; e3ek” +k] &&' (j ) *6* T+ARA AN ARMOR Pl ERCI NG PRQJECTI LE s The present
invention relates to a nethod anﬁ\“\mwmmﬂmm“&or penetrating arﬂoﬂmj, 0%’ e
particularly, to an arnor pierci . The use of arno oztect
_a conbat ' i de spread on the nodewdrbattle field. An fRissooI tI € -
field veﬂY%P‘gs‘s%ch as atank, is not only heavily arnmed, its arnor
protects the vehicle's crew fromexposure to eneny forces. ~ o Such arnored

vehi cl es pose a high degree of threat to any attacking force. Furthernore,
an active protection is often used by arnored vehicles to provide further

protection. Nanely, shie I bW ves and a conbi nation
t hereof are placed on an@mgmfg@%?ﬁ%emm, such that a
substantially equal and opposite force is applied agai nst an inpacting
projectile, is thus reducing the penetrative capability of t ' '
projectile. A defending force, protecting itself with conven[’“ﬂwmwﬂmm"mmml
ballistic FANDBACK P TRt | W%Eans of sight's ‘nounted on
the barrelof a gun. SimlarTy, mssilTes and ot her snall projectllfﬁégﬁ are
designed to be fired at .the attacking target. jle variqus attenpts have
boon ade o i BESSY UERHGR BRIED fo 8 FR0d A0 ARRAIFIE 0 PROTATNG { ho
defending force to fire their weapons while keeping a safe distance from

t he t ar getaymek bnd omond paticulaelyptoogreatmobrepierodeg projéctile. t arget with
insufficient velocity to penetrate a vehicle's protective arnor. Drag

caused by air rgsl | U e | 5 2003 WO
001 58684 PCTI | @@1@%@@%@%‘%@@2‘ Eﬁb%'?ﬁ%ié {Ng& Iée{’ﬁrgéj%‘cﬁ\"l @gb@“hit t he
arnored vehicle with a velocity sufficient for the projectile to penetrate
(the tar getattiefinlh  Anrpemesed haftls dield vehick suclk ps adanlksois ot opbeheavilyt he
target or wait for the amnored vehicle to nove closer to them The

reduct i on agied] SitsaefAdr BAotEEs thé Rehidtd'e BEiw Frdm ekPosute fohéndmyifbreeki N9
arnored vehicle, exposes the defending force to an ever increasing danger.

Some baftl ehicl es ane S0 _heavi ar,nor ed hat, 1 heir npyr otects the
vehi cl e}°s évx?tl“??f aYFHIGIES, Apse @ b?%’sgeg%xqfnh‘ at %’b?@% ag{a]c.g‘n,gp 8%r n
battle field vehicles often have reactive arnor. Even if the nodern arnored
vehi cl e t Funthcempre,an antivegiotection as pften ased by armored vebiclasctoyprbividee’ s
surface with sufficient ability to penetrate its arnor, the reactive arnor,

once trigggfRer protettion. [ Namely) Shieldse donbBfihing SVAEHY explddiveiat iaRd any
serious danmage to the vehicle. Defending ground forces experience simlar

probl ens when.encoupt eri armoned helicopters. and.gther arnope round
Bt tack ai pormsatit MeRb e BRI F serB Suffadl B e fmdt FRef e
protect thensel ves against attack. Arnored installations often house
command asubstantiaily equaland opposite force is applied against an impacting projectile,

15 thus reducing the penetrative capability of the impacting projectile.

( A defending force, protecting itself with conventional ballistic
projectiles, aim such projectiles by means of sights mounted on the barrel of a
gun. Similarly, missiles and other small projectiles are designed to be fired at
the attacking target. While various attempts have been made to 'provide

20 accurate projectiles and missilgs, enabling the defending force to fire their
weapons while keeping a safe distance from the target, all too often the
projectiles reach their target with insufficient velocity to penetrate a vehicle's

protective armor. Drag caused by air resistance rapidly reduces the velocity of



.In order to neutralize such a threat, an attacking aircraft

—

operating surface to air installations hostile to aircraft HKlyi head.

Z%uﬂﬂ‘h%ﬁil t her
free falling ordnance or mssiles at the target, only to 9Y/Bd121 he sanme
pr obl ew@o¥#8$8by 20 the tank. Indeed, 'air-strikes' are designed to assist

" a defending force often prove to be ineffectual against an arnored vehicle.

The crui se speed of air to surface arns being too | ow to provide sufficient
force to pprojectiee In ardenfir spmjentile to hit-the armorabvekicke-withm JelvcRP03
rcrnbnooi zi There is thus a widely recognized need for, and it would be
highly a . e b ' | Lts
t ar get a'(tjs Y‘g@%@ﬁ ?g?‘f%‘tﬁc?/%f%@?@ n m?%p??%@cﬁ%‘rl{ns,thgg}efégqﬁ?%ﬁ&%I ocity
arnor piercing shell. s SUMWARY OF THE | NVENTI ON According to the present ™
i nvent i ormusiegitharanpye glaset to the tirgeston wait for the panatpdavelyele tphmope oj ecti | e

i ncl udes an accel eration rocket nmotor, for f driving the projectile froma.

