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WO 2008/ 059477 PCT/1L2007/ 001342 WARHEAD FOR
| NTERCEPTI NG SYSTEM FI ELD AND BACKGROUND OF THE
WO DMBMEY4CN The present invention relates to acPCwE.2007/001342
‘def ense systens and, in particular, it 5 concerns a
war head system for a projectile-intercepting nmunition.
An "expl osi vRIAR HE ABXF ORIRAGEREERERNRS SYBTHEMN i s
an expl osive charge wwith a netallic liner configured
such that, when the explosive charge is detonated, the

expl osi on creates _enor nous pressures that accelerate
FIELD AN BAGK GROUND: QFHIEINVENJRON ng t he | ner

oA B 0 SH R p i,

oL Fopjeat By AL Rt PrOIERI BUCIERnG RunibR. 1 s
and Aarerplkivesy fofaled profectil h@RBrmunitiop. is a6 2xpiBive charge with

199?21 Fong et al., in US Patent No. 7,007,607, teach
a anetalii linent hmﬁgmpdcs}ghaﬂapt when ithe rexplasive ehatgesis detonated, the

Sk R b . e e G s
Hﬁﬁlﬁg gL h&‘ mI & rb@Sblalie B Sﬁﬁdcﬁﬁe fredShlpe. For more details on
fr

SCa eration o ungul ShOft- range

EPPtIhhﬁl@i'b?As rwéklat Beﬁﬂsr sH@ It O%lﬂeGﬁe S*E)Ipa@sivély fommtdqrojectiles”,
rockets. e of the nost wi despread exanples is the

Tareticsil aMisBie 2WaGheat]s Prdgiess inadstronguties] anduigeonamtiss, Vol 155,
These_rockets are r at ively slow (typically subsonic)

CBﬁIéF%&PIbérWr%Iﬁ ér9l9§ -accurate, 20 but their |ow cost
and ﬁ!%ligle? &iepl&%nge{gétgﬁ%@t Gq/ 8 7. Léacﬁcé 51%’ttl'1£ndeploys EFP

for arms orces

nﬁhitidﬂsaﬁ) %‘i‘&a&ﬂ h”ie"'ﬁifor&rd tc@ﬁé&té Si'algr ovRss. pz!lttent/\@yhﬁccktporated by
hi ghly desirable to provide an active defense system

refferende faradll pgrposescds if Gelteset foethdregeinhey reach their
i ntended target. However, given the natu of th
t hr ekhe aﬁyfes\u élﬁc%dﬁtsl wedﬁe@nkaég%wyg% I8 Argbilirationa yaguided short-

Ci en ost_to al I
ra@@sﬁﬁz i Foiets % ot rable Yol RathEERPORET Gps of the most
?é%ﬂr 1es géj tHY RuRsigh rBMLQI OEddand %eijarﬁﬂ{ts and equivalents.
|nt rceptin lumrange or long-range ballistic

Thessidokstsi srenelativebyislow ogliedlydswbsohar) aplphotcpartionlarky accurate,
short range rockets of the types described above.
bgptheirf layalcost, andhsimpleadepleymenomale| them; §n gftractiye optlon for mass

B RSB AP B e
rOCK ol ee dgél%l b PEdvide la ﬁ el RIERBWYEREh & defeating
Ny et ] tﬁou 5’

reliab roc such a hi _
S wékéﬁé belmféQhe)? %ﬁdﬂl theirdhiended |t&gbe Howekezegiviey the nature of the

threat, any such active defense system would need to be sufficiently low cost to allow
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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- usgdy theppemper densty A her depgmipnds vep

1 WD 2008/ 059477 PCT/1L2007/001342 fragnentation

war head, classical fragnentation warheads of suitable
walzosensi4sohs are typically not sufficient. |f PCI/IL2007/001342

relatively large fragnents (of the order of grans)

were used, the nunber density of the fragnments woul d
frabrAehtfibn WRirMed BRIl &HsicalftdgniBnidtion wakiasitie  off @sitabld dgmensions are

Im a | ow probability of inmpinging on the rocket.
typicalipasitranffibiens Hurdbsivedy lacgegiagmanisetafsthgoondgr of grams) were

result in a warhead_too | arge and igf rhé,fifﬂvg’»?y rapidly with miss-

fragments.(aof. th I .le f . r :
alfsBR R o8, BFbaBlyYEEF Dol oL AELIIRER tnercasing
nlﬂl%e[@aéf rl‘&%_ﬁthﬁa%rﬁ%@twoﬁmef&uﬂts it AUu§ashdadetbof frge aitd téstly to be
woul d be hi ghl'y advantageous to have, a nunition
sustybleeforfthe inténded diohction. siiamaltarrfyagraents| (oéthe mrder of tenths of a
surface-to-surface rockets. | 10 parfﬁ)iécul ar, |

§ n
gram) [veerp aisediviheeay ewldsypisally dii 1neffactivg é’&f"é\}%‘@éh? forket.
such.a pr.ojectile-intercepti. ition ic |
nor enéq‘lg ety & Hﬁﬁgsfg&nﬁ’g‘i dpg’\“}r% r%en?xég}}\ﬁgnad\?\vﬂaﬁﬁaggggg% have, a
Mﬁ?ﬁ &PV ra b 4 L YRR 008! :
mWar_ eggsgrj%;f (gﬁn#%? a1 OJdépgtr Il e-ﬁl? Sﬁggﬁi %}‘M Ooghrf&erCkets In
paftiBilat,oft. wARLdr6Y nglvantapbeud aacpiovide of wirhepd esstem for such a
i nvention there is provided, a warhead systemfor a
prpjestideinitersephingr pwpitiony whisht jveeuld; ke worBestestjeg ethan standard
conprising: (a),a fuselage having an axis; and (b) at
ﬁ‘f‘%‘& @tagﬁg%@;éq:%i&si vel y-formed 20 projectile charge
having a |l ength and configured to generate at | east
one explosively fornmed blade projectile propagating
SENISIARYIGF MHP ENMENTIONNar to the length, the at
I'east one explosively-fornmed-projectile charge = | .
assUhhegpraseidplimieationt it @ mﬁea wytstem | figeh pedjeetile-intercepting
at .| east one explosively-formed-projectile charge is
mﬁaﬁll%lar allel to the axis, the deployed state and the
expl Qsj veal y-forped: proj ect | bei : : :
conf gﬁ?ﬂ@%ﬁ% 6(8 h h%\ cﬂﬂﬁgnbt ﬁlég rﬁ%ge%t fVEELS there is provided, a
wﬁﬂﬁhﬂs's}"%ﬁr f Rfr”ﬁﬁ'ﬁﬂoﬁé&ﬁéjiﬂlt@r&@ﬁhge rhéniéi@hOneHee Owhihead system
the deployed state, the explosively fornmed bl ade
cqnpiisingi (#) @ fugebget baving a dkispand db) ahtrast opk axplosively-formed-
with the length of the expl osively-forned-proj lecti | e .
prejrstige charget vy ing pdength andeconfigirgd do eener ptlegpisgre explosively

f r{p\%élr]lﬂgg% %%(g}%(r:% nﬁ&g&)ﬁ%%gle%élgl?sg%t?agls gérp'éﬂ(‘ﬁcﬂfﬁstgrﬁle length, the at
1cRERCLIP166iV Ay St RRAIIG BT ERRBe abdtitniB I '@dsloFad Eame wherein the

length of the at least one 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 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-intercepting munition, the warhead system

comprising: (a) a fuselage having an axis; and (b) at least one explosively-formed-
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conprising: (a) a fusel age having an axis; and (b) at

| east one expl osively-forned- 2 WO 2008/ 059477
weERQDBNEROD7/ 001342 projectil e charge havi ng ap¢EOROIT/001342

and configured to generate at |east one expl osively

formed bl ade projectile propagating substantially

pr%iéoﬁ?é‘ fharebHavi: hhengn@idcorfipiréd to lpeAslatoRLleast one explosively
e

pl osi vel'y-forned-proj ectile charge assum ng a
fotriet hlade ptajeetilehpropagatingesubstargiahlyoperphredigular dagthe demgth, the at
expl osi vel y-formed-projectile charge is non-Iﬂar aAI el .
leas) anecexplesively-fommedappisetile chasge asswninge deployed state wherein the
expl osi.vel y-f or med- projectile char j onf i
e O S REAR L b e Ao B MBI o
ifarge | n bAd & G el - firled- tile ch bei
a)geigpltggi \%Pg)%%gr %\gagéblag%e IEJhreojg)grg?i I eglpr opaga I"gﬁs@:i 1ne aC atge being
colifi@eed quch featmwignathe anglesivdly fotmedpra@ctiegclemge andetonated in
180 degrees with a forward direction of the fuselage ., .
thel dapdoyadestase; she evplpsbely fermgdsblage @FPE@HI%EW?WQ 1pg direction
the teachi pgs.of the sent in ipn, a r head T
foging A OISO, PUPsen b doate s i B 23i5e v 2 {Bpfard direction of
th%g&gg%iﬁ%ﬁ?%ﬁé agQnprising: (a) a fuselage having an
axi's; a east two expl osively-fornmed- projectile

char grére Badlbo pRovided acterditigh @t eichinggr efithieopresent invention, a
generate at |east one explosively forned bl ade

