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FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to projectiles and missiles and, more
particularly, to roll-stabilized guided missiles or "smart bombs" designed

5 to reach and penetrate specific hardened targets.

For ease of presentation, the present invention is described herein
in terms of a guided missile, it being understood that the present invention
is of far broader applicability.

A typical guided mi;silg is commonly made.up of a number of

10 sections, which are housed in, o-r connected to a generally cylinéﬁi;al
housing of varying radius in the longitudinal direction. |

At the front of the missile is the guidance sec'iticm which typically
includes one or more sensors, suchas a Forward Looking Infrared (FLiR)
or video camera, and the various electronic systems which cdntrol the

15 seﬁsors, analyze and interpre.t the signals received by the sensors, and
control the flight control system which determines the trajectory and the
roll position of the missile. The guidance section may also include rrieg?s
for receiving signals from outside of the missile and may also includéé

A means for transmitting signals from thé missile. |

20 Behind the guidance section is the warhead which is typically a

hollow cylindrically shaped casing, typically made of a high strength steel.
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FI ELD AND BACKGROUND OF THE | NVENTI ON The present invention
relates to projectiles-and nissiles and, nore particularly, to
positively roII-stab|I|zed‘gu1ded nirssiles, "smart bombs" or 15 warhead
I ncl udi ng remy, af | esst éss vehi'cl es designed to reach an

penetrate spe0|§|c har dened t ar get s. For ease of gFB@EﬁP%PPon,

the present |nvent|on_Ls“gescr|bed herein 2 in terns of a guided
ot oader appl | can i ARt bébiradh, YRRRETs hINRREREA pergeped Fcfrahd
made up of a nunber of sections, mhlch are_housed in, or connected to

a general ly cyl i Rlacedhe exPIOSW%(S?@é-FS@ 1y f @@PIW&@Q&&OR} i.8e insidgi thedi nal
direction.

target, at the moment of explosion, thereby maxim.izing the effect of the
explosion on the target. Inside the hollow casing is placed the explosive
5 and the rear end of the warhead Hes the ignition fuse which is designed to
be set off at the proper moment, typically, at some pre-determined time
after the warhead encounters the target. The warhead is typically made of
three sections: (1) a front section, or nose, which is usually in the shape |
of an ogive or cone; (2) the main section which includes the explosive
10 charge and is usually cylindrical; and (3) thg aft section which seals the
explosive charge wnhm the casing and holds the fuse. |
Behind the warhegd typically lies the engine which provides thrust
to the missile. |
Housed in and connected to the housing at the rear of the missile,
15 and in some cases also in other locations along the missile housing, is the
flight control section, includiﬁg fins and foils, which are used to adjust and
stabilize the trajectory of the missile during its flight to the target and to
prevent the missile from rolling during flight.
For maximum penetration of the hardened target it is desirable to
20 have the missile impact the target directly, i.e., at a 90° to the target
surface. In most cases, however, the angle of impact is different,

sometimes significantly, from the optimal 90°.
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At the front of the mssile is the guidance section which typically

I ncl udes one or nore sensors, such as a Forward Looking Infrared (FLIR)

2 or video canera, and the various el ectronic systens which control
t he sensors, analyze and interpret the signals received by the
sensors, and WO9MT¥ntrol the flight control system which poBEHILIEPISS
determ nes the trajectory and the roBl position of the mssile. The
gui dance section may also include |5 _ neans for receiviing signals from
outsi de of the nissi |IEotapRAmplY, A significant fraction of hardened targets, such as

command bunkers, and the like, are built into the ground and have an

-outer wall which is substantially horizontal. A typical guided missﬂé

would typically impact the outer wall at an angle which, in many cases,

5 may be in the range of from about 45° to about 65°, substantially different

from the optimal angle of 90°.. The deviation of the impact from the

perpendicular greatly reduces the penetration depth of the warhead into the
target and significantly decreases the effectiveness of the explosion.

There is thus a widely recognized need for, and it would be highly

10 advantageous to have, a warhead which is configured so as to improve its

penetration when impacting the target at an angle which deviates from the

perpendicular.

SUMMARY OF THE INVENTION

According to the present invention there is provided a penetration |
15 warhead foruseina position-cbntrolled roll-stabilized missile, the warhead
having a main axis, the warhead comprising a nose section which is
asymimetric with respect to the main axis of the warhead.
Also according to the present invention, there is provided a roll-
stabilized position-controlled missile, compfising a warhead having a nose
20 section, the warhead being characterized in that the nose section is

asymmetric with respect to the axis of the wathead. . ————
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I nclude nmeans for transmtting signals fromthe mssile.
Behi nd the gui dance section is the warhead which is typically a
hol l ow cylindrically shaped casing, typically nade of a high strength

st eel . Weoined i on of a penetration warhead is to penep&dh®eRnose
hardened target 10 and place the expl osiyge charge in the appropri a?oe
position, i.e., inside the target, at the nonent of expl osion,
thereby maximi zi ng t hacefddng toffurther featuresin! prefemed Rritidliman@ebs thesi de
the hollow casing is placed the expl osive and the rear end of the

war head |ies the:jani:tio ' [ Lonegd. Lo ff. at the
proper nonent, t%@@gﬁﬁy&éﬁﬁﬁoﬁ@dﬁ’e@e@?%%umttl'i%ludi% gﬁ?éﬁq r head
encounters the target. The warhead is typically nade of t hree

sections: (1) a prajeets fecvardrsuch thatsbuwing.impacti of theumissije with & targetytheof
an ogive or cone; (2) the main section which includes the expl osive charge .
portion of the nose is the first to make  contact with the target.
5 The present invention successfully a&dresses the shortcomings of the
‘presently known configurations by providing a penetration warhead or
projectile which is shaped to include a nose section which is asymmetric
with fespect to its longitudinal axis. The warhead is intended for use in
a roll-stabiliied, position-controlled, guided missile or projectile designed
10 to penetrate a hardened concrete target or other highly resistant targets.
Roll-stabilization relates to the keeping of the angular position of the
. missile about its axis roughly constant. Position control relates to ensuring
that the missile is oriented so that the top portion is pointing up while the
bottom portion.is pointing down, i.¢., to prevent the missile from flying

15 with the wrong roll angle.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is here"m described, by way of example only, with
reference to the accompanying drawings, wherein:
FIG. 1 shows an illustrative guided missile according to the present
20 invention as it appears just prior to impact with a target;

FIG. 2 shows a warhead with a ogival nose;
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and is usually.cylindrical; and (3) the aft section which seals the
expl osi ve charge within the casing and holds the fuse. 20

Behi nd the warhead typically lies the engi ne which provides thrust to
the mssile.