crui se vellasdrity thema TheneHusidPof URtaies, Hetdebithé U@f&ldi’n%) fo¥ce @hd!tRe 2@ has
been | aunched. The penetration velocity is reached when the projectile

i npacts with,its tarqget. ,THe projectjle, i.ncl.ud a cruising.rocket notor to
mai nt ai f & %Pﬁﬁ?‘%ﬁe"%‘"ﬁﬁu i%B&?él%Eﬁ"&“‘i&B@ﬁﬁ%ﬁ’ 8 e&ﬁg H53PSent of
the present invention, the projectile is a mssile. is According to another
enbodi nendanger.t he present invention, the projectile is a shell. Preferably
the shell is launched froma tank. According to a preferred enbodi nent of

t he present i [ ' e, [ i ercing
rod seated w tr%?tﬁk'ltb aglcp%%}?g%% ?fcﬁ&* %J’F“PVH&%% g'éd’aﬁri #D@g%é@%g@{sﬁgh ?o still
further features in the described preferred _enbodi ments, the projectile

further iveielglsscraw frems ancattack atrtlesenpreximity: o Worse s8ill, rpodern deattle
Preferably the counterneasure includes an advance _3 WO 00158684 2 5 JUN

2003 PCT/fi¢laVehidiad ofte] el feactivesaeict! cBvet ifhthehfodeni asidred vehivle
neutralizing a target's reactive arnor. In one enbodi nent, the advance

PL?{ ﬁgf)b !\ﬁgﬁieat gbseb A lc?c%d bAng %;o%ie&%ettﬁateﬂ?gttﬂg rveﬁlrgfg isgﬁgct:e v»:[iﬁxesﬁﬁgie%g tile
ability to penetrate its armor, the reactive armor, once triggered, reduces the
projectile kinetic energy, preventing any serious damage to the vehicle.

Defending ground forces experience similar problems when

encountering armored helicopters and other armored ground attack aircraft.

15 Ground installations are often similarly hardened to protect themselves

( against attack. Armored installations often house command and control centers

operating surface to air installations hostile to aircraft flying overhead. In order
to neutralize such a threat, an attacking aircraft launches either free falling
ordnance or missiles at the target, only to discover the same problem posed by
20 the tank. Indeed, ‘air-strikes' are designed to assist a defending force often
prove to be ineffectual against an armored vehicle. The cruise speed of air to
surface arms being too low to provide sufficient force to penetrate a target's

armor.



_present invention successfully addresses the shortcom ngs of

—

el ectronic systemto alter the projectile's trajectory during fligh s The
ZgﬁhdU r éfBnt 1y

known configurations by providing a |ong range projectil eptfftooaidistri ke

its tarYO0038684 sufficiently high speed to penetrate arnor. f The present

- invention discloses a novel nethod for piercing arnor. The nethod i ncl udes

the steps of l'g'lhanh'i ngﬁg proljdglcti |l e at S tgq[’g%t; i ncreasin b;hgigll)i)
projectile' s vbracisy agvidelyr eezopnuzed unt er, padeit wo e Yy and
striking the target with the projectile at the penetrating velocity.
Accor di ngydyanfieordBdhaBa! aClordg) faie® LW qfhd GpabRe i@eidgg bpcl udes
the step of tr%n?n?ai ni ng th’eacr(ﬂ%{'ea’%l 3’?% lof t he ’g’?’gj ect“igFe gf/{ thﬂe Ccruise
notor to reduce deflection, of the pr j?ct'le gi/ side wind, prior.,tois
i ncr easi rRENEHALNE Vsiagity aad mema&ifé@%ri Yelor figh Wﬁlg’&&tb’ PR RigEcing,
vel ocity. According to one enbodi nent of the present invention, the nethod
i ncl udes ghelletrating a target's arnor with a portion of the projectile,
such as by an arnor piercing rod seated in the projectile. According to
anot her _enbodi nent of the present invention, the nethod 2o further includes
enpl oyi ﬁg count ermeasures against a reacting target prior to the projectile
striking the target. -4 25 JUN 2UU~ WO 00E58684 PCTI 1 L99100121 BRI EF
DESCRI PTI 2NMMARN ORANBENVENRIIONenti on is herein described, by way of
exanple only, with reference to the acconpanying drawing in which sinmlar
Wherein: 5 i our SrGE (9ARE pERRL N IO Miert Ts OV E Jofbotify o=
accordi ng .to,one enbodipyent aqf {t.he, ent invention wherein the projectile
s a shel PETcig AEOr. b The Brojeesile ioEhudes an acERIEFAUOR: rorked TAtoS fohe
projectile of Fig. 1 a; Figure Ic is a schematic diagramof a shell
accor di ngdrivingrthe priyedtileefront a codis¢ welopitgterd pemeteatiorowelptitpafieo theaunch;
Figure 2 is a schematic diagramof a shell according to a further
enbodi : § hayeant | j ' 3 ' j of a
shel | ggﬁ’S%é‘ig?égr%éﬁgt“?% one gﬁ%fﬁnﬁéﬁogfdﬁ%‘gl};?ﬁgen b‘?rﬁ'}en ?ge;\n 15
Figure 4 is ,a schematic diagramof a mssile according to an alternative
enbodi merRrojfcti %m&%mﬁw iy dargctn The; Rjolestide jiclydes e pRHFBEFOgEPam of a
m ssil e depl oyed according to anot her enbodi nent of the present invention.
motor to maintain the projectile’s cruise velocity.

According to one embodiment of the present invention, the projectile is a
missile.

15 According to another embodiment of the present invention, the projectile

( is a shell. Preferably the shell is launched from a tank.

According to a preferred embodiment of the present invention, the
projectile further includes an armor piercing rod seated within the projectile for
piercing armor.