Wlaﬂrﬂadctﬁyl%@npr oragmt progectilodnigrespsingy penitiondi gig awaghsad ~system
the 15 th, t | osi vel y- f d-proj.ecti | .
CemBFgas: 1) AgTursiiEs, MDY BEn AR WDEN (DLRbELH GGy Elgsively-formed-
el CECL . .
Pl BT el S3a2 AP A ) KRRl Wil tast one
k516854 BlyO0 Ford@d bPidet bej@étﬂl: Qsrop &g atirdgd EﬁESdiaﬂ(iﬁaﬂ}e‘pbfﬂeﬁdicular to the
an C a

charges is non-parall el to the axis; ¢
lengtinrih¢ iexplosivel e fomoed-poyecie charges bring deployable between a stowed
detonation of a fir

f - .
Stelpmoghisdl Porlenibdiropeapinly erstisbavid) icis ofghe fuselage and a
aERPE i8R, SR SRl PE capt, gb Jbe axniogively-fosmed-projectle

cﬁ#&&@‘?sr nbf 1f1ab thBedi: esfNtc)iand&bhhdsh shdteiecdsfigured to allow
al So provided at |east one sensor deployed for

sélectivendetdnptisn tofon fakt af tthe gaplosingjledoimed-ptdjectile charges without
detonati on system bei ng]s[ esponsive tq a.sensed

detesntionmaf arcedns efthgexplnssedr-ipmacd-projestalsiahargsy-
detonate a subset of the expl.osively-formned-proj ' . :
char Ggtorfing 125 Soriin tsgla® PP BSESontibREMEGT, RGe IER{b Brovided a
| b lsEnd2h @ BALRI S of QVHaF RcBRN#RAdetonation
l%gggﬁ?g%ﬁg%g@elﬁgﬁglsso %go | ded agcordif%gp?o tche’ crondit
syeahbeigs rekpaiéventesesensed pesitionnof ahe waghe arojsytileetm selectively
for a projectile-intercepting nmunition, the warhead
detppatna subsmr¢%theg¢>_q(la;1valyf£omedggomﬁl¢1 ghangeasthat arepgeployed to
f(?rtm ![heeaggplésvi\gel?lxtglrrggcll \éfald%_grgjreggpe_propagating towards the sensed position.
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; (b)at least two explosively-formed-
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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projectile charges, each having a |l ength and
configured to generate at |east one 30 expl osively
wo eoosesb4bt ade projectil e propagating substant i BET/IL2007/001342
per pendi cular to the I|ength, the
expl osi vel y-fornmed-projectile charges bei ng depl oyabl e
stRRlWERRicR the h 1135 Wb AR@410p Baralle PWiithl theé QXY 8P fiddfuselage and a
state in whichthe length lies substantially parall el o
deployed heatexivherdin t the fenpth aofe cackl of thiephplesivelysfosmed-projectile
wherein the length of each of the .
chaxgesots v@wafaé}egéa _the %1 3nd (C)ch depleymeat rsehanisy (copfigured to

alﬁcgvtdggl[ogggx%}é Bﬁgﬁ}éﬁ%f @Fdegc%h$s¥£$9%fpﬁﬁ§@-%95jéaif%ocfhfa}géértgda deployed
p(?s’fﬂ&?.s‘itvé?lf-ifr'sg %ngr%g ALV EGH | the £H3T 8RB dbployniieR! & adsdeond of the

position at t angle relative to the axis and
egpsioyRefirmel-mofettndhafgasheo a deployed position at a second angle
expl osi vel y-formed-projectile charges to a deploy?d
repatsvet fodhe akisatheesesnud apgledeing fiierort fromthe fuxl anglene

Zgg gggf: s %lfge)t(gae m%g&gﬁgg fl'%:ré)}'g]sc%rﬂ gn%llj{g]?gh ﬁ{]egle % also provided at
leégt\é?xg:; %egngr Hgﬁﬁgecﬂ ?orageﬁging é’%ﬂbﬁﬁg? Yt a tafRS Epr@j@@til%‘? AfOdeployment

or 'sensing a positiron of a targe

mRERAESH beéing b oneileyre sénsed posittdinof tha faggetgprojectile to select an
responsi ve %o ‘a sensed position of the target

operipgangleor ot keastaute afithe sppleisiiglyifotmeed-projeetile charees.

one of the explosively-forned-projectile c es. . .
Ther Shete 1 455 BROVHBLICEEbTaIfdTe SachuEs i ergseRt nvention, a
t he pres i gyent i - T Y

LS50 4 e RSB AL o partead system

c&ﬁgﬂging% 8) a (@Jelded HaGINGOM BRI PAdab) akiledst amd Eiplosively-formed-
[ east oOne ‘expl osively-fornmed 15 projectile charge

phjedtily chatgenigivingadengthf anglicenfigwed én @eacwmiaat leagstwo explosively
f&w éﬁldg ;rgj;t '@B@%ﬁf@%ﬁ%&?ﬁ%?%ﬁ%%ﬁ%&ﬂgragqa%ﬁe”%ngth, the at
I t i vely-f - pr.oi - :
1esSEs FEPiaSELr R LroRs TRt Shishinecd BERBypd sjate wherein the
1&6%}]1'3 %ﬁﬁ? ;ag ?’ea%f( Bh@%xiérdsyve‘lwfaﬁﬂedlb@dge@tﬁkl ¢hagg@igfoh-parallel to the

par a to the "axis.” 20 According to a further
akgature of the present invention, each the

expl osi vel y- fornmed-projectile charge is operat iCXhﬁ .
whenAdeputiag de a fustherifeaties abdhe PIRSCRIHNVENLORY aghythe explosively-

bl ad rojectiles .propagating substantjally. .

foRE R GG Fherge hPPagen st SgRuRih B el bityiggp two and six of
SOYQA AT pdBeAdiciBr 8 &R length.

ﬂ%e‘re@%lﬂégaag(ﬁlggﬁ?é 0 s@%t em %cl Lyd? nrg: acdet onat i ongt

subswsicerdih@to defuathat feagurehf the preseat inveatio25there is also provided a

expl osi vel y-fornmed-projectile charge; and a sensor
conirbl gustent inmludipgsiandetenpiemtsubRyiem: FE deloRatiag the at least one
egélz)tﬁig/g&— (la%%é@\fgrotjgctﬁe tc?lgngg%t; ’anhhaesgn%g} rcghﬁéé{xséﬁe or bs%h:ﬂgg 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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detonate the at |east one

expl osi vel y-fornmed-projectile charge in accordance
wowaoR/o0sde7 | ocation. According to a further feRtTI20@H 001342

t he present invention, the control systemis 30

further configured to derive a velocity of the warhead

m%%%lrsg %gl%%%chﬁle% td8etonh@ethe dtN€ast Hn¥RxpRIV 1P F8red-projectile

mechani sm bei ng operative to
chdgteonaiceotdemcawitlebsth thebocation and the velocity.

expl osively-forned-projectile charge.in accordﬁce .