Housed in and connected to housi ng at
the rear of tW2PER | e,

and in so cases also in ot hé’FTﬁB%ﬁéan ®ns

al ong the mssile housing, is-the fI1 ght control section, including

fins and foils, whicrarg ysed fo adiust:and conical nose:

FIG. 4 indicates the path of a projectile impacting a target at a very
low angle resulting in a ricochet;
FIG. 5 indicates the path of a“projectile impacting a target at a
5 larger angle than in Figure 4 resulting in a J-shaped trajectory;
FIG.. 6 indicates the path of a projectile impacting a target at 2
larger angle than in Figure 5 resulting in an attenuated J-shaped trajectory;
FIG. 7 indicates the path of a projectile impacting a target at a 90°
angle;
10 FIG. 8 schematically depicts the forces experienced by a
conventional warhead upon impact; .
FIG. 9 schematically depicts the forces experienced by a warheé.d
according to the present invention upon impact;
FIG. 10 shows a comparison between the paths taken by a
15 conventional warhead and a warhead according to the present invention
following. impact with a targe't at an angle;
FIG. 11 shows a side view of one possible nose design of a
warhead accordihg to the present invention;
FIG. 12 is a front view of the nose of Figure 11;
. 20 FIG. 13 shows a side view of a second possible nose design of a

warhead according to the present invention;

FIG. 14 is a front view of the nose of Figure 13; Th\
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stabilize the trajectory of the mssile during its flight to the target and
to 5 prevent the mssile fromrolling during flight. For
maxi mum penetration of the hardened target it is desirable to have -
the missilei target- directly, i.e., at a.90[err] to_the target
surface. In m?g/gégis, however, the angl egof i npact is diff@%ﬁ{‘?m"&‘
sonetines significantly, fromthe optiml 90. 10 For exanple, a
significant fraction grchaysigieed 4 MifPhsssile asé desig ofaG@MaPéqi‘{i&%’
and the like, are built into the ground and have angg'ut er wa i ch
is substantially haqrizontal. A typical guided mssile would typically
| npact the outer tﬁ&i‘Fpg?seQLWﬁBhéRMi ch, in many cases, nay be in the
range of from about 45[err] to about 65, substantially different from 15
the optimal angle of %¥IGeriq is a o vitw ofitheonoss of Figurerks;t from the

FIG. 17 shows a side view of a fourth possible nose design of a

5 warhead according to the present invention;
FIG. 18 is a top view of the nose of Figure 17;

FIG. 19 shows a side view of a fifth possible nose design of a

warhead according to the present invention;
FIG. 20 is a front view of the nose of Figure 19;

10 FIG. 21 shows a side view of a sixth possible nose design of a

warhead according to the present invention;

FIG. 22 is a front view of the nose of Figure 21.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present iﬁv_eﬁtion is of a penetration warhead assembled in a
15 roll-stabilized or non-rolling gl..:lidEd missile or smart bomb (herein referred .
to collectively or'singuiarly as "missile") body having a construction which
significantly improv_es the penetration of the warhead into 2 target which
is impacted at an angle which differs from the perpendicular.
The principles and operation of a warhead or missile according to
20 the present invention may. be better understood with reference to the

drawings and the accompanying déscription. Shown in Figure 1, is a
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per pendi cul ar greatly reduces the penetration depth of the warhead into the
target and significantly decreases the effectiveness of the explosion:
There is thus a widely recogni zed need for, and it would be highly

advant ageous to have, a warhead which is configured so as to inprove its

20 penetrat iVWA2UPBT? | npacting the target 7at an angl e whi ch BEVAIA6486086 r om
t he per pendi cul ar.

4
SUMARY OF THE | EeNszlmg\lsme cross-sectional view of a2 missile 10 which includes a

guidance section 12, a warhead 14 (which is described in greater detail
below), with an explosive charge 15, an engine seﬁtion 16 and 2 flight
o control section 18 and tail fins 20. -Missile 10 is shown just prior to
5 impact with a target 22, at a certain angle, «;, between the plane of the

target and the main (longitudinal) axis of missile 10.
| Presently, various warheads, bombs and projectiles are used for
penetrating anﬁored vehicles, such as tanks and thick concrete or similar
other hard or hardened targets, typically made of concrete and further

10 protected by layers of rock, soil and/or steel.

Presently _available warheads are symmetrical so that the
performance of the missile is independent of its roll angle at the moment
of impact between the missile and the target. The symmetry of the
warhead is critical in missiles, bombs, and the like, which roll during

15 flight so that it is not possible to predict the roll angle of the missile at the
instant of impact. :

Typically, the nose of a conventional warhead has either an ogival
or a conical fiont section (Figures 2 and 3, respectively), both
configurations being completely symmetrical with respect to the main axis

20 of the warhead.
The purpose of a penetration warhead is 10 penetrate as deeply as

possible into the target in order to place the explosives in the targeted
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According to the present invention there is provided a penetration

war head for use in a positively position-controlled roll-stabilized

m ssil e, t he warhead having a nain axis, the warhead conprising a
nose section veoowdysmh is asymretric with respect to the nmai npeideosost he
war head. Al so according to the&resent invention, there is
provided a roll- stabilized,positi -coptrolled nmssile, conprising a
war head havi ng aSR#§§e OF as Cloggdp; K fs P%%lﬁr h %F%‘%IP&FS%@P‘F SEghen

that the nose section is asymmetric with respect to the axis of the
war head. 10 warheafcis greathoaffectéd by ke atgletofimpact) i otherangle betoednnent s

3;]. t Ee invention described bel ow, the nose section i nql udes a ppr';]i'on
target, the & B e BRRGE GUIRSHIELy SHrBR LR B pfihe chtndhiget ° 1% 1 e
target.

Most warheads strike their target at angles which are substantially.

5 in the range of from about 45° to about 65°. At sufficiently small angles

there is a greater chance of a ricochet, i.e., the warhead is likely to fail to
penetrate the target and to bounce off the target (Figure 4).