20 According to still further features in the described preferred
embodiments, the projectile further includes at least one countermeasure to a

reacting target. Preferably the countermeasure includes an advance



20 DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present invention relates to
-a projectile that inpacts upon its target at a penetrating v BCUUN. 2003
velocity of the projectile is nmaintained by a cruise rock { a

_crui se WOOY586§4 t he speed of the projectile is then -5 eﬁgﬁry%@? ,'s 00~
WO 001 58684 PCTI 1 L99100121 i ncreased by an accel eration rocket notor to a
sui tabl e penetrating velocity shortly before inpacting upon its target.

Speci f i calprgjectilec agroeiated witl ethe i projectile, bfor usadralizing @v tatgetis reactive
piercing shell or mssile. For the purposes of the present description and
appended Calrl?\hﬁsln ﬁeﬁ:ﬂﬁ%h{&ﬂtﬂga}iﬂlﬁﬁyﬁjebﬂﬁlingfullé?.y way of exanple only
a velocity at allows a projectile, uporm Inpacting a target, to penetrate
the target. An accel eration rocket tor includes, but i,s not.limted to, a°
rocket propel | @COTdingt t%ﬁ@ﬁtheéjrﬁm'é‘l%?micﬁbr@ﬁsﬂ@ﬁwe sé@@\?fo‘f‘c’éldﬁ Aectil e

to a penetrating velocity. A cruise rocket notor includes, but is not
limted tQlatRniPsystéilto altepthe/iofectil’y trgjéctorpdntiag fight. cr ui se vel ocity of
a projectile in flight, while a cruise velocity includes, but is not

limted to, subgtantially any. velocit i i _Nfal he proj ile's
it ol 1 aunch e BrsseotfARtioh @bkistnliy addtsrRis i orckipiied SEHe.
circunstances, a rocket notor can consist only of a rocket t 5 propellant.
The pri ncipresentiyrkhaye canfignrationa by pioviding @ gmgoraﬁgngmoquﬂie thatecannt

i nvention may be better understood with reference to the drawi ngs and the

acconpany gy IS Gk Bl & butRBicHY Bigh GeNWpbhbde aindp! ngs, Figures 1 a-1 c

illustrate a s construc a g to one enbodi nent of the

present invention. In this embodjnent, shell 100 y, . by, way of anpl e
(only) be | aunc ¢ pregeRtanyention,disgloges s pvelime Bdr}%& piercing %%0%@84
rcrn~. 99~o0i 21 Shell 100 includes an accel eration propellant 106 annul arly
concent ri gnéthod ifclhides the steps |ofrlhuridchingiacprojectileat artarget; igreasing the.

Accel eration propellant 106 contained within an inner housing 108

10 projectile’s velocity so as to reach a suitable penetration velocity and striking

the target with the projectile at the penetrating velocity.

According to one embodiment of the present invention, the method
includes the step of maintaining the cruise velocity of the projectile by the
cruise motor to reduce deflection of the projectile by side wind, prior to

15 -increasing the velocity of the projectile to its impact penetration velocity.

( According to one embodiment of the present invention, the method
includes penetrating a target's armor with a portion of the projectile, such as by
an armor piercing rod seated in the projectile.

According to another embodiment of the present invention, the method

20 further includes employing countermeasures against a reacting target prior to

the projectile striking the target.



defines an accel eration rocket notor 109. Mdtor 109 provides ?ﬁiﬁmg@pyst
s inmpulse to shell 100. Propellant |06 can be ignited at a | ate

stage of shell 100 and prior to shell 100 inpacting its tage@froobgizPr der
for maxiWBOP3R4| erati on be achi eved, from propellant 106, in a short
anount of tine, it is preferable for propellant 106 to be quick burning. At
| east one nozzle 102 is |ocated at one end of shell 100. Nozzle 102 ~o
al | ows hoBRIEFHDESERIRTION€ R oRA WINGDe burni ng of propellant 106 to
escape. Preferably, nozzle 1 OZ is enclosed w thin a nozzle housing 110.
Armor pi er ci ngThedinkeftibA ?se%?éin'dbs@riﬁécﬁeﬁg (At of NMMpIE SRS Witk ong the
vertical axis of mssile 100. Rod 104 1s preferably Iongl,) narrow and
sharply shaped to cgncentrate, ,upgn inpacting _a farget,.a penetrating force
wi t hi n” asTRIeEngRP) namwr&%%ns.lm&@%élmﬁy Feferrnge HWBbETE vari ety
of materials including, but not limted to: high strength steel, tungsten
al | oys, ahdvé been used thitngfhonatd desigiiaed $indilfe paas, whetdin: pl i city of
stabilizers 114, as shown in Figure 1. Stabilizers |14 increase the

aerodynam c staghj] Lt f L [ flpght. .Stabilizers 114

pref er agl y depPgé/‘Jr nl)céeﬁs épﬁé+6%9%§ggﬁ8§ﬂ°’§8klga?ﬁ?é%c ?a}i§°'i%|“?%§% PBF ed,
shell 100 further includes a propellant 116, located within a second

housi ng | embadimentrafithe present nventien wherein theprojedile iseshdl; defi ni ng WD
00158684 2 5 JUN 2~~3 PG'TI1L99100121 a cruising rocket notor 117. Motor
117 provi des spphire 180i3 Efos3Bedtithdl Schematic cﬁa%ﬁh%fﬁﬁ'ﬁi’oj&ﬂ% 8fiFl i on of
time. Propellant” 116 can be ignited either at The | aunch of m ssile, or
preferably at a latter point in the mssiles flight, once shell 100 has
(reached i & cruise velocity. Preferably, propellant 116 is slow burning. s
Sl ow burning propellants usually provide a | ow anmount of thrust sufficient
to mai ntai n shEiguré 0 isia schematicidmgrane bbaishyl] accondimsiongne dmbodingat of shel |
100. It is a particular feature of the present invention that cruise notor

