t WG POWp \X)e}q S{ QHstr%tgg ﬁnczﬂgqrg%tx%ap}%roach accordmg to

i.nge t
oL B SO s g
beb%séd 3 hiéniede Wneﬁﬁﬁé@%ff@lﬂgbﬁrtldmléﬂlﬁ iaxite ohset b€ a roll-stabilized
fusel age. According to this option, a deploynent

fuselepanis ntheagordftguratitre raboved hege,s anﬁrs; charge 10a is configured for
oSBT e e o o RTINS R o o
dep G hrggﬁtt%gnﬁclgatéﬁfrﬁgfeg BIE@ ?QWegp Blﬁéﬁ ﬁ a@%glﬂ? go; B‘Snoﬁ@%ally at an angle

oﬁﬁﬁeﬁé&s%f P @UEE tIRAfGR 2! D46 diTﬁJBEMg@elﬂlTHeemﬁtclfaﬁges 10b are
fferent charges, as in the exanple of Figure 7

cdméignmed 3fofc gematating t © sngler mpwarébrt-dmectpd edxplosively formed blade

mpl ement ati ons, each charge 10 be controll
pr@mtlész/ aad dayg aaﬂerdﬁmn? mf&gmlénx chipaerans ey M%Wed posmon

TR R I

i 4| QPectiohh nbAR ohfindet witAC KRS Je hsoﬂﬁﬂéoéhﬁﬂloslﬁel -formed-
l-gest |%S(??ea(.:t é)d |nn Flogures ?OA 10C. séctem fically, in Y

prEjeg:lmrle Aabgé arid Hthes tait ek ﬂlecismla\gmrEmalig taarfgetth charge 10c is
rocket is ahead of fuselage 14. This, S|t(¥at| ng%
ccmﬁme@h@re generating ¢ sinefe rearvardgdizggted cexplogiyely formed blade

oA oSl A A ot
' ¢ de,{;&sabw@setl 14. Tt wilt b
tyk:{baﬁlgr'tétmeﬁg tg%xc%gé ggﬁ?gvgﬁ?ﬁf%‘%& war d- di rec%% Wi be
a@f@dzlafddvﬂiay frohesd chirgee apt ajleddtohatediltet smbublyisa set of four blade
charge 10a opened to an angle greater than 90, such as
priogectdsampl direeted Kaupvearde” on tb@som@@tatlpy 2 FheWho bvheencompassmg
forward axi al

RO A T
b%ﬁ%ﬁ%ﬁs LQAaa! de{p‘féy‘%gilt : e%{}gyhétﬁbﬁﬁéﬁ rﬁlé@gﬁ'ﬁ %hh%oﬂﬂtﬁﬁ@& &#lth sensors,

proj ecti at roug

eittTUrAdar@ st ferib®, msﬂengfnfg&ﬁblptﬁmdfh@f thieanidey raci@it git & possible to
the charges 10b in this case is typically not

cartidli thel rolbattitiide tdfether platfiormd se atbet ithd (fepwardsd diseesion is facing
an openi ng angle of roughly 90, is used. Aternati

v
toprasgls e tassctapekelptay nedr itle BRIt &F cloRsst BRGCRPEM, tReskby directing
all of the blade projectiles towards the target.
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15 the charges substantially perpendicular to the
| ength of the target rocket. Figure 10C
wo doslgidsad es a case where the nunition is aheaﬁcﬁhjﬂﬁg001342
target rocket. This situation nmay arise where th
munition is early to arrive at the point of closest

| nt gy, ﬁéq pealel ﬁ#@?Eaﬁ%ﬁkthQEHEﬁﬁogTﬁEb9é§§§gmhhﬁedtoﬂnspoun

poi nt etception. In this situatio
prifRiilyabitk kefeearceofo siabRAbladg profectifsast wifh&%btzﬁgm d¥enmetry, it
achieved by a 20 rearward-directed expl osively torne
willbadwted tiat oflidregeomictties) soyhas theathyec-fold aypern@ttywbamc illustrated

hegy T 7150 hecked V& e, PR B PRCR,CODIBFS 268t GaMBplled opening
gl R YRGS optiohf o 4 Blabfs Wbl FpBhe§fiof¥may provide

| I d the

ol DALk, STkl gy o
fugﬂagﬁther case, it wll be 25 appreciated that the use
charge configured to emt a blade projectile in a