At an impaét angle of greater than about 45°, the warhead

penetrates the target but tends to form a J-shaped path (Figures 5). The

10 diversion of the warhead from a straight ‘line path is causes by an

imbalance of forces on the nose of the warhead, as shown schematically

in Figure 8 which induces a moment tending to rotate the warhead about

its éenter of gravity in a direction away from the target. In some cases the

warhead comes to a stop with its nose pointing somewhat away from the

15 target (Figure 2). The J-shaped path implies a decreased penetration of the

warhead into the target.

At somewhat larger impact angles, milder J-shaped paths are
encountered (Figure 6).

Finally, when the missile impacts the target perpend_icularly, ie.,

| 20 at 90°, the warhead moves directly into the target and -maximum

penetration depth is achieved (Figure 7). In some cases the differences in

penetration achieved with a head-on impact (Figure 7) and angled impacts
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The present invention successfully addresses the shortcom ngs of 15 the
presently known configurations by providing a penetration warhead or
projectile which is shaped to include a nose section which is asymetric

wi th respect oi | ongi tudi nal axis. The warhead is intended for use in a
positively rol -gi‘iﬁﬁ i zed, position-contrglled, guided -nissi PETH26/00086
projectile designed to penetrate a hardened concrete target or other

hi ghl'y .resi st ant(Figfirest Sirgmt §) dould méabitld différencs Hebiveen idelivesy beapbng of

t he angul ar position of the mssile about its axis roughly constant.
Posi tion control

oo o contr 0 efeibaE Bkibes directls H3H! bF th 108 pld¥imy 35, b ihibnlbh SRS S°
‘ with a resultant highly effective explosion, and allowing the explosives to
. detonate in a location where little or no real da.mége is done to the
5 intended target.

The present invention relates to a kinetic energy penetrating
warhead which is designed to at least partly mitigate the negative effects
of an angled impact of a hardened target. A warhead according to the
present invention includes, in sharp contrast with known warheads, a front

10 section, or nose, which is asymmetric with respect to the main axis of the
warhead. A warhead according to the present invention is intended_for
use with guided missiles, p:ojecﬁle'or smart bombs which do not roll, or
are roll-stabilized, position-controlled and which are designed to penetrate
hard and high value targets. In such systems, the missile or bomb has

15 defined up and down portions and impact takes place substantially with lthe
lower portion of the system (1:-'-igure M.

As is shown schematically in Figure 9, the asymmetric
configuration of the warhead makes it possible for the warhead to dig into
the target by allowing the target counter forces to act on the warhead so

. 20 as to counter and correct the tendency of the warhead to take a J-shaped
path, as shown in Figures 8, 5 and 6. The forces acting on the nose of the

warhead thus tend to create a moment about the warhead’s center of

_—
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while the bottomportion is pointing down, i.e., to prevent the mssile

from flying wth the wong roll angle. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS

The invention is herein described,
by way of exa , Wth reference to the acconpanyy 1L, NgS,
wher ei n: %E}WWH G 1 shows an illughrative guided m SéSI é‘géa/cco{di ng
to the present 10 invention as it appears just prior to inpact with a

target; gravity which tends to direct the penetrating warhead in a direction which

is substantially toward the perpendicular, thereby increasing tﬁe warhead’s
penetration depth.

The difference in path taken by two warheads, one symmetrical and
5 the other asymmetrical, is illustrated schexﬁaﬁcally in Figure 10. Ascan
be seen, the symmetrical warhead is diverted from its intended direction
while the path of an asymmetric warhead according to the present
invention is actually corrected so as to approach the inerpendicular. The
resultant deeper penetration, and resultaﬁt enhanced explosion

10 effectiveness, can be seen in Figure 10.
Various and sundry asymmetric nose sections may be envisioned.
All of these are intended to be included within the scope of the present
invention. Illustrative of some of the various possibilities are the
configurations shown in Figures 11 to 22. The precise choice of nose
15 design and degree of asymmetry will depend on the parameters of intended
applications, perhaps-includin:g, but not limited to, the expected ﬁatu’re of
the target, the type of explosives used and the expected angle of impact.
Shown in Figures. lland 12 are a sicie and a front view of a nose
design which includes a planar surface. The planar surface takes on the

20 shape of an ellipse.

Another possible configuration is shown in Figures 13 and 14.

Here, the nose section is in the 'shape of an oblique cone, i.e., a cone

-
—_—
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FIG 2 shows a warhead with a ogival nose; FIG 3 shows a

war head with an coni cal nose; FIG 4 indicates the path of a
projectile inpacting a target at a very - | ow angle resulting in a
ricochet; 15 FIG 5 indicates the path of a projectile inpacting a
t ar get at a WO 97/0733% ger angle than in qu re 4 resulting i nP&ETILAPA9R6d
trajectory; FIG 6 indicates Ehe path of a projectile
|rrpact|ngatar t. t.a thninFi ure. 5 resulti in an
attenuated J- sh N&%’%res%'ggé?ons ' 'ec’ﬁm h of a
projectile |rrpact|ng a target at a 90[err] 20 angle FIG 8

schematical |y degspectto the mainaxis of therwadncad whereas the cone tip can be at any

designed distance from the warhead main axis.

v Shown in Figures 15 and 16 is a nose section which is

5 asymmetrically concave while the nose section in the embodiments of
Figures 17 and 13 are asymmetrically convex. Finally, shown in Figures
19and20and in Figv;lres 21 and 22 are two more conﬁéu:a.tions which are

asymmetrically concave and convex.

While the invention has been described with respect to a limited
'10 number of embodiments, it will be appreciated that many variations,

modifications and other applications of the invention may be made.

- |
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conventi onal warhead upon inpact;

6 FIG 9 schematically depicts the forces experienced by a

war head according to the present invention upon inpact;

FI G 10A shows a conparison between the paths taken by a conventi onal
war head and a MW@E&gaCCOI’dI ng to the presgnt invention 5 RGI/ILOKR0ASS

I npact with a target at an angl e; 12. FiG |1 OB_shows a conpari son

anong the paths t@gn E?% . di scl osed in GB 539699, a warhead
according to the Qg‘g%ﬁ @ﬁlsand | l I!IIIIJ mIILl "IM" "Ilsl " l!l'

1. A penetration warhead for use in a pdsition-controlled roll-

stabilized missile, the warhead having a main axis, the warhead
comprising a nose section which is asymmetric with respect to said main

-axis of the warhead.

2.  The warhead of claim 1, wherein said nose section includes

a planar configuration at its anterior end.

3, The warhead of claim 1, wherein said nose section includes

an oblique conical configuration at its anterior end.