117 whilloef)pm' bt Mvditon 5tictabi¥ukh: shell 100 increases accuracy of -shell
100 over larger ranges by nimzing the influence of deflecting vectors

such as cross nds. ., As sho in Figure 1 ¢) she]l 100,.is coupled by seal
112 to a cartrﬂ%’écl%z‘scﬁrﬁcggmaﬂﬁ é%gg‘é‘ﬂh&fpﬁr jagperding,tosy, €End a

primer 126. Prinmer 126, by way of exanple only, can be initiated by

per cussi oembodmhenttafithe present mventidiper at i on of the missile according to the
present invention is as follows: Shell 100 is fired fromthe gun of a tank,
as illustratedgj i F@g@ } I ired by an
artillery gun g%“ gi’ﬁl%{ ﬁes’égfl?]gg‘t:@éé 0 a‘t’af %?ngt&%ﬁ@eﬁfg‘?cgggﬁégé p{"?érrer | 26
causes | aung ropellant, contained in cartridge 122 to burn, resulting in
a sudden F%g’PQ&é’éRiqg RECSSERUINVENUGMS| | 100. The force of the pressure in
gun 338 carries 100 out of gun 338 at a nuzzle velocity . This expl osion

al so ignites cFiguse 40sapsdhearatic difgraim ofla enidsile acdording tocan alternative

{ embodiment of the present invention;
Figure 5 is a schematic diagram of a missile deployed according to

another embodiment of the present invention.

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a projectile that impacts upon its target
at a penetrating velocity. The velocity of the projectile is maintained by a

cruise rocket motor at a cruise velocity, the speed of the projectile is then

.5-



zo rocket notor 117. The inpul se created by notor 117 maintains shell 100
at a cruise velocity, while stabilizers 114 naintain the stab@19 ty/ibf208hel |
100. Pri ell 100 inpacting upon an arnored target, | i upon
.arnor ed ‘%P{‘j&f‘ﬁgm of Figure 3, acceleration propellant | O@ﬁ‘(bg}g%f eration
g "y r'....~1 ai~WL~~Z WD 00/58684 , PCTIB.99/00 ZlI rocket notor 109
is ignited. Propellant 106 may be ignited in any conventional manner,

i ncl udi nginbteasetb byl amiaceeletation cgukiet amétol 16 D snitable péretvamingt helovisy housi ng
108. Alternatively, propellant 106 can either be ignited, at a tine pre-set

by the we : ¢ r [Ras| . dins
the. front ASL REREE Hyphctind uipd il Riect | SPRCTARIE! o} biesBRLRenliBETh

| aunched. Mdtor 109 jncreases the velocity of notor 100 to its penetration "
vel oci t y, be useddpyprevide|anaymos @iercingoshel ortmisgde.t ar get 340 of Figure 3 at
penetration velocity. The force of shell 100 together with the nonmentum of

rod 104, gai nepodid Pparpdies fof ¥ pPésehOdeddiptiol aM@ dppended ¢lpings,the ar nor
of target 340 until Pﬁe t o arm)rpofs target 340 is pel?ettrated. Ootional ly

notor 109 can he set to reac adequat e netration velocity to perforate
he t ar depenefianag JRiosi B e Biesat ey B garapis ol acYPIpEty Hasafiov
illustrations of a shell 200 constructed and operated according to a

further epiojetiibe;niponfinipactipg atarget,ito penétrata the-tasgétn t hi s enmbodi nent, a
shell 200 having a cone 240 further includes a comunication system havi ng

a receiver 230 ] r . {4 .C : 110§, 24 shel |
200. It is an %@\r)%r?? lféﬁe'%ﬁ ??gcthl{eg n&%%? i%@ﬁg%sﬁé\dt{yﬁa@&méﬂggeﬁ’ '?as p%ég{gr" ator is
provided with_ an gpportunity tqQ transnmit in-flight instructions to receiver
(230 in reBjopalant; that whenygnitedh 1nergasesithe spaed offmPrpiestis te apesairatingl 20 by
transmtter 232. Optionally, receiver 230 and transmtter 232 can be

repl aced wlbéityy transceiver (not shown), thereby econom zing on

comuni cati on equi pnment space. -9 2 5 uuN 2n~~ WD 001 58684 .

PCT/1L99/ 00121, 1t wil | reciat at  a_cpnalnications t enabl es
t he opgaat or t% %%fﬁf@g‘[%ﬁwcg‘}@g’l B@O’é “%%'%Httﬁe‘% é’ﬁ‘é‘?ﬂf‘%‘?’ mh to
alter the flight path of shell 200. Shell 200 also preferably includes an
on- boar d whemtgnited, maintainsra¢iuise velecipr of 2 projeetilednflight while geruise As shown
in Figure 2, shell 200 further includes a small projectile | aunching device

234, assogdladiff intludeshBlit ig0fbt finditdd td,nSubstamshiBNGayNQelocity! wihiéh
projectile 236 at arnored targets. Device 234 fires 1 advance projectile

230 o1 el b6 e RTE ol ped Sl BB p Sl 3 O

that in certain circumstances, a rocket motor can consist only of a rocket

15 propellant.
The principles and operation of a projectile according to the present
invention may be better understood with reference to the drawings and the

accompanying description.