S| démsnsga% othes; atigng. dt sheydrhecnoted éﬁ@éilﬁiwmh@a%ﬁystem of the

B e L A A0 e

Sﬂf Pef}ﬁ%lgg %E}n}ﬁst iltoth C}ﬂ% égﬁgiég NrofREMALD p?(fje@t’il%l tﬁré%lfts fired from a

tmeen rees an dgrees with a“forward
vaﬂéﬂye@ﬁ platfoahs Eﬁiﬁl issrke gornadred petdumnakiaricBOAnd hekegpters, as well
of "a mechani sm for achieving controlled sel ective
as byenfamiryof one or nore charge 10 is illustrated

schematjcally in Figure. 9. arqge
V0 S009) GcipprestasiS e IbGEoYS RO ATE B Y F0Tg fo serve as
0 ' 72 10 o
exﬁp.gle{sr bl Sila? Aoy g{ or 0GR t%ﬁéé‘%g)?%%egﬁwéﬁuﬁ "Wk scope of the
préRAf Rivehfbe a9 €3finsd §it 818 dppendb@® cRekon of the notor is
controlled by a control system 20, preferably '
operating under closed-loop control based on actual
nmeasurenent of the armrotation as indicated by an
angul ar 5 encoder 22 installed at the hinge. The gear
system provi des the necessary nechani cal | ocking
effect once the conmanded angle is achieved.
Optionally, all of the charges 10 nay be noved
t oget her by a common depl oynment nmechanismto the sane
opening angle. Alternatively, each charge/arm 10 nay
have its own i ndependent depl oynent nechani sm
al l owi ng each charge to be optinally ainmed towards the
target rocket 10 according to the paraneters of
i nterception (position and velocity of the target
relative to the nmunition fusel age) as sensed by

onboard or external sensor systens. Tur ni ng now
to a small nunber of exenplary enbodi nents of the
present invention in nore detail, Figures 6A and 6B

illustrate a basic enbodi nent in which four charges
10, each configured to generate a plurality of

expl osively formed bl ade 15 projectiles, are depl oyed
on fusel age 14 via a depl oynent nechani sm confi gured
to open themon command to a predeterm ned angle, in
this case about 900, to the fusel age axis. The exanple
shown here enpl oys four charges each generating four
bl ade projectiles, thereby producing a total of 16

bl ade projectiles 24 as illustrated in Figure 6B. It
wi Il be appreciated that these bl ade projectiles
provi de extensive spatia
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20 coverage around fusel age 14, including towards the
forward, rear, up, down, right and left directions
relative to the fusel age forward axis (direction of
travel). The up, down, left and right directions are
‘Vgﬁgtﬁgqgﬁgpgggﬁfg_projectiles emtted fromthe sides
, 1T.e., in a direction non-coplanar with
the length of the charge and the axis of the fusel age.

Accarding, to the . details.of the.intended applicati.on

the i st ik ptesRdoYSem; fiots ag praipcICntitrafiie, BhinHon, the

vari ed, for exanple, by changing the opening angl e of
witheadisysiemacoampragigge ot her than 90, and/or by rotating

the orientation of one or nore charge by 45 about its

Ienq%?hekigﬁgggk%agﬁl gdstfigt. in this and other

enbo the present 1nvention, the various

charges 10 are not necessar/ | et onat.ed .t oget her.

SpodBy cantigast gRe oy alg fope dr SRl GHages bavio a length
i npl enentations of the present invention, the position
and/ or velndciédnfigfred e geasget atr lwastedne etbsivelyt formed blade
fusel age 14 is determ ned, and one or nore WO

ani o nad PRE I RrorRRALAd Siban AR LRI i leneth,

detonated. _Determ nation of the target positjon may be
achi eved i ahkﬁﬂmwe@%w@mfmmd&row%ﬁ%ﬁ arge agppping a
onboard sensor (typically an optical sensor systen),

or may bedgtsfed ratgieviveherelrenii¢ tarpRndfassidcant fedst one
systemin comrunication with the 5 nunition. Selective

det onati o . tal . LeMlar :
val uabl o CEN O BRI hRY i BoRGib A Bloa wis,
charges' detonation with em ssion of blade projectiles
from t he $5éd deployed siade andsgidsexplosivelydformed-magigctily charge
Figure 7, this illustrates an alternative approach

accor di nghdifig Wobshigwredi Batie 4p! asherel said oexmdsibbBdformed-
per charge and fixed opening angles can still 10 be