4.  The warhead of claim 1, wherein said nose section includes

a convex configuration at its anterior end.

5. The warhead of claim 1, wherein said nose section includes

a concave configuration at its anterior end.

6. A roll-stabilized position-controlled missile, comprising a
warhead having 2 nose section, said warhead being characterized in that

said nose section is asymmetric with respect to an axis of the warhead.
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a conventional warhead follow ng inpact wi t h a tmm angl e:
FIG 11 shows a side view of one possi bl e”mm”ﬂ 10 warhead
according to the present invention; “"&ﬂ t ms a front view of

the nose of Figure 11; FIG 13 shows a sisde«Vi ew of a second
possi bl e nose mgxﬁs'raf a war head according to the preseRCT/IL96/00886 ON;
FIG 14 is a front view of the nose of FigdBe 13; 15 FIG 15 shovxs
a third possible nose de5| of, a_warhead accordijng to the present

i nventi on; &“ﬂ!@sﬂle& f clagm 6, sherein said mose seetion i - §

FIG 17 shows a side vi ew of a fourth possible nose design of a
planar configuration at its anterior end.

. §.  The missile of claim 6, wherein said nose section includes an

oblique conical configuration at its anterior end.

9. The missile of'claim 6, wherein said nose section includes a

" convex configuration at its anterior end.

10. The missile of claim 6, wherein said nose section includes a

concave configuration at its anterior end.
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war head according to the present invention; 20 FIG 18 is a top

vi ew of the nose of Figure 17; FIG 19 shows a side view of a
fifth possible nose design of a war head according to the present

i nventi on; : 7

FIG 20 is a fwo9073%w of the nose of Figure 19; PAKALIQd008d10WS
a side view of a sixth possible nose design of 1% war head according to

t he present invention; and

]
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FIG 22 is a front view of the nose of Figure 21. 5 DESCRI PTI ON

OF THE PREFERRED EMBODI MENTS The present invention is of a
penetration warhead assenbled in a 10 roll-stabilized or non-rolling
guided mssile, smart bonb or warhead i ncluding renote pilotless
vehi cl'e (herewo97@3mred to collectively or si ngul ar | y PAS/ILAG/0DE86] " )
body having a construction which significantl2/6 i mproves the
penetration of the warhead into a target which is inpacted at an
angle which differs fromthe perpendicular. 15 The principles and

operation of a warhead or mssile according to

FIG.2

FIG.3
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the present invention may be better understood with reference to the

drawi ngs and the acconpanyi ng description. Shown in Figure 1, is a .
schematic side cross-sectional view of a missile 10 which includes a

gui dance section 12, a warhead 14 (which is described in greater detail 20
bel ow), with aWOMPIBLi ve charge 15, an engi ne section 16 and BCI/riogbdoss
control section 18 and tail fins 20. Mssile 10,4, shown just prior to

8 i mpact with a target 22, at a certain e, a, between the plane
of the ‘

FIG.7

FIG.4
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target and the main (longitudinal) axis of mssilte 10.

Presently, various warheads, bonbs and projectiles are used for
penetrating arnored vehicles, such as tanks and thick concrete or simlar
5 other hard ogvgt}?r dened targets, typically nade of concrete and further

protected by |ayerd®¥®rock, soil and/or steel. Pr oboss
avai | abl e warheads are symmetrical so that the 4/6 performance of the
mssile is independent of its roll angle at the nmonment of i npact

between the mssile and the target. The symetry of the 10 warhead is
critical in mssiles, bonbs, and the Iike, which roll during flight

so that it is not possible to predict the roll angle of the mssile at the
i nstant of inpact. Typi cal ly, the nose of a conventi onal

war head has either .an ogi val

[ 3

FIG.8 FIG.9
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or a conical front section (Figures 2 and 3, respectively), both 15
configurations being conpletely symmetrical with respect to the nain axis
of "t he war head. The purpose of a penetration warhead is to
penetrate as q?e | S possible into the target in order _to place the
expl osives in ?157@/73%9& ed space, or as close to it as 5‘5’3919 4086 The
extent of penetration of the 20 warhead is§fgeatly affected by the angle
of inpact, i.e., the angle between the main axis of tjhe missile or
war head and the plane of the target.

AKX
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9 Most war heads strike their target at angles which are

substantially in the range of from about 45[err] to about 65[err]. At
sufficiently small angl es there is a greater chance of a ricochet,
i.e., the warhead is likely to fail to penetrate the target and to
bounce off thevoewasts (Figure 4). 5 At an inpact angl eCwiLsgreeasser

t the target but tendg to
di'ver si on of the war heal

t han about 45[err], the warhead pRnet r
forma J-shaped path (Figures 5). Theg
straight line path is causes by an
t he war head, as shown schenatica
nonment, M tending to rotate the
in a direction away fromthe

to a stop with its nose poip

iy,éoms fmat away fromthe

FIG.15 . FIG.17

FIG.ZO L] /

FIG.22 \ | | V2 FIG.21
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tar get The J-shaped path inplies a decreased penetration OWLMS @40000 BJ

into the target. At sonewhat | arger i npact anglwgd ’
J-shaped paths are 15 encountered (Figure 6). ' WreﬂCT w

the mssile inpacts the target perpendicularly, i.e., at t he
war head noves directly into the target amg nmaxi mum penetration

is achieved (Figure 7). In sone cases the differences |n
achi eved wi t WHARKICOAIMEBDS: (Figure.7) and angled inp m mﬂiﬁmm"fo
and 6) could nean the difference between delivery of the explco
charges directly into, or in close proxinity to, the intended area, wthH a
resultant highly effective expl osion; Hd %I | ow n% t he expl osives to.
L. A penetration warhea a position-controlled roli-stabilized
missile, the warhead having a main axis, 'the warhead comprising a nose section
which is asymmetric with respect to said main axis of the warhead, said warhead

including an explosive.

2. The warhead of claim 1, wherein said nose section includes a

planar configuration at its anterior end.

N : 3. The warhead of clalm 1, wherein sald nose section mcludes an

- oblique conical configuration at its anterior end.

4, The warhead of claim 1, wherein said nose section includes a

convex configuration at its anterior end.

5. . The warhead of claim 1, wherein said nose section includes a

concave configuration at its anterior end.