wi t PAersrdinghie # derberofeaing aftbe REPHat iveniia cafh ihg gxplosively-

a further .feature. of. the present. i ' each the
ogpstaereiil Tegidinra BEP R e Y0 sk. Looar

att %Md#&[ %Jh& fiMR&! R9Rure %Pﬁ‘ﬁ@;ﬁ@éeﬂﬂ ihPeridillchBiefthe explosively-

feature o e present I nvention, each the
fofnsbll Pebjeetile cHaosaBdigidbj steiched te liee fimelager i gi dl y

attached to the fusel age. There is al so provi ded . )

accoFhiirags tabsa heovided: h¢apgdings tor the (eaekiags afifbe pressmt igvention, a

nmet hod. for, def.eati ng, a short-range surface-to-sur.fac
mihofloder | QelSRHES may AR TERHD; PETAG- ErUI LG TRRLL(e) the  method

A | . . i : . g .

iR 8 At APl BLERY b Dol firin 5
profécBlEanbicpting | hitioat BnsSan dftekeeplingndlightepath so as to bring the

projectile-intéercepting nmunition wthin an engagement L
projestitmvirgefoepting eumitionewithirean engagpmente distanceckapmy thegprojectile,

a war head system i nc| ud

| h ; :
the QUBI AT SIS L BYHEm: Beygibee PHEER: B 6e) fefonating the

wh ' iS-.an- . - _ .
ciPES Shrrs O GRAR B% BT ERIE RREH K FHREEPRS an cxplosively-formed-
prd 'l@Eﬁzlug% HRAS aQBSptR aRidosdnBiured 16 geperagsableasteone explosively

pr o] ect i propagating substantially perpendicular to

forfed Ibdadst projditite pipagating substartiedly perpendiculef ta the length.
present inventign, the exp‘lhtg i vel y-forned- pr,oj ectli l.e
char fecordingie 3 firthea feaugreakihsirresant iguenfiopythe explosively-formed-
explosiyely fornmed bl ad rojectil r.Qpa i

PEUBHE RRES I SR pencl) sPhEa bk PRl SRhloBisly, Jormed blade

' i 1 ﬁlﬁg&ﬁ(ﬁéﬁﬁ} té theslehi@n, the

pltr?‘Z%c?ltk:; gaaﬁ%}lgggéﬁﬁ&t%ﬁ usel age havi ng angaxi s, and

wher A'bﬁoﬁdh? ax o foshordeytut® ofite pres¢rtdnvemiarh dhgmunition includes a
e

assunes a deployed state in which the I_eng{th of the, .
fusglaiges hewing- Ror peld, gingj evhareia the apgrlosivelyotormgd-prpigetile charge

to the axis, the deployed state and the . N
A L
i - ' AhrdaAl ahbi &H®losively-formed-
CHED 5 I, M R S SR g losiel-omme
pRj&tisichatge beingrdniibada quoh) that,i whe? hepexplagiatlysfarmed-projectile
direction non-coplanar with the length of the .
clearge dsidesbyatedrinettie 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.

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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projectile charge and the axis of the fusel age.
According to a further feature of the present
WO pooeqsd4on, the nunition includes a fusel age PEwinego72001342
axis, and wherein the explosively-fornmed-projectile
charge assunes a deployed state in which the length
clitrgd B deidilagsd Vielthe fdvpIm@dpstaies ahe | sxpbdkiedlfr emied blade projectile
non-parallel to the axis, the deployed state and the
preppgaiss vrelaydirentiomdforpring eat angle cfdrajwepridfigdegracs gnd 0 degrees
such_that, when the expl gsivel y-forned-projectile 5
wvbazf@wmfs@mcﬁm@ﬂethegﬁﬁ?mg@éé thepgfge i s detonat ed
in the dapl oye te, ' .
or o} Sceetlhe K Ao Bhel sehife SERREHAGRY ihOetRin, 2h8dfarhead system
inefudest ¥eehsBQ dRY QR ANskcdBA &gAHA0sly-friedepropycnde dharge, and
direction of the fusel age along the axis. According to
whefeitt thewatlemidusystah is venfigesdnto altorerselestive tdetonation of a first of
war head system 5 includes at least a first_and a

thee exiasizr-famedrprofesitite Rhgrgsse dithont (detprationy of a second of the
er.ei,n the rhead, systemis configured to all ow

RS Dol aARCI SR st of the
expl g3tyRing {005 PEdhd Rh&EFL bF theCPREGRSnVtIH khe munition includes a
detonation of a second of the

fus¥hko hiavizlgyard axispehered) thet profectibaigeepag andiitign tfarther including
further feature of the present invention, the nunjtion

ai deplopmens mechanisel aepnitgavedgtanaliows selgstivei deplpyment of the

roj.ectile-intercepting rmunition further.includi a .
RGNS et R B aalic U COAEF dorbacRisyed POs ol et & pluralicy of
dﬁ'%%rﬁyﬁ?%& AL1atDE totitR! 2sikY the/ niQho® %ﬁp@f %Bﬁiyrfslin% activating the
c1narge a deployed position at each of a plurality
d&floyehf fHeehinigmodeas & ldepioyethiecextphesively sformbd-prejeotitt charge for

further conprising activating the deploynent
directingrthe explosasly %oxqud blade peojectile towards the projectile.

expl osi vel y-formed-projectile charge for 15 directing

the explosively forned bl ade projectile towards the

BRIBESSESCRIPRIDRO ! gTHE DRAWNGS The
TV way of exanple only,

W t hThefigvation khertinedReABERIY Wiy 6ff , oniewethneeference to

20 FIG IAis a schematic isometric view of a first
therqecempanpinigalrawingsn whexghosi vel y- f or ned- proj ectil e

charge for use in_a warhead system caqnstpucted and )

oper BIGvd Ands ot dichgmasict omedde hyigys obr a¢ Hest piarlgpientation of an

SR P RURER) S B MR B eonsuctcd e

opdavEadcbedinB PO teibIBHES of the present invention, for a projectile-

intercepting munition;

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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25 A and illustrating the direction of travel of a

single explosively fornmed projectile emtted by this
webasgsg47Fl G 2A is a schematic isonetric vi ew@rf/112007/001342

second i npl enentati on of an

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

war fged 2®/§tae£8heﬁ%§tdr5§st§&t@ﬂal vieRefakkh V&oaghehé chtge of Figure
to the teachings of the present invention, for a

2 Aprazjde iitustatingOthentirecé iofgtraveli of awo levlﬁs@@bslf()ﬁﬁadmrqectlles
PCT/1L2007/001342 FIG 2B is a schematic
engitted Hy<4bist¢hongd; vi ew t aken through the charge of

"S5 8, 500 L b 0 D i o
Eﬁﬁ\%q?/ nfg neﬁ‘?tgtbétﬂ% %?ﬂgg%f Qsk SAME W drRead Wét@lfn &onstructed and

1 on

opR¥aes iavedifortoethep teichiridsl of cther grestntr insantion, afor a projectile-
war head system constructed and operative accor di ng
1ntemcetmmgtraanmongs of the present invention, for a

a8 s sets g sstanal Heatt i SghEpTe caree of Figure
3K ha%‘lrdgﬁhﬁiraf hg%@ dl%é:’[ﬁﬂldO | tircﬁ{ {HGe teglg ?J&ftfoﬁﬂegfprqectlles

trave ee explosively rned proj ett

erfiticH hRY cHabg &, charge FIG 4Ais a schermtl c
i sometric view of a fourth inplenentation of an

expli€i. véhyist ar sahatnpitio) mmetteccmwg@ffa)rfougb mplgmentatlon of an
war head syst constructed. and .operatjve, accord

CX@éOSﬂYFéYIfQH&ﬁ‘i?W@%leS?I et FRATBF JOBISC IRvatarbrAd FETteE. Co%stmcted and
o bk 8L B KRBT o) % el FlRidgs or o profectt-

infhedfimeOhufiitar e 4A and illustrating the d| rection of
travel “of four "explosively forned projectiles emtted
by tHiG 4Bha gechefdHs. cross- mtml sixive takien chicsighethe icbarge of Figure
views of a proje ctlle carrying a first l;godlma

44 and nldesiratipg: e dusplden i travelngt dpur srplastuely otfg’a‘inﬁﬂ projectiles

20 teachlngs of the present invention,
IP&W[]H‘ agg gl e charge, the warhead bei ng shovvn
reSpleK.*%S.Vﬁ .