20 Referring now to the drawings, Figures la-lc illustrate a shell 100
constructed according to one embodiment of the present invention. In this
embodiment, shell 100 may, by way of example only, be launcﬁed from a tank

Oor a cannonm.



to enbodi ment is that advance projectile 236 triggers any reactive arnor
target 340 of Figure 3 nmay have, thereby |eaving target 340 s@bétaint‘i‘ajul\,y
unprot ected when shell 200 inpacts target 340, thus enabli a at er

- penetrat "OAOYMABh of rod 104. Operation of the enmbodi ment }%Tﬂi‘bg’[{&énz is as
follows: 15 As shown in Figure 3, shell 200 is fired, as described above,
froma tank gun 338) or fromany artillery gun, which by way of exanple
only, may incl $helld005matudes an aheslenation propellant 106 aspulasly edncentripeto 340.
.Shell 200 | eaves gun 338 at point "A" having a nuzzle velocity. At a point

"B, in t'&erﬁisb‘ﬁé%élfaﬁ|lﬂ$|an3Q9,arﬂbPPi¥réiﬂ§tm&31@4i s ignited, altering the
vel ocity of shell 200 to a cruise velocity. 20 As shell 200 nears target

340, and shell 200, reaches fnt ', propellant.l 06 iLs ignited a
sutficient di stAFELT @?n éﬁgﬁ‘maﬁ% {“Se 9@!‘8&%“”6‘?“%@& Fn%oﬂ?‘b“%a@ﬁ ered to
substantially a penetrating velocity. Preferably, propellant 106 and

pr opel | antdefines ancadcgleration reocketiasator 109. aMoter 109 prowisdes p bigh thmstned by
the - to WO 0Ws8684 ~,y~y 2~t~~ PCT/1L99/00111 operator. Prior to, and at

a short dipgipdfecto s 19m_elpro§9@m& I08CédnNBe ighiti af40lated light stagé dfS
triggered to fire projectile 236 at target 340, thus triggering any
n

reactive a r esent. Subst ial.ly shortly thereafter, .rod 104

penet r at e§i‘?ﬁel®;% p5’f°rt§ r gﬁ‘@"&ﬁ%‘ﬁ%?'ﬁb‘@wé@%’.‘g@ For maxipum; s now
made to Figure 4, which is a detailed illustration of a projectile

const ri ct agceleragion bryachieved, frora rprapé¢iant 3960 it amhortoamonnt of Gsepit is
invention. In this alternative enbodinent, the projectile is an arnor

pi ercing ?:é&ﬂmef&opro%n&itlmﬂ%e*mc@bﬁ&ﬁﬂgﬁi ng rocket notor, generally
(designated 401, in Yo axial series wth an accel eration rocket notor,

general ly desig 405 an arpor _piercin Q sanhocated in.a sl eeve
409 di sposed a|‘€€%§?‘n@f\,g?ﬁ?%3pz é&@a@ 3 g %é(i Qgéﬁggc}c?% ogﬂcgﬁgo
simlar to_arnor piercing rods 104 described in earlier enbodinents. Cruise
not or 480 allesysybek highe prassneggas prastucedtbys dre) buming cof prapellant 186u1ei ng 41 0
bet ween a nozzle housing 412 and cruising is propellant 402. Mdtor 401
provi des aRcapd) UPreferhbly, foade 102 igerviosed| witkiat Rdzzle housifgngovel ocity. As
shown, a nozzle 414, |located within housing 412, is positioned adjacent to

propel | ant 402 i i : nt 402.
Nozoie aia di r TbCREtFs BA 167 el d HEFOMRY ShbB) oRiOBRonE Tl
thus prope]ling, mssile 400 at cruise.velocity, 20 Mtor 405 js disposed
bet ween a tBoN¥FRIcA of sssikr 0. Rod T0d i, prefestd nagw 4 shasly an

accel eration propellant 406, |ocated within housing 416 and a second nozzle

housi ng 45Bxpedtd edicantate, | wrmt inpartingzy targét? @ péuatmtimgafdron withipak| ant 406
i s annul ar shaped having a channel 404. Channel -11

15 small an area as possible. Rod 104 may be made from a variety of materials

( includiﬁg, but not limited to: high strength steel, tungsten alloys, and the like.
Preferably, shell 100 has a multiplicity of stabilizers 114, as shown in
Figure 1.  Stabilizers 114 increase the aerodynamic stability of shell 100
during flight. Stabilizers 114 preferably deploy once shell 100 has been

20 launched.