6. A roll-stablhzed posmon-controlled mlss1le comprising a generally
cylmdncal housing and a ﬂlght control system being implemented within and on
said housmg, said flight control system being for determining the trajectory and
the roll position of the missile, said housing including: | | |

(@) a guidance section being implemented on said housing for

controlling said flight c_onﬁ‘ol system; and o
| b)) a Warhead'heving a main axis and a nose section, said warhead

being characterized in that said nose section is asymmetric with

— |
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10 detonate in a location where little or no real danmm_ogrﬁltaoo 86
the I nt ended target. The present inventien to 31 19‘
ki netic energy g ' war head whi ch i s designed t[Pﬁ/ﬁSsto OCT |

partly mtlgate m"mﬂ mu!{!mmects of an angled inpact of a hardened

tar get accordi ng 9 the present invention includes,
in sharp cont rast wi th known war heads, a front section, or nose, _
‘Q’L‘Lfnf;e " fy s asymet fdGedt §6 §dPags bP dbe wiFh&hEddid Olvaliidd andlaging t he
L explosive. |
7. The missile of claim 6, wherein said nose section includes a planar

configuration at its anterior end.

8. The missile of claim 6, wherein said nose section includes an.

oblique conical configuration at its anterior end.

—~ 9.  The missile of claim 6, wherem said nose section mcludes a convex

— onﬁguratlon at its anterior end

10. The missile of claim 6, wherein said nose section includes a

concave configuration at its anterior end.

11.  The missile of clai_m 6, wherein the missile is a smart bomb.

i i e
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gel ected such that the forces acting on the nose of the warhead tend to 10
creaté a noment about the warhead's center of gravi ty whi ch tends to
~direct the penetrating warhead in a direct{on . é toward

t he perpendicul ar, thereby increasing the _ ‘ e&g _
o %@s By gt 1,1

A war head according to the present inventi
guided mssiles, projectile or smart bonbs

S

roll-stabilized, position-controlled and whi T&Orﬁ?ﬁ rate
hard and hi gh value targets. In such systeps; 4‘??3“?19 ss1 38 RF8FGs -
defined up.and down portions and inpact takes place substanti IQ Gf&
the | ower portion of the system . DAXE OF RECHIPE chehat.l.call'y |ih

Figure 9, the asymetric

5 ASYMMETRIC PENETRATION WARHEAD
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FIELD AND BACKGROUND OF THE INVENTION

The present mventlon relates to projectiles and missiles and, more

particularly, to positively iroll-stabilized guided missiles, "smart bombs" or

15  warhead including remote pilotless less vehicles designed to reach and
penetrate specific hardened targets.

For ease of presentation, the present invention is described herein
in terms of a guided missile, it being understood that the presenf invention
is of far broader applicability.

20 | A typical guided missile is comonly made up of a number of
sections, which are housed in, or connected to a generally cylindrical
housing of varying rédius in the longitudinal direction.

At the front of the missile is the guidance section which typically

includes one or more sensors, such as a Forward Looking Infrared (FLIR)



20° anfiguration of the warhead nakes it possible for the warhead to dig

i pto the target by allowing the target counter forces to act on the
war head so as to counter and correct the tendency of the warhead to
take a | -shaped path as shown in Figures 8, 5 and 6. The
farces acting on the nose of the 2nvar head thus tend to create a
nonment, M about the warhead' s center of gravity which tends to

di rect the pmneideatcéamerapmhdatiiei varooudi electronie systerns which ¢entsalbthiteant i al |y
toward the perpendicular, thereby increasing the warhead's 5 penetration
dept h. sensors, analyze and interpret the signals received by the sensors, and
control the flight control system which positively determines the trajectory
and the roll position of the missile. The guidance section may also include
5 means for receiving signals from outside of the missile and may also
include means for transmitting signals from the missile.
Behind the guidance section is the warhead which is typically a
hollow cylindrically shaped casing, typically made of a high strength steel.
The function of a penetration warhead is to penetrate a hardened target
10  and place the explosive charge in the appropriate position, i.e., inside the
target, at the moment of explosion, thereby maximizing the effect of the
explosioﬁ on the target. Inside the hollow éasing is placed the explosive
and the rear .end of the warhead lies the ignition fuse which is designed to
be set off at the proper moment, typically, at some pre-determined time
15  after the warhead encounters the target. The Warhead is typically made of
three sections: (1) a front section, or nose, which is usually in the shape of
an ogive or cone; (2) the main section which includes the explosive charge
and is usually cylindrical; and (3) the aft section which seals the explosive
charge within the casing and holds the fuse.
20 ~ Behind the warhead typically lies the engine which providgs thrust

to the missile.
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The d|fference in path taken by two warheads, one symmetrical and t he
ot her ‘asymmetrical as described, is |IIustrated schematically in Figure
10A. As can be seen, the synnetrical war head is diverted fromits

i ntended direction mhlle the path of an asymetric warhead according to 10
the present invention is actually corrécted so as to approach the

per pendi cul ar. The resultant deeper penetration, and resultant enhanced

expl osi on effectiMNgnRdSin &R cHtNtd thehhawigy hPthe rear of the nussﬁ@ymmt ry

of various proj ecti | es has been a subject of interest for a long
time. U S Pat : 3, 46 |sc ses tihles.wwth, 15 an
hymret o OGRS s#eaﬁiswaWw loB eRoE RSy HoRRighuis ther  on
of the projectiles (i.e., before inpacting a target). The projectiles

flight control sectlon including fins and foils, which are used to adjust and
stabilize the trajectory of the missile during its flight to the target and to
5  prevent the missile from rolling during flight.

For maximum penetration of the hardened target it is desirable to
have the missile impact the target directly, i.e., at a 90° to the target
surface. In most cases, however, the angle of impact is different,
sometimes significantly, from the optimal 90°.

10 For example, a significant fraction of hardened targets, such as
command bunkers, and the like, are built into the ground and have an outer
wall which is substantially horizontal. A typical guided missile would
typically impact the outer wall at an angle which, in many cases, may be
in the range of from about 45° to about 65°, substantially different from

15 the optimal angle of 90°. The deviation of the impact from the
perpendicular greatly reduces the penetration depth of the warhead into the
target and significantly decreases the effectiveness of the explosion.