states at |5f]?le%}gﬁst(ﬁkgl\g§gl %gﬁ{aefl[g 2’2&/* %ﬂ@ﬁ)@%eéﬁw an a first
erabedigtdhe nef iaC warhomd raystem, e\mensti'ucaed)ral]decdpetzm\cearacwndglg to the
tegchings 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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second enbodi nent of a warhead system constructed and
operative according to the 25 teachings of the
w@e@ses471 nventi on, including four charges, theCHEHR2EAD1342
system being shown, respectively, in a stowed state
and a deployed state; FIG 7 is a schematic isonetric
vi eWI6F. &ispr swhentaticasametric vigwaofl & prajectdaivadtiymgna wathead system,
war head system _constrycted and operative according o .
copucted apHiopggative aoserding & the teacngs of the preseniiipyention, showing

four char i n their deploye t a3 r
they ey SEFrab Gl BiioSRL PR iR ol § ttaneyjgy-symmetry
ch%p%gs/ 059477 PCT/1L2007/001342 FIG 8 is a schematic
sortetric view of a projectile carrying a warhead
systEi@. 9 ¢oasichentadd iHostraijar of iavparaod ar dianeadosytsteen, constructed
teachings of the present invention, showng the | )
andi ropetatvies aceording/dp e dsashirgs, @ity theo Mrgwenp  wveptipn.eshowing a

e ) OB BHRM LrIBEEST Sl o
con tsiﬁlré‘g: tAfh_1did al%pfdh@fﬂa‘t'i@Siﬂﬁgﬁ)é@dr{bgsﬂd%viﬁlgmatrﬁ@tﬂﬁﬂy %Rlvantageous

of € present 1 nvention, OW ng a nec smfor

clﬁ% ??ek lafl@ openRGArylef foppeniraliziol arocker hecatdndadds@F. late arrival
| OA- I0C are schematic illustrations show ng

topiatercept) zgcuyate dvtarceatyeodsarkyriyal tojipéerceptdraspestivedy.-
angl es for neutralizing a rocket threat in cases of
late arrival 10 to intercept, accurate intercept, and
| +8 b BRE i {MEN s DESCRI PTI ON
D%SEIE E%EQ?QE@E;‘_ *Efi\‘/%g J@%@%@ﬂgg?tesem ?nventi on is
a Varheagkesoit eienfionaira0)vesrhehd®- sy3t@nc &t iangrojectile-intercepting
muni tion. 15 The principles and operation of warhead
may#ios according to the present invention may be
better understood with reference to, the draw ng

and
Uhe The Gumeaigs faddBREIRTIER | ofn Waseath sy BPmS G<olies; nthe present
. the.present .i nyentiaqn S t t ' .
ing GGG et PERe ARRERSE o Rt dGref e, FOTIH Urbings and the
| ' | oyi ng expl osively- 20
a%&r@%&g{rgg?%%ﬁ)ﬁgﬁcharges configured to form an
expl Bgiway wffiatroddctidny ghe lpesgat envéntion eddrestes dhe shortcomings of

perpendicular to its direction of travel. Such a sl ug )
conyentighal/fragmentation warbeads, ol dafeaicprpieciiefebycapApiapg explosively-

e T S5 G 0 PEALBAGe o
a HRESRGh BEARGaRURIra6its! directibifofafivid! SEdPS Stug is highly effective over

relatively large distances to cut through objects in its way, and is therefore referred to

) Py

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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sectional shape of the slug may vary consi derable, as
a function of the charge shape 25 and |iner thickness,
W@3008854mwWn to one ordinarily skilled in the BECT/IL2007/001342
Exanpl es of cross- sectional shapes of the bl ade
projectile include, but are not limted to: round; V-
intd1eBsiEh 2 fido hvestaR -sdhaP e brif thy SjmjeetimiMeng ablrdtion within an
char'ge configuration is that escribed in the
erdagenmeahdistaret fSnPeernck. ard, @0las0Pne Tharge pha warhead system
general terms,. the present invenji.on provid a nmet hod
citped deBa P ian 1SGPORBIN- 08 el 4he FRQCLH fud Barticular feature

ket or _.other .shokt-r, j [ ' j ;
of J5§ el bR b AFCSE Refl Sbelfink U6 "espiosivly-formes
pﬂﬁéﬂtﬁé chafel Hﬁﬁﬁg QPehSGH ARMNEEAPIUrkS tb igeRdra®d afilfeasBoexplosively
2008/ 0594 PCT/TL2007/ 001342 Tintercepting flight
farated badasptojediile rgavehimgpsustattially- pependispdarntp the length of the
munition wthin an engagenent di stance fromthe
chasgret, and at |east one charge of a warhead system

Che Foest proterd bl ERenisy 8 BE inaBud. b SFhERE of a number

of r%?t{ﬁréso Qfet B?éfefzﬂ)gy %dJP?éﬁtin Araef M8 AftHef @hance the likelihood of
explosively-formed” 5 projectile charge having a | ength

defedtin@mid augadTheseyfsaarras eambe lbeaatly snbdexgddomite évy groups: a first
fornmed bl ade projectile traveling substantiallly.

gramppeh datuiearwhisht inerease ghe, spatial foveraes: gl explasivgbt formed blades

RSP SR BB e MoV P8 Wil apvide varions
léa)%}s%f §éle£t?Y§ “%itnli‘iﬁg” &r hflse! é)ﬁ)@&éi@&?dfo?ﬁledlﬁades towards the
ereating e targéet. ese features can”be broadly

ta\'?;\r%&d Ul €k Gthérindsd Yatedrcrueif-evidénty #tshoulilipe ohddre@odrtkat the various
ich increase the spatial coverage of explosively '
differeetfebtaeeare nmtiniutually exclvsivehandnaythegiseddn @dyantage together.

second group of featur whi ch_pr ovi ari,o | | .
of sdMEEPEy @OV, 1R nfg&j‘e Jretis EEI%HB‘iSed@\p/)IaBIQi J& yll{%\g?ra‘fqe a basic
.forned. hl ad r g r qet i .
PR LEE ! SNSRI R RSP L3R 0\t or et
aﬁfé%Plfc%ﬁxb&y%ﬂrﬁedi ibidR! @Harge VYR SarReongetedloiwahgly recess 12 lined
exclusive, and may be used to advant age together.

withr saitablnaluctite nietalficglimersmatiriglirsosthaf emdetamation of the charge, a
illustrate a basic inpl grrent tion of
Q

maipn past b he HiBenmalesi s Earne i AgeplpsivAly fgimed blage extending
.emtiin an _expl osiyel y f I g
i) i A SR 508 bR PR SFulfliy o aiecion
pgff'iﬁtnﬁic%l bahd éngih MRindRLRUIH theQridin FRfurdeBonat i on

of the charge, a 20 major part of the liner material

i s f O madsti piteferaed éxplanematiynd, oasreremplified ext Eigiiresy 2A-4B, each

in a direction parallel to the length of the charge .
explosivielx-&onmeg-prpjectie r ebanggn is con igured 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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per pendi cular to the length, as indicated by the arrow

in Figure 113. In nost preferred inplenentations, as
we@spbift ed i n Figures 2A-4B, each PCT/IL2007/001342

expl osi vel y-fornmed-projectile charge is configured to

generate a plurality of 25 explosively formed bl ade :
diRscPions loflteseRrag NAGaEited herdh 3t aill ibelimmetiatebnapprecated that the use

the length. Thus, in the exanple of Figures 2A and 2B, . i
oft aeplutadity ofi Hado piojgetiles res chgegre ingreaseqdhe mygeber of directions in

jectiles emtted in site directions.

whichpicesies 365 mtehs SETERD NGIA PR LoD AL s aee around the
m%ﬁgjfoglgff{yﬁgcgﬂgf ﬁl%n\%%h\?/ OF)Q,jE&fCﬁEH e 145 B{@ﬁﬁge bffo 0.05 kg up to 10

I espec e arger nunoers o ades

kAl shd kit pReRt4dlg inaht haHg fene0.30kd h\?ntosizxkgze‘rhe resulting blade
Charge are typically not required. Preferably,

projddtidel ipicaity mscewsghit iy thet faage ofid Og2bpercentoafithi ghaege weight.
to emit 'the blade projectiles in s%mTetri ca