cace of DPIHIS CaTER ;B Yl Bad O 15| BPdyed hlB, saia

configuration shown here, a first _charge 10a is .
conf i gur ezkpllosiveleriormed hlpde priofrgitiée prmagates dn aalitastion non-

expl osively formed bl ade projectile and has a

depl oy mendogrmehaRithm slahé RoAtiming WaRrt 1dmek offeridoygslosively-
position, typically at an angle of in excess of 1200

to the forward axis .of fusel age ._.The t.waq. charges

106 are T sHtRLF PSRl Sakl s BF shffgpediaEe
upwar dl y-di rected expl osively forned bl ade projectile

and have a depl oynent nechani sm defi ning an outward
depl oyed position typically at around 900 to the axis
of fUsel afjeWngheadesystgnuifft a psojschilfeivierspridng |naynigion, the
emtted in a direction non-coplanar with the | ength of
W ag@p&@ﬁiMﬁhpﬂgggnedprojectiIe charge and the axis

of the fuselage. Finally, a fourth charge 10c is
(a)  afuselage having an axis; and
(b)  at least one explosively-formed-projectile charge having a length

and configured to generate at least one explosively formed blade

projectile propagating substantially perpendicular to said length,
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20 configured for generating a single

rearwar d-di rected explosively fornmed bl ade projectile
and has a depl oynent nechani sm defining a swept-back

depl oyed position, typically at an angle in excess of

120 to the forward axis of fuselage 14. It will be i
appr eci at8#l ehigast one explesivelyafaymedaprejestile ghargaasauming a
the result is a set of four blade projectiles al

di rect ed depdepdddsstatcn WwhdeR | £Ad aldrPth asf BN at Oiast one
enconpassi ng 25 directions perpendi cul arly upwards as
wel | as slightly forwards and. sl ghtl.y back s. Wen .
Gopl oyed SPISRiY ST BTGP RSP AEE i AP theid axis,
with sensors, either onboard or renote, for sensing

t he posi tdaschdeploybe state ged saidokglosivelyiferpedgirbjestiteccharge
control the roll-attitude of the platformso that the
"upwar ds"LGh & egd ' i 0 . .
ookt at a8 PEONEEEA SR MOl DIHGE, st SR SRYely-formed
thereby directing 30all, of, the b|lade projectiles )
t owar ds tIFEIGCEgetharsqdso ¢isto Arperid 1 qso siaty, said
Turning now to Figure 8, while the invention has been
exenpl i fieglosivelyi forpaidnbladel pesietiylewptdpageafesr Bnaedirection
single blade projectiles or wth rectangular symetry,

it will t i G .
three-f olblgmgl;&;ﬁ rég{l ray!i}gg:ehg{r- ggﬁﬁ%ﬁgfgf?é%% s r%gelrgoﬁééiﬁ%g%sglth a
be used. In fact, particularly when combined with
cont r ol | d@ropehdiectmnelpad fgfelagealongsaid@¥is. ons such
as triangul ar-symmetry inplenentations may provi de an
advant ageously w de range of geonetrical options to
cover the space around the fusel age. Anmongst
ot heé¥. apphi vatlieads systems fiowlad pbejecidliceidtdrbegtinigh@nunition, the
war head system of the present invention is in

j ‘.ye to actively defend objects such
Wg@%\%grgfgg% %@@g%gg of vehicl es agai nst incom ng
m ssile, rocket and projectile threats fired froma
vari@y o fusehegedamingytaxiss t anks, arnored personnel
carriers and helicopters, as well as by infantry.
It vib)l he lagnitec alptesivéigtforined glrojetittesitirz e, icadk havihg a
intended only to serve as exanples, and that many
ot her e ] ' 1 thi S .
5 pr esent pikE salifiuOR L) Brfortle fh Rl i3 ERRG Rty rifined
claims. VWHAT IS CLAIMED IS, 1. A warhead systemfor a
proj ect i |Hadetnspiesita peonagating owbstangially perpendicular to said

length, said explosively-formed-projectile  charges being
deployable between a stowed state in which said length lies
substantially parallel with said axis of said fuselage and a
deployed state wherein said length of each of said explosively-
formed-projectile charges is non-parallel to said axis; and