As illustrated, shell 100 further includes a propellant 116, located within

a second housing 118 annularly concentric to propellant 106, thereby defining

-7-



~r WD 00J58684 PCTI|L99/00121 404 runs down the center of propellant 406.
Propel |l ant 406 burns at the center of channel 404 such that gnngh 268
beconmes a conbusti on chanber providing a |arger surface ar g%l?r g{ pel | ant
140G to bYOROSBE84y: ovi ding a | arger surface area for propeIF 26 7’?0 bur n,
a greater volune of hot gases is s produced for displacing mssile 400
forward at a substantially increased velocity than cruise velocity. In this

enbodi mend cruddifig rogke? inct6t 117, MBRHL17Hrbeided SHell 200 Btitas 4apaisd over
,md-flight by detaching nmotor 401 fromthe rest of mssile 400. It is an

advant age_ of, L.hi,s enbodi nent at_mssile 4 has,.l ess..ImRss,, bei ~ 0

di spl aced?® Bf)aégﬁléfl L‘Ei‘gW‘%’f 8&?{1’9&&)‘0 itl?ﬂt ?“A?%’ﬁeb!}ﬁna %hf"’éaﬂg@further

i ncludes an el ectronic system 426 | ocated between a gui dance system 422 and -
a sensor laach 6Emdsnile) p8prafemblicat alifter paint im the minstles flights onédshelkcei ves
target signals such as a radar signal or heat radiation emtting &orn )
targets. | it Ugis ' I Hicts ronics .
syst em 42b. E%ée/c rc?)lﬁfliclzttg sys{!g%mt%%' g?%éc@?i éﬁ#ﬂ%&???e‘géﬁ‘gﬁﬁg% sensor
428 . These signals are used to calcu] ate the position and distance of
target 533loyt bpming erepsllantsopsually proyide a dow anaeynt oftheust suticient tn i s
transmtted to gui dance system 422, l|ocated in conpartnment 424, which

det er m negmairtaintyhellr FH0SAtiAT druieelstigs incresing!i the rarfze26f S BO® UL ¢ be _
altered as described in earlier enbodinents of the present invention. It is

an advantage of .th esemt ,confiquration. that information cer.ni ng
position % ?@Pﬁﬁt‘(‘?g&lﬁ &ap&etpré% arv Q‘éﬁﬂrg’% ?‘H'ﬁ”el“&?tpf)nfﬁ(; ‘%?’&l le -12
2 ~ ~uN ~oo~ WD 00/ 58684 PGI/11L99/00121 400 not only enabl es the opti nal
(moment  t omaimainingtheotetocity afishell 490l inereasestitcutacy ofishell A9 ves larger opt i nal
nonent of |aunching of an advance neutralizing projectile 434. As descri bed
in earli ' < JHLSSH Ayl I tectile 434,
to be fir2qesy Py PianRind i3l Beftebriciecling vurh Ao 4s SRROPEL 1 e 's36
is disposed withip a devi.ce 432. vice 432 is di sposed_between sensor 428
and cortfar t mends sbawnyndigpee ﬁ‘%)(?hEDﬁnlgﬁl?r sovplad Yf%eafﬂ% taia eartidgsuch as
an attack aircraft 535, as shown in Figure 5. Alternatively mssile 400 can

be | aunchi2p éomtaining adagiohumdpbRar dnel stidvai)randOatpriier 126. Piimer 126400 coul d
be fired by a nobile platform an airborne gunship or a sea going vessel.

by way of example only, can be initiated by percussion or electrical current.

Operation of the missile according to the present invention is as follows:

Shell 100 is fired from the gun of a tank, as illustrated in Figure 3.

15 Alternatively, shell 100 can be fired by an artillery gun 338, in the direction of
a target 340. Triggered primer 126 causes launch propellant, contained in
cartridge 122 to bum,-resulting in a sudden increase in pressure in shell 100.
The force of the pressure in gun 338 carries 100 out of gun 338 at a muzzle
velocity . This explosion also ignites cruise propellant 116 (Figure 1a) of cruise

20 rocket motor 117. The impulse created by motor 117 maintains shell 100 at a

cruise velocity, while stabilizers 114 maintain the stability of shell 100.
Prior to shell 100 impacting upon an armored target, impacting upon

armored target 340 of Figure 3, acceleration propellant 106 of acceleration
-8-



Qperation of mssile 400 is as follows: As illustrated in Figure 5 mssile

400 is released fromaircraft 535 at a rel ease velocity, as PRowin B gure

—

5, froman aircraft 535 at a release t 5 velocity, SUbStag;(}?bby/MlZl
cont enpoVPEEYSAy with igniting -propellant 402 of notor 401 (H gure 4).

"Motor 401 drives missile 400 frompoint "A" (Figure 5) to a cruise velocity

. A target which can include gl%l mﬁqn()f exanple only, .a ship, a tank, an
arti| | er yrosket metor % isdgnitedHrepelantA06 may berignited imagy conventionabn an
airborne 20 gunship is identified by sensor 428 (Figure 4). Target

I nfor mati ganhé, tiﬂélﬂdﬁxré:m&tt Rfhifed RV piopRll4miO1 16 ibiening ot Wéﬁtlﬂ@@gﬂi ed

target location information to gui dance system 42Z. System 422 then

determ nes whet her t trajectory of mssile 40Q should .be altered -13 r~
~n 5. ~~~§?“5WB 33?5823 1a P@%fvi néwﬁmtzi‘? a8 1 riWPF iBRjtRds af 3 fimey; ssi | e
400 approaches target 536, the optimal distance to target 536, in relation
t o mi ssi | predsed byithe seiapons opetrator] by grsigriad gram apsrokianity 46mksorAbcdtéd in opt i nal
di stance marked "B", propellant 406 tFigure 4) is ignited, notor 401 is