. [ .
di st FRBiRgdI0vS O iZHUS/ 6A0aR7 PEReaseYsteR: Bphiding one or more
di rections_of .travel i r I ' .
C}} ' S#Iafse F@‘T_]_ggp e %%cgﬁts {khéait é@%ﬁ{e_%t@g("tjﬂgfﬁ% apFLbs\ngaHet ?E' Details of
fu@{:lag_l: aﬂle{JBr 94 Gfd hbﬁﬁar@(‘t‘ff thB Profenit NIAVARRDS vilEh A implemented
0 Irections iIn ich projectiles are emtted,
udihg rsidytantialie aiyngyeh of gpatival pojedilegeodeumissilee UAV or other
munition. Typically, the weight of each charge lies i

platfermawlgiehfis effectiostodyingthegvarhead gystemg app@fercept position within
.ably i from.p. 2 k :
o elisefivn gns et tpapee ot 8t foie ahe L8t AptifanibhS, g number of
. - t 1 . .
! 203 Y, ABEICaR ol A RAIORTS Spriclarly sied

véryGhest ragge applicativas ssuchaks grotkotihg tadksrdradhdrovehicles from anti-tank
intercept the tar projectile by a fusel age 14.

et 4

raoketsi bs Pd?GS-fEmebalye appligationss chasgesod 0 e tprsferably deployed in a

present inyentiaqn, whi.ch can be.iml nted 1 Si. .
stBusar B et JOU pSE At el ) pard g Bt he axis of

1L.8S11 € . £ B [ '

R g et e L R PED N M U e moved 08
dp1bPed stadd) (BEHIREIB ST aRdorofDY, iont paraBél torthi datélhge axis, prior to

I'n one set of applications, a nunber of charges 10
detoratiomi dl y nmounted on fusel age 14. This option is

ery.s

i s e oo bW PR BERP A R 4TSscd osiion
ant.i -t ank 15. k . AF i
R A B R 50 255 PG et opton,
eddh &%ge 30)is h%ééfm;g hghéhderOfRe Bigb IUa B iaally aPis 2édrtdost end. The

wth the axis o usel age 14, during flight, thereb

deployed ziangofieady chitinge dBanaebe at e fixedp d angle to the axis of the
depl oyed state (Figures 5B, 5C and/ or 5D1)1’ ) .
msafag@aMmedlnngt% pREan.agleployneny; mgeharism may be implemented

detonation. . ) . . .
simply as a spring-biased mechanism, an electromagnetic mechanism, or a

pyrotechnically-actuated mechanism; 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

10
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20 Depl oynent of charges 10 fromtheir stowed
positions to the depl oyed position nay be achieved in
wa@eosdesiT ed manner. According to a parti cul arPgI/IL2007/001342
preferred option, each charge 10 is hingedly
attached,to fuselage 14, typically at its rearnost
ackBeling 6 the qpirtiyeldr Pasdsetefs ofitiie diteragptid ofshebmuaition with the
fixed predefined angle to the axis of the fusel age

targst aodkeig This approachtis dest dlustptesyire Figuree HAA §0k ndpecifically, in

Fi%ﬁreleﬂ l figg tgt%aé%q? @S(:‘.pé | ?é ﬁl?‘e fﬁ?‘rglgtng)_c@e? fsegxegﬁcoqaﬂga%e 14. This
. .0t e i - i L th. i .
USSP, SELL SR AL RURRIEIL e Y6 fife T o of closes

inféréffon By tHerat 41, Syt %ﬁér RARJAChI@I e post dficlbkest interception. In
exanpl e of Figure A- 6B bel ow, or may be different

thiositwtitfohe ptitnat hagess, ofidefeating éhe tangpt misdilemingprke achieved by a
bel ow. 30 According to a ther set. of preferre

fquBIdeﬁEﬁ@tﬁflieéﬁLQﬂ\@gﬁ rfoma%fIg de @fﬁﬁytﬂﬂo@“@%{ by P@BF%F 10a opened
depl oyabl e .t 0,an relati f i .

o SPARIE BB AL ReLBIDE b s RS8R0 SO16H, retaive o

thRFBRVAHNS i diditdteioptiths AlsRlagear anet ers of the

Interception of the munition wth the target rocket.
Thi sFiapps d8Bhiliustratesta thdeushemt thet muniigupasses sde-aO® the target

Specifically, in Figure 10Ais illustrated a '
rcwﬁetr dnithis qaseglaterply idirected b‘ﬁéﬁd’f@lecﬁké{%‘@éedlg? ?c’feﬁ%hé‘/ 90° to the
sitfuation ma rise. whe the nunjti IS, | S .
et i oot e Tfig cule e Y1 g DLl pfiEst ppdn this case is
tyﬁ)?d'agl UnotO&ritidhi! bif irﬁ thd gré'f@ﬁ‘&_b icAge {IgtRed heRf atl G5d%ig angle of
nterception. 1n this Situation, optiml chances of
ratghBadNy dded. Pdtegrativelpsthby may bbepentd sued tbydeploy the length of
forward-directed explosively formed bl ade projectile
th@hmtmgm shbstantialdy perpeodicyjpsrie dhe leagthohigl targgt egkst.
t han_90, h.as for exanmple in the range of 105:165
or afigvke 1HC WRRIHE gt aidtese tof BTG Ts fheatbor A target rocket.
S EL.QuT, ' -rat: : .
AN s BB CT Lithof ¢ 5aty B30T A o of close
i@ EptiorAbe tivd katﬁéﬂf, o Has Justl pdsed ey point lofcloiesenitedeption. In this
roughly 90 to the fuselage axis are nost effective.
sifirationp pitimplachgreesfoft Hefeating gbs thogeti missiliesmayske jashieved by a
eferred. cas

rqta)r/\felglgl?qlix!a%/cgg }qgg Is}vI algggbm%iagq:]ta{]cgegtﬁle e]nblgﬁa |b91 aggla[rge 10c opened
. iyl 0 calats
S35 RS TBR. Yy BT SRETRR 1075, elaive ot

fRNPE ARial Hh_@lﬁtiéni’ of g fiRBRLp. AltckitiveR), Gedinilae kéfect can be achieved

Figure 10C illustrates a case where the nunition is
bylopeningfoftahecharge gethe oppasite (10Mkr3 siietofgirojmetitead/4 b arz engle greater
than A it to the Tower srm ifusteated ih Fighre 7 Tn Bher cfle, 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, in a
direction forming an angle of between 80 degrees and 180 degrees with a forward
direction of .the 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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interception of the target, or has just passed the

poi nt of closest interception. In this situation,
wopisnesd47chances of defeating the target m ssiPEr/MRYo®1342

achi eved by a 20 rearward-directed explosively formed

bl ade projectile emtted by a charge 10c opened to an
lmBth)lélﬁ&ﬁteﬁfh’smrB&m sotatedasbouo its dxmgabye theradthmn ofagmall electrical

1 relative to the forward axial direction of

motes ¥usennagted m ther aram ibyedy approprigtq gearcyyséen Ianl hiseaction of the

mgfog'vsg@%éﬁogl@dﬁfye BL%} 2 ﬁ?’é%l%ir epg CQR)Z}' éiopgfazg{g:pnder closed- loop
oé%'i‘ b%gt‘?d %}1 Ih?e[l &Qasﬂl?&nlaﬁé"?f tHe Trﬁ]r% éb%gbﬁaéseﬂlldi&ted by an angular

her case appr eci at ed

entcaaér 2P endtstedoit the Hidgd enfmgéargysteﬂl povédest the eceskary mechanical
projectile in a sideways or rearward direction

lotkinig| éffext emct ithe wgmuhanatedeangloss aehigvédrpdonslh elll of the charges
qL;ro jectile in a _direction far, fromthe

dmaé_{a}q @ﬁv?i together hyed g@@m%gemggqnem g),eg{xrgypg,l’ to;the §ame opening
oSt ARG, R 05 HFEL 1SS RGREE ceploymens

mBERRGsthNBIIeWiS: edéh /éﬂa%éa@bs diftlrﬁalﬁeﬁﬁﬁed $6wheds the target rocket
achi eving conttoll ed sel ective openi'ng of one or nore

accbedigg td thd paratretrst odimdreeptiongpositibh und ivekicgiyr&f the taxget relative
shown here, each _charge 11 WD 2008/ 059477
topslay umtioT Fes e a3 6eRts .hirp@reb?@ﬁ 8 external sgRIArSyplemsy

abouf. its hin th t f |
LN T RO G e e —
m%&?tﬁ@rf’?r}%orzrh%tﬁPtFlgﬁré%fGA%d 6BLAGstHte Caoﬁéﬁé)'ehﬁﬁ)d%eﬁ't in which

cont system 20, preferably operating under
fouk @hetkes ddp eaclosbnfiguledstedzamrrate taupluratagsofr expdodivelfy formed blade
the armrotation as indicat ed by an angul ar 5 encoder
prejectiles; ar¢ dapleyed ma fuselpge Irhaidga sleplyyanah rpﬁ@vm%g configured to
t he necessar n| cal ockin ect gnce