(¢)  adetonation system configured to allow selective detonation of a

first of said explosively-formed-projectile charges without
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war head system conprising: (a) a fusel age having an
axis; and (b) at |east one
expl osi vel y-formed-projectile charge having a | ength
and configured to generate at |east one expl osively
formed bl ject] | p I tdal Ly e i
per pondi GHraiiel 85 b fesRbRnBY g Rk ishiedprojectile
expl osi vel y-formed-projectile charge assum ng a
depl oyed chirEges. wherein said length of said at |east
one expl osively-formed-projectile charge is
non-parallel to said axis, said deployed state and
sai d expl osively-formed-projectile charge being
conf4, gur ertheswabhdddagystevhest slaind 3, further comprising at least one
expl osi vel y-formedprojectile charge is detonated in
sai d : sal d.- [ ad :
s By @Y B Bl e P SHRICE B phRIRE, BB topgion
a plane containing said | ength of said L.
systep) diiing | seSPORAEYE Jropesenscd phsitige ahdhe atasgedxprojestile to
said fuselage. 2. A warhead systemfor a
seRIcBiveBt détBnhtetesipt bNSaidLiXplosivelyfBEme@phsiadtikyctaeges that
conpri'sing: (a) a fuselage having an axis; and (b) at

| east onge. expl osivel y-for.med-proj ectil e char havi ng. ..
arg ‘PP 15 0B FioHTE Rt bl BRgFARsoRopAtating

expl osively formed bl ade projectile propagating
towbds snd sensed positipendi cul ar to said length, said at

| east one expl osively-forned-projectile charge

assum ng a depl oyed state wherein said I ength of said

at | east one explosively-formed-projectile charge is

non-par al A elyatieadakgstami Sor SRipeojeemledadcegitiige nanttion, the

sai d expl osively-forned-projectile charge being

confi,gured such.t.hat, when said
‘N@%ﬁﬁggyﬂgvygy%PﬂgﬂgrojectiIe charge is detonated in

sai d depl oyed state, said explosively fornmed bl ade

proj (@t i | elyebgadaverg amasisdi rection formng an angle

of between 80 degrees and 180 degrees with a forward

di r eghi ontabagidivg dipI6diods - RrRRE-159)cdtiRXtitargds, Aach having a

war head system for a projéctile-intercepting munition,

th eayia;? gggﬁgggfgﬁg%g 36 herhf afeh R A9B108W 1) Formed

expl osi vel y-fornmed-projectile charges, each having a )

| engt h arinladmﬂrb_'gmi&i prepagehisg aswbstmiinBysperpedicular to said

expl osively formed bl ade projectile propagating

substant i ghbih PeEAE ndbﬁﬁ'ﬂoﬁvdﬂf&%éﬁ-bﬁ@éﬂtﬂe Sghdtges being

expl osi vel y=formed-projecti|l € charges bei ng depl oyabl e

bet ween a, sto tate in which,said length |lie .

Subst ant | dgHIGVeRle hetiPens 1oy “Sasrbnriidh S lgnae lie
and a depl oyed state wherein said | ength of each of
sai d expl agistenitiptlyr peddlet ojvithc saide aslsaofesaiidsfusclage and a
non-parallel to said axis; and

deployed state wherein said length of each of said explosively-
formed-projectile charges is non-parallel to said axis; and

(¢) a deployment mechanism configured to allow deployment of a

first of said explosively-formed-projectile charges to a deployed
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(c) a detonation systemconfigured to allow sel ective
detonation of a first of said

expl osi vel y-formed-projectile charges w thout

detonati on of a second of said

expl osi vel y-forned-projectile charges. 4. The

war head syostieon af a dirali angde relativeide saidhasis aindgleploymenitof a
one sensor deployed for sensing a position of a target
proj ectil@cofsdi @rdghian 3é>dp%§i§éd’?1f%ﬁfn_€&1gﬁéie%ﬁfeoo&§dr§€s R a
a sensed position of the target projectile to

sel ective detonat.e a subset of sajd . . . .
oxpl osi vl Bas Bof; Sot eeoth APals elptiye dpesaid axis, said
depl oyed to form said explosively formed bl ade

proj ect i |second paglethengg diff@aedsirom Wid Brdenghosi ti on.