det ache C A SSit ty a
penetr ag i g’gd@gﬁ%gf £ l;:/}QﬁS Al\s%d Z’% gsﬁli%%@gn{‘mrj ég rtﬁ? gr?grg%ﬁto %Imﬁt lrilp é % a‘é‘\%&% 8 )
neutralizing mssile 434 is fired at_ the target 536 prior to mssile 400
i npact i ngMateryd09 sigereasen, they ¥alocity | of mptene10@ dot ity pepetmationvelagityet 536.
M ssile 400 then strikes and penetrates the arnor of target 53d as

descri bediRRaNe endiling shall 100 k@%@kéqleﬁg%am'@eawi €€i3b§€|£@h&?aﬁcﬁ§pe(3t to

a limted nunber of enbodinents, it w be apprecrated th many

vari ations, nodifications a her .appl.i,cations of the i ntiqn y be
rade " velggity. Hhesfores ot et Gk CECRE Wit Bermomentm 0f sl N swbksl
conprising: a) a first notor for maintaining a cruise velocity of the

proj ect i | durigg thebflight ofiead: 1 04,adrivenrodotideintortieosrnamt oftatged 3H0runtit ded er at i ng
the projectile fromsaid cruise velocity to a penetration velocity, in a
final Lot 4@ et j RQJ I RS, Provi ded
as a sﬁé?ﬁn‘gj OEI}ﬁ'; pr%‘?e'gﬁéﬁg 0 b%hr%gilw&()r?{)ﬂé?g?g%% %?trt\% Irganéh arl
arnor-piercing rod situated within the projectile. 3. The projectile of
claim 2, QWRQP%%FPBWE&W%W(@@G)W ato the projectile for
penetrating a target having reactive arnor. 4. The projectile according to
clai m 3, wher eRefepéricd i pome made ad Fiasre @) wiivlaic & detadleddllusteatiig@fiaat ed with
the projectile, for neutralizing sald reactive arnor. 5. The projectile
accordin [ rej ' C ] [ ' 6. The
o of cct | el 20F"sPhirycif il bebRiega ALK B B! et Spittialopl bF e D LT
alter the trajectory of the projectile during flight of the projectile. 7.
The proj cRHepent IRVRIWIOM ng to claim 6, wherein said el ectronic systemfurther
conprises: (a) a sensor, for detecting a target; and

15 In this embodiment, a shell 200 having a cone 240 further includes a

communication system having a receiver 230 and a transmitter 232 located in
cone region 240 of shell 200. It is an advantage of this configuration that the
shell’s operator is provided with an opportunity to transmit in-flight instructions
to receiver 230 in response to received on-board flight information transmitted
20 by transmitter 232. Optionally, receiver 230 and transmitter 232 can be replaced
with a transceiver (not shown), thereby economizing on communication

equipment space.



(b) a guidance system for controlling the trajectory of the projectile. 8.
The proj ectile according to claim7, wherein said sensor |52r§§ea_]1m15300&

a radar signal. 9. The projectile accor di ng to claim?7, wherein said sensor
is respdMei0wssesH radiati on enmission of said target. 10. THETHSPBURL| e of
claim1 wherein said first notor is a rocket notor. 11. The projectile of
claim1 wherein said first notor is activated substantially at the

begi nni ng of f : i i i Jror of a
Carger, the moltol RompPeEREPURE . sofmiipatiofyattn b BGhe bitafi
providing an arnor piercing projectile-including: i. a first notor for

mai nt ai ni #Qcamatumicate \Y@ﬂb%hql{/) Qé shanld the cs]p&mtpr MShanjaitﬂ theflight pathr at i on
rocket notor activated-for accelerating said projectile fromsaid cruise
velocity bfskelp2o®tration velocity in a final stage of flight of said
projectile; b) bringing said projectile to sal d cruise velocity by a

process incl udj o] pt tile f barr el .ntaining
sai d projectil Sﬂglll 3@@”& 8{33{5@ %F’?#&?&;? a"d?“ %@?%“?épdze\‘i‘glabé‘? By of
said projectile to a penetrating velocity; and e) inpacting the target with

sai d prgj pedtedtivedevice on pargetst A siippweipBiguye 2] shelll200 faithecinofudes ai m 12,
further conprising the step of (~ penetrating armor of the target

bst ant 13. furth
conpr oi napl PRt ERncHiralaplicR 258) sssbliaic HidCn3E 260, fortitbeAne: o i or
to step (e) .Af%A{.AY+.A3. A nl.A.A! A @A A3l.A AU AhY.A h. AH. A"i @q] ?
SA2 advance neutrahzmg projectile 236 at armored targets. Device 234 fires
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5 Reference is now made to Figure 4, which is a detailed illustration of a
projectile constructed according to an alternative embodiment of the present
invention. In this alternative embodiment, the projectile is an armor piercing
missile 400.

Missile 400 has a cruising rocket motor, generally designated 401, in

10 axial series with an acceleration rocket motor, generally designated 405 and an
armor piercing rod 408, located in a sleeve 409 disposed along the vertical axis
of missile 400. Rod 408 is also similar to armor piercing rods 104 described in
earlier embodiments. Cruise motor 401 includes a cruising propellant 402,
located within a housing 410 between a nozzle housing 412 and cruising

15 propellant 402. Motor 401 provides an impulse for propelling missile 400 at a
cruising velocity. As shown, a nozzle 414, located within housing 412, is
positioned adjacent to propellant 402 to receive hot gases from the combustion
of propellant 402. Nozzle 414 directs the flow of hot gases out of acceleration
motor 401, thus propelling missile 400 at cruise velocity.