There is thus a widely recognized need for, and it would be highly
advantageous to have, a warhead which is configured so as to improve its

20 penetration when impacting the target at an angle which deviates from the

perpendicular.




described by Hammer are not positively roll "stabilized and/ or poéi tion
centrol l ed. WO 82/ 03453 (PCT/ AUB2/ 00044) to Thonson di scl ose a
m ssile having a directional control device which affects the symetry of

20 its nose section during traveling (i.e., again, before inpacting a
target). Thus, both Hammer and .Tfionson di scl ose projectiles having an
obl i que conical configuration at their anterior end, which

confi gur at i SUMMARNYOF THE INVENTION 12

t heir aerodynam c progress or flight through air (or hydrodynam c

progress through mledihg (BME Hrlsent MvntoA efd i@htRided'a piitlenrafibict their

warhead for use in a positively position-controlled roll-stabilized missile,
the warhead having a main axis, the warhead comprising a nose section
S which is asymmetric with respect to the main axis of the warhead.

Als;o according to the present invention, there is provided a roll-
stabilized position-controlled missile, comprising a warhead having a -nose
section, the warhead being characterized in that the nose section is
asymmetric with respect to the axis of the warhead.

10 According to further features in preferred embodiments of the
invention described below, the nose section includes a portion which
projects forward such that during impact of the missile with a target, the
porﬁon of the nose is the first to make contact with the target.

The present invention successfully addresses the shortcomings of

15 the presently known configurations by providing a penetration warhead or
projectile which is shaped to include a nose section which is asymmetric
with respect to its longitudinal axis. The warhead is intended for use in a
positively roll-stabilized, position-controlled, guided missile or projectile
designed to penetrate a hardened concrete target or other highly resistant

20 targets. Roll-stabilization relates to the keeping of the angular position of
the missile about its axis roughly constant. Position control relates to

ensuring that the missile is oriented so that the top portion is pointing up




penetration éapabilities into a target in a manner that wll create a

mgnent about the center of gravity which directs the projectile in a
di rection which 5 is substantially toward the perpendicular during
penetration. In other words, these patents provide designs for
controlling a projectile during its 5 flight to the target, which
designs are not at all applicable for controlling the projectile's
behavi or  af t ghijk WR&Gbttdrh- 6% %ﬂﬁ'%&ﬁnﬂg%ﬂﬁﬁﬁg'@ﬁb revent the missile##bier 0T €,

t he Hanmer patent was pu ref ore, Hammer coul d not
have possib desc an active roll- stabilized position-controlled
m ssil e, ’ﬁhgfeb g Tolkangle. devel oped about 40 years later.
The first p05|t|vel y roll-stabilized position controlled mssile was

i ntroduced by the Germans during WR. These

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

FIG. 1 shows an illustrative guided missile according to the present

10 invention as it appears just pﬁor to impact with a target;

FIG. 2 shows a warhead with a ogival nose;

FIG. 3 shows a warhead with an conical nose;

FIG. 4 indicates the path of a projectile impacting a target at a very
low angle resulting in a ricochet;

15 FIG. 5 indicates the path of a projectile impacting a target at a

larger angle than in Figure 4 resulting in a J-shaped trajectory;

FIG. 6 indicates the path of a projectile impacting a target at a
- larger angle than in Figure 5 resulting in an attenuated J-shaped trajeqé:ory;
FIG. 7 indicates thé path of a projectile impacting a target at a 90°

20 angle;
FIG. 8 schematically depicts the forces experienced by a

conventional warhead upon impact;
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m SsSi I es are known as V1 and V2. 15 In fact, Hammer describes a

bl 1 et which is fired froma firearm There is a sharp distinction
bet ween a bul'l et and warhead of -a nissil €, whi ch, as opposed to a
bul let, includes explosives. Wbster's dictionary defines a war head
as. the forward section of a nmissile, bdwb, torpedo, or the Iike,
contai ning the explosive or payload. 20 Furt her concerning the

i nvention by Thongpg, 9F$bﬁé1ﬁ§t16&hﬁd§§i€€s thieeforces expbrRuesd byny SHrhea i s not
directed toward a mssile having an oblique coni cal “configuration at

nt r ol rdin
Its anterior agcr(])gdmg toqge presegt &Qeﬁt?or% ugon acﬁ&’ ding

FIG. 10A shows a comparison between the paths taken by a

conventional warhead and a warhead according to the present invention

5 following impact. with a target at an angle;

FIG. 10B shows a comparison among the paths taken by a bomb as

disclosed in GB 539699, a warhead according to the presént invention and

a conventional warhead following impact with a target at an angle;

FIG. 11 shows a side view of one possible nose design of a
10 warhead accofding to the present invention;
FIG. 12 is a front view of the nose of Figure 11;
FIG. 13 shows a side view of a second possible nose design of a
warhead according to the present invention;
FIG. 14 is a froﬂt view of the nose of Figure 13;
15 FIG. 15 shows a third possible nose design of a warhead according
to the present invénﬁon;
FIG. 16 is a top view of the nose of Figure 15;
FIG. 17 shows a side view of a fourth possible nose design of a
warhead according to the present invention;
20 FIG. 18 is a top view of the nose of Figure 17;
FIG. 19 shows a side view of a fifth possible nose design of a

warhead according to the present invention;
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tto.the missile of the present invention is effected via, for exanple, tail
fins * 20 (see Figure 1). Ot her projectiles having
asymmetri c nose sections are disclosed in U S. Pat. Nos. 4,998,994 to
Schmdt et la., 4,389,028 to Kalivretenos et 5 al., 3,869,101 to

Schnabel e et al ., 3,282,214 and 3, 401, 637 to Briscoe, and 3,949, 677
to Voss, and in FR 2673277A to Rol and, U S Pat. No. 4,085,678

to Hei ncker disc es,a. projectile ui pped. . ith a warhead having a
forward section ﬁé Zﬂlﬁgtﬁd&zé’ﬁ%ﬂfﬁ%‘ég oPwehedre 19 section has an
asymmetric rear end, whereas the aft section has an 10 asymetric front
end, such that tKéGe 2leshowna siderniewno ansikth possible nose design of a

warhead according to the present invention; and

FIG. 22 is a front view of the nose of Figure 21.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is of a penetration warhead assembled in a

10 roll-stabilized or non-rolling guided missile, smart bomb or warhead

including remote pilotless vehicle (herein referred to collectively or

singularly as "missile") body having a construction which significantly
improves the penetration of the warhead into a target which is impacted at
an angle which differs from the perpendicular.