5. A warhead systemfor a projectile-intercepting

muni tion, the warhead system conprising: (a) a

fusel age having an axis; (b) at least two

expl@si vetns KRrRBer SrstdRcf igirk r!?,‘rfﬂ?cﬁler gafipridthe BOIAst one

| ength and configured to generate at | east one

expl osi.vel y .f ormed bl ade, proj ectil e propagatin
seayiirsdcnioyed fgr paspunamasidin bE e darept iReplseIe, sajt deployment
expl osi vel y-fornmed-projectile charges bei ng depl oyabl e
méeetanesn teisg cespbnshat © iansessed positich bérthe Hatdee projectile to
substantially parallel with said axis of said fusel age
: el il Al £a6R ST
se%%?gﬁg%%?%@??@g%%g%ﬁg -%?6?3%??F%dcﬁ§$g§¥8$% (annecnk
non-parallel to said axis; and (c) a depl oynent
¢ ani sm configured to all ow depl oynent of a first of
sai d expl osively-fornmed-projectile charges to a
depl oyed position at a first angle relative to said
axi s and depl oynent of a second of said
explbsi vehywachaadd systefne o1 lae podjectijesinterceptitep lnmytion, the
position at a second angle relative to said axis, said

w%:ﬁ%ﬁggﬁr | & 'ig]g%di fferent fromsaid first angle.

ea ystemof claimb5, further conprising at
| east . one sensor deployed for sensing a position of a
tar gé? pr%f‘@@faigpé{a"&@%“%é! i‘ﬂiﬁent mechani sm bei ng
responsive to a sensed position of the target
proj@st i | = least Dekaxdplasivelpebimgd-pagjeetifeochaape haaily Dtength
of said expl osively-forned-projectile charges. 7. A

}Nﬁ; head syt ERARNed 18 :8h&G AEehM S P bETe T Rirkdedblade

projectiles propagating substantially perpendicular to said length,
said at least one explosively-formed-projectile charge assuming a
deployed state whercin said length of said at least one

explosively-formed-projectile charge is non-parallel to said axis.

8. The warhead system of claim 7, wherein each said explosively-

formed-projectile charge is operative, when detonated, to emit between two and
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war head system conprising: (a) a fusel age having an
axis; and (b) at |east one

expl osi vel y-formed-projectile charge having a | ength
and configured to generate at |east two expl osively

. forsned . bl ' [ WAk [ .
st Qi e R POREAED PRRRE A SEb A TPtk to saia
expl osi vel y-formed-projectile charge assum ng a
le loyed state wherein said length of said at |east
one expl osively-forned-projectile charge is
non-parallel to said axis. 8. The warhead system of
claim?7, wherein each said expl osively-
f or ned- projeecidrhead Ragtegm o caign at,i fvethenwh@mpiddingat edntrol
to emt between two and six of said blade projectiles

opagat i.ng substanti al | I.C |
BB 4 GO, Yo RRIAEI M Bl S . teast ome
further conprising a control systemincluding: a ]
expossvelyi formedipsgicctila thargaenod s isprsasasanfigured for sepwng a
expl osi vel y-forned-projectile charge; and a sensor

los&idd 8Pl WaPheE Bt RldiReabl Phargbt, sARI vartheiaghstem being
systemrelative to a target, said control system being

conf i ed to detopate said at .l east one - .
ool lEsiorae st B Spdins SoussiPdy- Rifadaspisshilsscharee in
with said | ocation. 10. The war head system of
acchadamc® witthsaidilocadmind control systemis further
configured to derive a velocity of the warhead system
relative to said target, the mechani sm bei ng operative
to detonate said at |east one

expl ppi velld iRk spitat of eladhad, oRhéRifesidr danes istdm is

both said | ocation and said velocity. 11. The
rhead.system of .cl aim7,.. Wher.ein c [ . .
it SRR RHGHOR deriv B BlfoinkOEHE DaRER, Sy rptative to said
attached to said fusel age. 12. The war head

targett e oéchanisnmbeingwirarative tndefonatiedaid at least one explosively-
expl osi vel yforned-projectile charge is rigidly

fortdeBGiBRctlif SPiafed UAChe@Rdance with Jboth SEEhRstatioh and said
defeating a shori-range surface-to-surface projectile,

Vél&&,fyrret hod conprising the steps of:

11.  The warhead system of claim 7, wherein each said explosively-

formed-projectile charge is hingedly attached to said fuselage.

12. The warhead system of claim 7, wherein each said explosively-

formed-projectile charge is rigidly attached to said fuselage.