RS SRFEATIC 1 h PERASIETTRES aRaI<yn B Sahe dhgut 90° to the
§
LR8BI NBRELDIY KSR cach peneratin o
blAlié prajatiiles] thereddcprodhainged astan dﬂl@byad@qnejedﬁesom as illustrated in
i ndependent depl oynment mechani sm al |l ow ng each
Figonee GB. {towlebopppresidted shatghesedadel Qrth@ﬂﬁ&Pg@Yldﬁ G¥leasive spatial
10 a di th t f t
CSEAR FOHNARES I DL DGR WA E PENGR- V8o £, dpn, right and
1e2iu réctl%ﬂs r%ﬁﬁlfé‘ zheaﬁlséﬁ Wd%&oﬁ &cﬁh%%)ftn%/@ﬁl The up, down,

Hsor sys$ urn| ng
leﬁxzﬁ{mhgl'itymﬁéﬂﬁ%ﬂb 'ﬁ?@&@m@‘ffed bRIdeSR0fectilgd\ephitied Trom the sides of the
nore detail, Figures 6A and 6B illustrate a basic

clemrpes]iiegrih a diredtionhnorf-ooplaniawitbshe dength et the nha@@raeml the axis of
to generate a plurality of e oslvelyformsd bl

thﬁr@ﬁ%légi:lé@méﬂtg tepheo éll%ﬁ’ ft &tﬁ@‘éedlﬂpf?}llccil 1gn, ahe dlstr1but1on of
th1s gpa?%?%g\t/erggg QQE 2 Vaff H,f fog%&gglp‘ie, 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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open them on command to a predeterm ned angle, in this
case about 90, to the fuselage axis. The exanple

- W@ bh@snsdaer e enpl oys four charges each gener at i POI/fI2067/001342

bl ade projectiles, thereby producing a total of 16
bl ade projectiles 24 as illustrated in Figure 6B. It
seldctdd bhargept®eilitiedias hix bebteclartveadd gafojtarg theetarget is detonated.
provi de extensive spatial 20 coverage around fusel a %
Dqtarmm%uoud@ﬂq@ettmr @esiting may Rgragh lf?VééirautalbomaBW by-the munition

vih ok, of ores Sphpftal fiish® Divigalh i Sohfled Fnbift SHA8R). or may be
elrﬁfr[neﬂnd a hHRIdeT ﬁgrhé’fﬂf aﬁﬂec&ﬁmleé’)%@erﬁYmbl:&ﬁﬁlumcatlon with the

pr o] ect| es emtte romthe sides of the charges,

miniion. iSelattige rdtsnavionnsieartiih ahargesi 1hntayebd pagidulaﬂy valuable to
the charge and the axis of the fusel age. According t
preventdeteafdrenes of e leas-eHgeldvesaigeat defonatipr with emission of blade

di st.ri but tial b
prgif,%pie& fu‘PIIS‘?t %Sﬁfﬁ gltach?/ %%ﬁlﬁlangcg\lggr gggnfﬁg a(negl e of
th :
; ote T o % hgw(a)frbl g{%%? 70?@% flllﬁﬁ?aﬁesq 9n aelfé‘f’ﬁﬁLvebég(pé)rgach according to

one or nore

whiAU sihEfe d:&ively! formbd bladelreribhaet ddbfixed Optding angtbs can still
ot her enbodi nents of the present invention, the

bev aised s adaagesanlalmda efifect, npmeméarly ynd@@om@eqf a roll-stabilized

t oget h Speci fical. I acco di ng cert in.
fuselBeer o dhEnEHRIReT SHEVGY Peffo.pr BSbrh | i configured for

SR DR ST, AR o, o
de%;?o%@e@tqgéél%ﬁﬂ?ieﬁﬁﬂg 4 SRep(- Qﬂﬂ@dé’ploji&i ﬁ@élﬁdn Ctlyﬁfcﬂﬂy at an angle

whi ch has the best chances of defeating the tar
ofi ;1 detesnanfeti20° Detter fimard exiobftfheclage ddt Ex&stww arges 105 are
na be achi eved aut ononously he nunl |on [ o?
igped %aﬁbge?eda%%s%rswglyppemaré}yahrm cxplasiyey, formed blade

Do T e AL LT U R B9 s

a ?tdt iPodtd 9(')*‘360' tﬁ@ aQfs SefukaiaBe AAHRELS agSinMHe B”lﬁde gl‘Q]CCtllCS are
rtfcularly valuable to prevent interf@érence of

erhiged- &if feddirectionhaogespladet omah i the \tertgh eofi Slsé caxpdxfswely -formed-
bl ade projectiles fromthe better-placed charges
proiachilechaege tandrihg axisy of t thies fuselage; ripallyap fourth charge 10c is

ofistsef iory ePARARRE bt atieciseramardattictit Bl foymed blade
pr%ﬁ&l?é afi@Rashid loiy]nQeIﬁ‘?n idn? d@ Pir? & s@f@p@bﬁaﬁddeployed position,

particu 'y Int case 0 roll-stabilized

tyf)ﬂﬁﬁ[yaeﬁean hiiglehia exeBis @ﬂmq ttirhforvab@mgis &f fisekige 14. It will be
charge 10a is configured for (%tneratl ng a single

afpoeciated- iat, eufttb@seesdmrg@ oxs! gll fdetorated) té)@erewlbpe@t sqt eof four blade
prggegqtlg%sz&ﬂpg &ng[‘rlep% %g:i]rpa )}hgtrgrg%tétﬁnérp gas ShOWIP but egcompassmg
directions perpendicularly upwards as well as slightly forwards and slightly
backwards. When deployed on a roll-stabilized platform and combined with sensors,
either onboard or remote, for sensing the position of the target rocket, it is possible to
control the roll-attitude of the platform so that the “upwards” direction is facing
towards the target rocket at or near the point of closest interception, thereby directing

all of the blade projectiles towards the target.
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10

15

of in excess of 120 to the forward axis of fusel age
14. The two charges 10b are 15 configured for
wW@emwsnsd4rng a singl e upwardl y-di rected expl osi RE/IL2007/001342
fornmed blade projectile and have a depl oynent
mechani sm defining an outward depl oyed position
t ypiTedhing rvtw & Bighde 80whilettheirventionthab beed agemphfied to this point
Here again, the bl ade Pro'ectiles,are emtted in a )
prighardytwish rafererasploasing mbfcaﬁemﬁelepakgtqr withiigstangular symmetry, it
. | osi yel y-fornmed- pr.ojectjle charge d.the axis of .
will e yoted fl ot Begmeftics, ght e furGEdgymigedy chatke illustrated
. g ting: . ] L ]
neBETFGPHSB Y BT, R O AR €GB openin
anfRBloPYhe fimdTRptions suetied irkinggla-sywanttrd anblargitayers may provide
position, typically at an angle in excess of 120 to
antddyahtageeusly axide rangé wf gdearetndal optioms| o ¢never the space around the

appreciated that, if these charges are all detonated,
¥heESesult is a set of four blade projectiles all

di rec y L aRtat.i

o e NGl KA RARR) BpiShO Bl st of e
préeht id%nfioh 38 th pattesuar dfeanit & a@hlely def@kyBiedts . such as various

When depl oyed on a roll-stabilized platform and

typasndli vehdches agamsth smospingeniskide, eketaantl projeeitotthreatopfired from a
sensing the position of the target rocket, it js ..
vapisspbplatiogns sush Aok camEd ETonagECasTiertand eliqapters. as well
ip.tgﬁﬁ t he "upwards" direction is facing towards the
as gﬂa PYocket at or near the poi nt of cl osest
i Nt §f GERHeUpprédific@RMatdiheatove Hesdiptddds At ihadbd deey to serve as
projectiles towards the target. 13 2008/ 059477 ‘
exbplds, 20@7thad 1R ofher nembodioverito afé posebR, within ¢h¢ lseope of the
i nvention has been exenplified to this point primrily
predenhinventipe as defiped imblecanpeaded plaspect il es or with
rectangul ar symmetry, it wll be noted that other
geonetries, such as the three-fold symetry charge
illustrated here, may al so be used. In fact,
particul arly when conbined with controll ed opening 5
angl es of the arns, options such as
triangul ar-symetry inplenmentati ons may provide an
advant ageously wi de range of geonetrical options to
cover the space around the fuselage. Anobngst other
applications, it should be noted that the warhead
systemof the present invention is in particular
effective to actively defend objects such as various
10 types of vehicles against incomng mssile, rocket
and projectile threats fired froma variety of
platforns such as tanks, arnored personnel carriers
and helicopters, as well as by infantry.
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It will be appreciated that the above descriptions are

intended only to serve as exanples, and that many
wormwsnsambodi nents are possible within the scoperT/of20et®1342