20 Motor 405 is disposed between a compartment 424 and cruise motor
401. Motor 405 includes an acceleration propellant 406, located within housing

416 and a second nozzle housing 418, including at least one nozzle 420.

Acceleration propellant 406 is annular shaped having a channel 404. Channel
-11-
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5 produced for displacing missile 400 forward at a substantially increased
velocity than cruise velocity.

In this embodiment, once motor 401 is spent, motor 401 can be
discarded in mid-flight by detaching motor 401 from the rest of missile 400. It
is an advantage of this embodiment that missile 400 has less mass being

10 displaced by acceleration velocity by motor 405.

As shown, migsile 400 further includes an electronic system 426 located
between a guidance system 422 and a sensor 428.

Sensor 428, located adjacent to a sensor dome 430, receives target
signals such as a radar signal or heat radiation emitting from targets. Received

15 target signals are then transmitted to electronics system 426. Electronics system
426 processes signals received from sensor 428 . These signals are used to
calculate the position and” distance of target 536 of Figure 5 in relation to
missile 400. This information is transmitted to guidance system 422, located in
compartment 424, which determines if the trajectory and velocity of missile

20 400 should be altered as described in earlier embodiments of the present
invention.

It is an advantage of the present configuration that information

conceming position and distance of target 536 of Figure 5 in relation to missile
-12-



59 10%& ()- @3!10%& ()- . 10%& ()-f,g 109%& ()- 25 JUN 2003
- 101) 9409 () - Y% 9% %9 % %p%%nb@ 10( ! * $10% () - 10 10

10" <Z109& ()-f. @: 109%& ()- Y, 2: 109%& . 1098 BB !
109& () V9 )- & 10t(ye)&'(§/- 10%&'(§) " 1098 (§)s)£0%& () - EEIHP’@(‘%"%‘Enbé

S 10(!1 109k ()- Y109 ()-109%& ()- f 10%& ()- sf 109%& ()-
!10%&'()-T(((6)))&*dBnb@10("I)$10%GG&() & 109%&' () - $s 109& ()- Y'f

10%& 0 10%&
@smt(y«)& ()-oT 10/& () - M&M %‘"ﬁnﬁmﬁﬁkﬁf @ %gé‘lféﬁ"?}‘%“ﬁg&?d%&ﬁ?bw& (§)

Th(T 10vbytalse Fhakle e Of)ﬁ%!%m%mlooﬂ BN otanpdypsd pestielisg ().
\...?2/1/0aB{\= 10( %@ 109%& () - y#10%& () - & 10%& ()- S
109 () - | SoojebiteRass - . F10%& () - 0v001\ 111aB{\ =
As described in earlier embodiments, missile 400 also includes small
5 projectile 434, to be fired prior to missile 400 hitting target 536, which
projectile 536 is disposed within a device 432. Device 432 is disposed between
sensor 428 and compartment 424.
Missile 400 can be launched from an aircraft such as an attack aircraft
535, as shown in Figure 5. Alternatively missile 400 can be launched from a
10 ground based platforrn. Optionally, missile 400 could be fired by a mobile
platform, an airborne gunship or a sea going vessel.
Operation of missile 400 is as follows:
As illustrated in Figure 5, missile 400 is released from aircraft 535 at a
release velocity, as shown in Figure 5, from an aircraft 535 at a release
15 velocity, substantially contemporaneously with igniting propellant 402 of motor
401 (Figure 4). Motor 401 drives missile 400 from point “A” (Figure 5) to a
cruise velocity .
A target which can include by way of example only, a ship, a tank, an
artillery station, a radar installation, any ground target, and even an airborne
20 gunship is identified by sensor 428 (Figure 4). Target information is then
transmitted to system 426 which transmits updated target location information

to guidance system 422. System 422 then determines whether the trajectory of

missile 400 should be altered.
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As described in earlier embodiments, advance neutralizing missile 434 is
fired at the target 536 prior to missile 400 impacting target 536, thus
neutralizing the reactive armor of target 536. Missilc 400 then strikes and
penetrates the armor of target 536 as described above.
10 While the invention has been described with respect to a limited number

of embodiments, it will be appreciated that many variations, modifications and

other applications of the invention may be made.
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3. The projectile of claim 2, further comprising a device coupled to the projectile for
penetrating a target having reactive armor.

4. The projectile according to claim 3, wherein said device includes an advance

projectile associated with the projectile, for neutralizing said reactive armor.
5. The projectile according to claim 4, wherein said advance projectile is a bullet.

6. The projectile according to claim 1, further comprising an electronic system to alter
the trajectory of the projectile during flight of the projectile.

7. The projectile according to claim 6, wherein said electronic system further comprises:
(a) a sensor, for detecting a target; and
(b) a guidance system, for controlling the trajectory of the projectile.

8. The projectile according to claim 7, wherein said sensor is responsive to a radar
signal.

9. The projectile according to claim 7, wherein said sensor is responsive to radiation
emission of said target.

10.  The projectile of claim 1 wherein said first motor is a rocket motor.

11.  The projectile of claim 1 wherein said first motor is activated substantially at the
beginning of flight of the projectile.

12. A method for piercing armor of a target, the method comprising the steps of:
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d) increasing said velocity of said projectile to a penetrating velocity; and
e) impacting the target with said projectile at said penetrating velocity.

13.  The method of claim 12, further comprising the step of:
(f) penetrating armor of the target substantially subsequently to step (e).

14. The method of claim 13, further comprising the step of:
(g) neutralizing reactive armor of said target prior to step (e)