13. A method for defeating a short-range surface-to-surface

projectile, the method comprising the steps of:
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(a) estimating a trajectory of the projectile; (b)
firing a projectile-intercepting nunition on an
intercepting flight path so as to bring the
projectile-intercepting nmunition within an engagenent
di stance fromthe projectile, the

proj(att i | estimatimgoepajeatprneiites projedilpr i si ng a fusel age
having an axis and carrying a warhead system incl udi ng

a chayge; fiand a(srbjdel nabideptiasi Hufi i ing fli
def Ic;(a? t he pg;lc?j }gr?:)gi Ile, ﬂ%&edr%gflﬁgslg}l%@%ﬂgﬁlggﬂilgt%gél@tmg tlight

expl osi vel y- f or med-proj ectil e arge having a Jlength,.
onh cont 1R &8 Pdodmi ecbreredigifteriatadiniurfaiyihin an
formed bl ade projectile propagating substantially

per pendi carigagement adibtdrmegt fronsaitlte  projectile, the projectile-
expl osi vel yforned-projectile charge assunm ng a

depl oyed ; j : ' tg ' [ [
angth 1 sTiscepiila, ittt SoeaRn e Aab® R pd At and
met hod of claim 13, vvh(grei n said .

expl osi veILIRE Asvphepdeystem ipalading ¢ shagar aflired to
generate at |east two explosively formed bl ade

projeyt i | detpriaprosid obargeketaandidelday tiepgadileul ar to-
said | ength. 15. The net hod of lgfgi m 13, wherein

i | St at i . . .
wisth S50 R 5 B SPoitedf Pomerargiseio.chagp baving leneth
such that, when said explosively-forned-projectile
andhepnfésured det genaralg thlesal @neepirdguivelyt farmedshiade projectile

expl osively fornmed bl ade projectile propagates in a
propaRainc0 RubBSANGINY apeipeiliichlaa Bb a88d C o NisAll SBiplosively-
I'engt h 'of said explosively-formed-projectile charge

and,sai d s of said fuselage. 16. The nethod .
fofifledpipieels hater arimaing x daoysd sate arier g g flgonating in
e_xgl osively-formed-projectile charge are configured
whkigh Isatdhigngthrisayonspardllelxpl sesd axiby- f or med- proj ecti l e
charge is detonated in said deployed state, said
expl osively fornmed bl ade projectile propagates in a
direction form ng an angl e of between 80 degrees and

180 Idegr €Hige Whtthod ©Or wald dBI eghéremh Ofaid aéxplbsiselyafi®med-
al ong said axis. 17. The nethod of claim 13,

0] i d. d.systemincludes at |east, a fir
prb§S6E SudRCis i IaeAY ! BEhsraf. B Past e ERhiadyely Thmes
wherein sai d warhead systemis configured to allow
blads proyecide peepagating substantiglly perpshdisalat to said length.
expl osi vel y-fornmed-projectile charges w t hout
det onati on of a second of said
expl osi vel y-fornmed-projectile charges. 18. The

met hidd ofTied adthdd of Whiginei 13, Shdlein said deployed state and said
projectile-intercepting nmunition further i ncluding a

o 58 YT B SRS Sl RBL B Fron s

charge to a deployed position at each of a plurality _
cxptosiy§ly doaned-phgieetler dhaage ve detonstgdi imgiid, deleyerbstate said
further conprising activating said depl oynent

exPRSed; FoHAEd Biude rQﬁEﬁR‘)’p&?hgates in a direction non-coplanar with
expl osi vel y-fornmed-projectife charge for directing

a é]]%b? ggﬁfa:lrgglg\gg{&/ 1&1&&”39 sa% %%%I&E&él?&lo%eed-tp%\){\]%&% cthre]gge and

said axis of said fuselage.
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16. The method of claim 13, wherein said deployed state and said
explosively-formed-projectile charge are configured such that, when said
explosively-formed-projectile charge is detonated in said deployed state, said
explosively formed blade projectile propagates in a direction forming an angle
of between 80 degrees and 180 degrees with a forward direction of said

fuselage along said axis.

17. The method of claim 13, wherein said warhead system includes at
least a first and a second explosively-formed-projectile charge, and wherein
said warhead system is configured to allow selective detonation of a first of
said explosively-formed-projectile charges without detonation of a second of

said explosively-formed-projectile charges.

18. The method of claim 13, wherein said projectile-intercepting
munition further including a deployment mechanism configured to allow
selective deployment of said explosively-formed-projectile charge to a
deployed position at each of a plurality of different angles relativé to said axis,
the method further comprising activating said deployment mechanism so as to
deploy said explosively-formed-projectile charge for directing said explosively

formed blade projectile towards the projectile.
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