15 present invention as defined in the appended

claims. 14 WO 2008/ 059477 PCT/1L2007/ 001342 WHAT IS

WA ERILAMED B:war head system for a
projectile-intercepting munition, the warhead system :
congri si fy:warhpadh sysfesl dgfe 2hpreiergilenintgsgepting mpupiiong the warhead
| east one .expl osivel y-forned-projectile charge having _
SYSICTeRJRPISIAS: configured to generate at |east one

losi vel . .Qjectil ti
ubdBhnt Pl SR AR R L G 1 Bnoth said at

| eagh) oneit 1easpl i ¥ghlosivelyrBsinisdprgédtile cHasggdaving a length and
assum ng a depl oyed state wherein said |ength of said L
at | east configeredl tos pewsirgtef air least pnocuplosivele Hermed biade projectile

ol d oxpIRSSPAECPE TP REU Y GIerBEId At flasgid T50Ey Said at least one
confi gured i . .
expl oot verp Tt dBtmed BEDefHe Shares, assuming 2 deployed state wherein
sal d deplsaypnptiRiof said at leRK RheSdxptdsivélorfobdeblprdiectile charge is
projectile propagates in a direction non- coplanar

wi t h sai choneparhlteloto ssaidl axipl saidv deplofod nsatep angl essid | explosively-
charge and said axis of said fuselage. 2. A r head )
system f(fpnge%—pwjggttﬂie! é;._haﬁgeer beiggi @nﬁgﬂre{q ofC htglat, when said
warhead %gts%a@ll}g-l?é%é%&bﬁ%éc&@ch%réeuisseélquﬁatga\{ﬁ "WidP8eployed state,

axi s; an
expl osi vebyr b IosReR! fhiditdd bFad@lriﬁ'bjla%tiT@}SM}ﬂl tds€i0A Mirection non-

and confi gur&sj to generate at l'east one exp%gosn vely

formed blcagtanat oyitle tsald lerptio pefgseid reaxpboshediprfbimabdprojectile charge

perpendi cul ar to said | ength, said at |east one

expl osi veing-saist aeig of seiddeselage.char ge assuning a

depl.oyed st at erejn ai d_length.of said at |east

one %xpl |\V/%'i?‘§gm‘?j S Jis’ro jaeBE‘W‘g‘IEH%‘FZj%eH“Eg tunfifot, the warhead

- |el,.to said axis, said deployed state and

' S-"E%F’b?@@@l“%@rgm y- forned-projectile charge being

confiapur edfiseiaie hating abhedssaidl

expl osi vel y-fornmed-projectile charge is detonated in

sai dbjleplasyleastsong explosively-formed-projectile charge having a length and
configured to generate at least one explosively formed blade projectile
propagating substantially perpendicular to said length, said at least one
explosively-formed-projectile charge assuming a deployed state wherein
said length of said at least one explosively-formed-projectile charge is
non-parallel to said axis, said deployed state and said explosively-
formed-projectile charge being 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.
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sai d explosively forned bl ade projectile propagates in
a direction formng an angle of between 80 degrees
wanws8a7degrees with a forward direction of BEI/TL2007/001342
fusel age along said axis. 15 WO 2008/ 059477
PCT/ 1 L2007/ 001342 3. A warhead systemfor a
projRxcti | &-wailehdepistony foria prajectileliateseepiapdnmsiy$égnhe warhead
conprising: (a) a fuselage having an axis; (b) at
sylstea COMPBISE¥| osi vel y-f ormed- proj ectil e charges, each

havi a length .and confi.gured to generate at |east

one égpl o%gﬁgtaﬁefh&?’%arb?’&g’e projectile propagating

sub ntial I G r al.d: [ o

oxp 601 vely o RSB LT Bl ccR O RarelS (ach havin 2 length
bet ween aandtconEigusddtts pénethicCat Skhast lopegeRplosB&ly formed blade

substantially parallel wth said axis of said ) )
f usel age projectilel gubpagatingt substantiallyi pemendiduéargtan saild length, said

o par al PEIOYBRAOEITRIOICRHIF (Arabocbena: GRS pEIee metween 2
fi L act i ' : ' L
Sai d oxpl OSMGURYAPIh ABIAH I Tetith IRERLORaRtalfy bl Gith said axis

det onat i off Hid FuseIRROAMH 9H¢€@y€d state wherein said length of each of said
expl osi vel y-fornmed-projectile charges. 4. The warhead

syst em of explasiwely; foimedprojectlgcliasgemisatont parstleldnesaid axis; and

sensor deployed for sensing a position of a target.

pr oj &2t i | & detwRpHOR 8Y BAY mﬁlg@y%sf ie] @ergf?ethg ajion of a first of
to a sensed,positi-on of the targe Lect] 0 .

sel ect | Veﬂl/.d dngg}ﬂgltvglyéfogﬁlgg—&rme%?ﬁés aﬁ{oa(}ggs Witfod© detonation of a
expl osi Veéaéoﬁ@w‘%&karyx%l@s%wffpﬁﬁ?a-@%@ew@ct@&%es.

depl oyed to formsaid explosively forned bl ade

proj4cti | Ehemarheat sygerhovfacldim s} filrthen sechprsaig abteast one sensor

5. A warhead systemfor a projectile-intercepting, .
deployed dor, sensingrar pesiiion ©f it targelopiyedilag saidagetgnation system being

reSI G o PP ihachitn P 1B P RIS LS spleptivsiy fespnate a subset

h ' fen t ;
L € e N R t eael RPfoyed t d
of SR TP e Bt Shal o851 @yt 10 fom s
explbsiventoanky bialepaojbicald ptfolphgatﬁ@g tbwardgthid seasetl position.
expl osi vel y-fornmed-projectile charges bei ng depl oyabl e
bet ween aA wadwad systare fon avprejpctilgiiatdreenjintg musdtion, the warhead
substantially parallel with said axis
system comprlslng

(a)  afuselage having an axis;

(b) at least two explosively-formed-projectile charges, each having a length
and configured to generate at least one explosively formed blade
projectile propagating substantially 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

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

said explosively-formed-projectile charges to a deployed position at a
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of said fusel age and a depl oyed state wherein said

| ength of each of said explosively-forned-projectile
web@sges7i s non-parallel to said axis; and (c)P@I/IL2007/001342

depl oynent nechani sm configured to all ow depl oynent of

a first of said explosively-forned-projectile charges

to a depl figechnpds irtlative ab said 1&xiVNARDABHRSAEAT of a second of said

PCT/1L2007/ 001342 first angle relative to said axis,

and depl osxpdesively-farmedangjestileseharges to a deployed position at a second

expl osi vel y-fornmed-projectile charges .to epl oyed .
posi tion aa‘{gl%\ rg@EHﬁg‘) SJ&HE &S, & ?% nfioanﬁier %eﬁsgi éﬁ‘?erent from said
sai d seco l.e being different fromsaid first

angl e. 6.ﬁ$ﬁgﬁ%§fhead systemof claim5, further

conpg.i Si NPh@twadrhesd spemseNsim Slefurye dofriprishgnat fisbione sensor
position of a target projectile, said depl oynent

depdoyrahifomsenséngig pesitionsifve targed pejestite, poyd tdeplpysient mechanism
t.he target proj ecti(ge t.a sel ect an opening angle for .
being resRonstyRdo st seagediPeiBrB At vhe {aresl b@%l?fb}%%#%an opening angle

ch es. 7, . h 2 -
f°|5 ngiegjéf?rlleegf ??P@’?%Bg’? ﬂ'r? ?ﬁ%%lmt(lf_gﬁoj Q%thlg c\l/\ll?aI &8ad s ystem
conpyi si ng: whhead §y488ha@e pvéjestiRNinfrbEptind thuriioRt the warhead
| east one expl osi vély-fornmed-projectile charge having
syatdnelegiipraingz: configured to generate at |east two
expl osively formed bl ade projectiles propagating
substant | afesglagerpaing aupms; 8 sai d 1 ength, said at

| | gsi vel y-f - jectil. .
asecivng & a5t Byt ety BTHErBrRAEHI EhER Tyving aloneth and
at | east ?(gfﬁffg% § i%%ﬁ&ﬂéttf af e Rﬁ@jeﬁﬁﬁsi\%lfv%'iﬂ&i Fﬁide projectiles

non- par al sal d axis. 8. The warhead system o

claiml, plopagitingschstatiallyepaipeadicalay-tbaranddength, said at least one
projectile charge is operative, when detonated, to .
ent bet wexplosivelyafpameisprofectilg gharge ageuiping @ deployed state wherein

propagatin ubst anti al,l erpendi cul ar to.sai .. .