15 The principles and operation of a warhead or missile according to
the present invention may be better understood with reference to the
drawings and the accompanying description. Shown in Figure 1, is a
schematic side cross-sectional view of a missile 10 which includes a
guidance -section 12, a warhead 14 (which is described in greater detail

20 below), with an explosive charge 15, an engine section 16 and a flight -

control section 18 and tail fins 20. Missile 10 is shown just prior to
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ancther. The forward section is used to penetrate a target, whereas the aft
section includes the explosives and is intended to follow the forward

section into the target. Thus, the warhead taught by Hei ncker
does not have a nose section 15 whichh is asynmmetric with respect to the
mai n axi s of the warhead. In ot hér words, the nose section of the

war head taught by Heincker is symetri c. This is clearly

evi dent fronmpaet Widua dargst dnphaytcertpifieingldken, between thgi plahoofrthe 20
Therefore, such a warhead would suffer all the limtations of a

convent i onalta@épaid tHeCmui (168 cudifiAly Axis! T thdil@ne. are sol ved by a nose
section which1s asymetric with reSpect to the main axis of the warhead.

Presently, various warheads, bombs and projectiles are used for
penetrating armored vehicles, such as tanks and thick concrete or similar

5 other hard or hardened targets, typically made of concrete and further
protected by layers of rock, soil and/or steel.

Presently available warheads are symmetrical so that the
performance of the missile is independent of its roll angle at the moment
of impact between the missile and the target. The symmetry of the

10 warhead is critical in missiles, bombs, and the like, which roll during flight
so that it is not possible to predict the roll angle of the missile at the
instant of impact.

Typically, the nose of a conventional warhead has either an ogival
or a conical front section (Figures 2 and 3, respectively), both

15  configurations being completely symmetrical with respect to the main axis
of the warhead.

The purpose of a penetratibn Warhead is to penetrate as deeply as
possible into the target in order to place the explosives in the targeted
space, or as close to it as possible. The extent of penetration of the

20 warhead is greatly affected by the angle of impact, i.e., the angle between

the main axis of the missile or warhead and the plane of the target:
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14~ Thus, Hei ncker teaches an aft section of a warhead which
has an asymmetric front, however, that front is not intended for
penetrating the target as specifically explained on colum 3, lines
41-53, of the Heincker patent. On the contrary as therein .
specifically explained, it is the fronf of 5 the forward section of the
war head which is intended to penetrate the target, wherein the aft
section nerely fdVMbstwwatheads etriler thefrerigaimt asigieshwhich are substamtiatlyi c.

in the range of from about 45° to about 65°. At sufficiently small angles
there is a greater chance of a ricochet, i.e., the wa;head is likely to fail to
penetrate the target and to bounce off the target (Figure 4). |
5 At an impact angle .of greater than about 45°, the warhead
penetrétes the target but tends to form a J-shaped path (Figures 5). The
diversion of the warhead from a straight line path is causes by an
imbalance of forces on the nose of the warhead, as shown schematically in
Figure 8 which induces a moment_,_l\_'I_,_tendi_ng to rotate the warhead about

10 its center of gravity in a direction away from the target. In some cases the

warhead comes to a stop with its nose pointing somewhat away from the

target. The J-shaped path implies a decreased penetration of the warhead

into the target.

At somewhat larger impact angles, milder J-shaped paths are

15 encountered (Figure 6).
| Finally, when the missile impacts the target perpendicularly, i.e., at
90°, the warhead moves directly into the target and maximum penetration
depth is achieved (Figure 7). In some cases the differences in penetration
achieved with a head-on impact (Figure 7) and angled impacts (Figures 5
20 and 6) could mean the difference between delivery of the explosive
charges directly into, or in close proximity to, 'the intended area, with a

resultant highly effective explosion, and allowing the explosives to
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l:n-addition Heincker's missile is not a positively position-controlled
roll-&tabilized mssile, and therefore the roll position of the Heincker's

10 m ssi‘le upon inpact is a matter of statistics. GB 539699
to Kent discloses an aerial bonmb with a nose section equi pped with a
det achabl e part, such that, upon inpadOing a water body, t he .

det achabl e part disintegrates and renders the nose section asymetric.

The asymret gytonfte it S ¢6da@ionS wirt€ ditte GUGR tdadt ddreddeWé nibnenmadhe (i .., in
15 water) the forces acting on the nose section tend to create a nonent

about .t he. egd's center of gravity which tends to direct the
penetrati ngmtegdw ead in a direction which is substantially toward the
hori zontal (see Figure 8 therein). A distinctive

di fference. i n t hdhgopresent tinvenfiomdelaies dpoackingdic energy penetrating

warhead which is designed to at least partly mitigate the negative effects

5 of an angled impact of a hardened target.

A warhead according to the present invention includes, in sharp

contrast with known warheads, a front section, or nose, which is

asymmetric with respect to the main axis of the warhead, the asymmetry is

selected such that the forces acting on the nose of the warhead tend to

10 create a moment about the warhead's center of gravity which tends to

direct the penetrating warhead in a direction which is substantially toward

the perpendicular, thereby increasing the warhead's penetration depth.

A warhead according to the present invention is_intended for use

with guided missiles, projectile or smart bombs which do not roll, or are

15 roll-stabilized, position-controlled and which are designed to penetrate

hard and high value targets. In such systems, the missile or bomb has

defined up and down portions and impact takes place substantially with

the lower portion of the system.

As is shown schematically in Figure 9, the asymmetric
20 configuration of the warhead makes it possible for the warhead to dig into
the target by allowing the target counter forces to act on the warhead so as

to counter and correct the tendency of the warhead to take-aJ=shaped.path.——
: REPLACEINENT SHEET
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20 ° behavior fol | ow ng i npact of the bonb described by Kent, the warhead

aqcord'i ng to the present invention and a conventional symetric warhead
i s .enphasi zed in Figure | OB.

15 Consi dering an inpact angle a (e.g., 45-65 ) in a horizonta
t ar get, the bonb of Kent, as in itated by 100, progresses in a path
whi ch becones closer to the horizontal, whereas the warhead according
to the apskowntini Figurasi §n5 amd HndiTbatfetcdsyactog, oprtbgrmosseef the a path
whi ch

warhead thus tend to create a moment, M, about the warhead's center of

gravity which tends to direct the penetrating warhead in a direction which

is substantially toward the perpendicular, thereby increasing the warhead's
5 penetration depth.

The difference in path taken by two warheads, one symmetrical and
the other asymmetrical as describéd, is illustrated schematically in Figure
10A. As can be seen, the symmetrical warhead is diverted from its

-intended direction while the path of an asymmetric warhead according to
10 the present invention is actually corrected so as to approach the
perpendicular. The resultant deeper penetration, and resultant enhanced

explosion effectiveness, can be seen in Figure 10A.