| engt h. 9?3961’?18“%5%&%‘;%‘15%5‘?%% Yi© & Pf‘r‘mvigy'f‘?ﬂ‘le%él’mlec“le charge is

conpri sing.a nglplte m i ncluding: a detonation

subsyst emg?rgp ét g%a%@%ékgéi d at | east one

expl @si veTle firhestt systanestt ¢lain dhavlgaeinagathasaié esplosively-formed-

configured for sensing a location of the warhead . .
psysttdenchargdeatsi operatve, whegaleforsgedl toovmitdretwgen dwio and six of said

bei ng .confi gured t.o detonate said at. | east a
bladp paajpgiéley Prepagating rsaf)%eleﬁlfﬁév em’fﬂ@@wpﬁﬂf Iosifldsned

Wt h9.sa| QThQ GRirh@Rd system of claim 1, further comprising a control system
including: a detonation subsystem for detonating said at least one explosively-formed-
projectile charge; and a sensor configured for sensing a location of the warhead system
relative to a target, said control system being configured to detonate said at least one
explosively-formed-projectile charge in accordance with said location.

10.  The warhead system of claim 9, wherein said control system is further

configured to derive a velocity of the warhead system relative to said target, the

mechanism being operative to detonate said at least one explosively-formed-projectile

charge in accordance with both said location and said velocity.
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10. The warhead system of claim9, wherein said
control systemis further configured to derive a
wo 20080544y7 of t he war head systemrel ative to saPcI/IL2007/001342
target, the nechanism being operative to detonate
said at | east one explosively-fornmed-projectile
charpe i riTlee oaritkmdcsysvérh fofbdaim daivhereinatachrsaah dxplasvely-formed-
velocity. 17 WD 2008/ 059477 PCT/|L2007/001342 11. The
pr«m!é%@h@ggﬂ%mngﬁdbﬂaétaﬁhq tonprael dpsel %Fch sai d

o Pl SRR uBIGh BT bt e el 9T pigpivly-formed-
ie%'u‘i% éhz}rg@?iﬁgfalféﬁﬁb&ﬂ' td s%iiphﬁéla I y-for med-

o] ect ge 1s rigidy attached to said

f uselage. AlBethddiirhdefehting deftaat-rageaswufvettoranfiee projectile, the
surface-to-surface projectile, the nethod conprising
metheodstompprising thegtepsefnating a trajectory of the

tile f |
rrk @on St 68 B BRI as 0o
oo o AR bldf1d DEICERARL PR nCdh IhEdBLPiAL Night path so

eng romt rojectile,

proj ecti |2§3 ﬁﬁfb[*i)ﬁgnﬂleapiﬂ@@éd’tﬁ@dn&)/é‘dpﬁmﬂg trﬁmititdi Rdtlin an engagement
charge; and (c) detonating said charge so as to defeat

t he proj edisiabeg vaHrtélenpwadll@hﬁlegprQJ@Ctdﬁ carrying a warhead system
expl osi vel y- forned ile charge having a |l ength
and conf‘unﬁmdé‘égﬁﬁ e at |east one expl osively

ber i oA i) ahﬁgﬁg BRI Ry R BRGRHER Y
whdreiRg7detiar g@h@l X ekp16tivelyy firaiedBstopictile hhtge hzﬁhﬁggﬁlength and

is configured to generate at | east two expl osively
cdndigueed li6 grbnemto|jat deast eonepexplagiaelyn forsndsk bladei priojactile propagating
perpendi cul ar to said |ength. 15. The nmethod of claim

mtmﬂyaemmwlﬁmuw%wngﬂu udes a fusel age having

_ :Qpla Veﬂ;df%? B{: o?aé‘é‘} llle R%reb% sa d S loswely—formed-projectile

c %]l; %’e& F& ith e?ﬁesz?c' ﬁaakte@@'bhe)@ﬁloﬁ%@ formed blade projectile
ex 03|ve -formed=projectile charge is non-parallel

priopagatirth albsmntﬁﬁy(j)efi&ﬁidwﬂdr it safié lenpth.sai d

epr03|veTK fornmed-projectile charge belng confi gured
suchl¥.hat Theweethedi of & di vémﬁfﬁlélr pid- puajtien ip@udes a fuselage

61 iy B L g s
degﬂ%fOSI talc 38%@%@ dﬁg@gfrgﬁlh?is§%1ﬁa‘lr:)§3]8§10e87ffo?ﬁ‘feg-projectile charge is
non-parallel to said axis, said deployed state and said explosively-formed-projectile
charge being configured such that, when said explosively-formed-projectile charge is
detonated in said deployed state, said explosively formed blade projectile propagates in
a direction non-coplanar with said length of said explosively-formed-projectile charge
and said axis bf said fuselage.

16. The method of claim 11, wherein said munition includes a fuselage
having an axis, and wherein said explosively-formed-projectile charge assumes a

deployed state in which said length of said explosively-formed-projectile charge is

non-parallel to said axis, said deployed state and said explosively-formed-projectile
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and said axis of said fuselage. 16. The net hod of

claim1l, wherein said nunition includes a fusel age
whawssp4an axi s, and wherein said PCT/IL2007/001342

expl osi vel y-formed-projectile charge assunes a

depl oyed state in which said |length of said o .
chexgd beingetonfigured dueh thascwiben seitheyplopiyelynbyrmssk-prdjegtile charge is

to said axis ai d depl oyed state, apd sai . .
desomied i g Gep e it L exsloeblimeddtiadompisesle propagates in

_ . 4 ) . _

o QR RO B ), e ORELUAE ] DBt a orvara
digeinaifadid fusshige ey aiedxit ate, said expl osively

formed bl ade projectile propagates in a direction

formMhg dbhengtlodbf tleimddn verelogaskbwarhead sgetede grodedes at least a

with a forward irection of said.fusel age alo sai d .
figgkiand 3 mecand eefef%\tﬁﬁ.‘éffoen Rrojsctilnehases, and MhePieseid warhead

system i ngl ud t_heas -fir c . .
813h o GBS (Boall 8 Sl BplapBlion DESTRRY of s, guplosively-
fo eHﬁﬁGjecﬁYéél%Hgb? it AefRAtibR oF d SWona! sIcdaid xplosively-formed-

etonation of a“first of said explosively-
profgatitelelparggect i | e charges wi thout detonation of a
second of said explosively-formed-, projectile charggs.
18. lhe nbheigaetbpdcohaickaion | lwwdicsein safdamygiian spcludes a fuselage

T A R T oS g ntm
déj@%ﬁ%ﬂl%&l@%ﬁ&ﬂ%ﬁ@%ﬁéﬂ tcgb.'{l&Q defecivk Qi@!})ﬁﬁhﬁéﬁt' ofSsaid explosively-

oynent sai osively- fornmed-projectile
fozhrdgsrojeetite dhptgey &y apdeployeah pakitomc bt ebcla ofl airpdiisaliyy of different
of different angles relative to said axis, the nethaod

arfgles rcéa_tti‘(mtppmiéiap@s, dhe meshod @@l@ﬁr@qg@pﬁ&igg@ﬁtivating said deployment
gSATORT PB15 P G RIS T B e BLIoR Vo el pisiectl bpssggfor directing said
e,égbavelg?%ﬂéqgﬂae JrojdiBtk Rvadls Rhdfddile towards the

0] ecti
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