Asymmetry of various projectiles has been a subject of interest for

a_long time. U.S. Pat. No. 603,466 to Hammer discloses projectiles with

15 _an asymmefric nose section and flanges to control the traveling direction

of the projectiles (i.e., before impacting a target). The projectiles

described by Hammer are not positively roll stabilized and/or position

controlled. WO 82/03453 (PCT/AU82/00044) to Thomson disclose a

missile having a directional control device which affects the symmetry of

20 its nose section during traveling (i.e., again, before impacting a target).

Thus, both Hammer and Thomson disclose projectiles having an oblique

conical configuration at their anterior end, which configuration affects
| REPLACEMENT SHEET
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5 "becones closer to the vertical. |In other words, the bonb of Kent
ptogresses away from the perpendicul ar, whereas the warhead according
to.the present invention progresses closer to the perpendicular. A
symmetri c war head, as indicated by 104.,woul d take an internedi ate path

(see also Figure 10A). 10 Var]?bus and sundry asynmetric nose
sections may_ be envisioned. Al'l of these are intended to be included
within the Jbeipeaeodynamin prog - flight othrpugh —air| (ersilyiredynagicsone of
the various possibilities are the : configurations shown in Figures 11

to 22. The R[ir6lese oAbk Svadér)NR6Wever, thesé%hﬁpuﬁmbr@ew 26t Sffectsongiretry will
depend on t He parametel pplications, perhnaps 1 ncluding,

but. not. || el fon LRSHIRECHEa taraer i § el inde Gif Bledtla ridifedePe ©f

expl osi ves JE c

about the center of gravity which directs the projectile in a direction which

5 1is substantially toward the perpendicular during penetration. In other

words, these patents provide designs for controlling a projeptile during its
ﬂ. ] l ] . ] l - ’ ]l 10 ] ] E ]]- )

the projectile’s behavior after impact (i.e., during penetration).

Furthermore, the Hammer patent was published at 1898.

10 Therefore, Hammer could not have possibly describe an active roll-

stabilized position-controlled missile, since such projectiles were

developed about 40 years later. The first positively roll-stabilized position

controlled missile was introduced by the Germans during WW2. These

15 In fact, Hammer describes a bullet which is fired from a firearm.

There is a sharp distinction between a bullet and warhead of a missile,

which, as opposed to a bullet, includes explosives. Webster's dictionary

; 'd_section of a missile, bomb, torpedo, or
he 1il inine t1 losi load.

20 Further concerning the invention by Thomson, please note that the

«__present invention is not directed toward a missile having an oblique

conical configuration at its anterior end. Flight or path control according
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l-npact .

Shown in Figures 11 and 12 are a side and a front view
of a nose desi gn which includes a planar surface. The planar surface
takes on the 20 shape of an ellipse. Anot her possi bl e
configuration is shown in Figures 13 and 14. "~ Here, the nose_section
is.in the shape of an oblique cone, i.lé. a cone
16 which is asymmetric with respect to its base or, nore inportantly
with to the missile of the present invention is effected via, for example, tail fins

10

15

20

20 (see Figure 1).

Other projectiles having asymmetric nose sections are disclosed in

U.S. Pat. Nos. 4,998,994 to Schmidt et la., 4,389,028 to Kalivretenos et

al., 3,869,101 to Schnabele et al., 3,282,214 and 3,401,637 to Briscoe, and

3,949,677 to Voss, and in FR 2673277A to Roland,

U.S. Pat. No. 4,085,678 to Heincker discloses a projectile equipped

with a warhead having a forward section and an aft section. The forward

section has an asymmetric rear end, whereas the aft section has an

asymmetric front end, such that these rear and front ends match one

another. The forward section is used to penetrate a target, whereas the aft

section_includes the explosives and is intended to follow the forward

section into the target.

Thus, the warhead taught by Heincker does not have a nose section

which is asymmetric with respect to the main axis of the warhead. In

other words, the nose section of the warhead taught by Heincker is

symmetric.

This is clearly evident from the Figures accompanying Heincker's

disclosure.

Therefore, such a warhead would suffer all the limitations of a

conventional symmetric warhead, which limitations are solved by a nose

section which is asymmetric with respect to the main axis of the warhead.
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respect to the main axis of the warhead whereas the cone tip can be at any

desi gned di stance fromthe warhead nmain axis. Shown i n Figures
15 and 16 is a nose section which is 5 asymetrically concave while the
nose section in the enbodi nents of Figures 17 and 18 are
asymetrically convex. Finally, shomn.kk*Figures 19 and 20 and in

Figures 21 and 22 are two nore configurations which are .
asymetri.cdl |y cobtusyeinckes deaches an aftgection of a warhead whichhhasianon has
been described with respect to alimted nunber of enbodinments, it

wi Il be apprfgimmafic tffcit, ABReviarthat fidifis not inteABH FoicpénedRginangeot her
appl i cati ons of the Tnventton nay D& nade.

41-53, of the

patent. On the contrary, as therein specifically exp lained, it is the front of

5 the forward section of the warhead which is intended to penetrate the

target, wherein the aft section merely follows the forward section, which is

symmetric.

In addition Heincker's missile is not a positively position-controlled

roll-stabilized missile, and therefore the roll position of the Heincker's

10 missile upon impact is a matter of statistics.

GB 539699 to Kent disclo_ses an aerial bomb with a nose section

equipped with a detachable part, such that, upon impacting a water body,

the detachable part disintegrates and renders the nose section asymmetric.

The asymmetry in this case is selected such that following impact (i.e., in

15 _water) the forces acting on the nose section tend to create a moment about

the warhead's center of gravity which tends to direct the penetrating

warhead in a direction which is substantially toward the horizontal (see

Figure 8 therein).

. A distinctive difference in the constructions and therefore the

20 __behavior following impact of the bomb described by Kent, the warhead

according to the present invention and a conventional symmetric warhead

is emphasized in Figure 10B.
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17" WHAT IS CLAIMED | S: 1. A penetration warhead of a
positively position-controlled roll- stabilized mssile, the warhead
having a main axis, the warhead conprising a nose section which is
asymmetric with respect to said main axis of the warhead, said asynmetry
I s; sel ected such that upon inpacting a,liarget the forces acting on said

nose section create a nonent about the warhead's center

of gravity which

directs the penetCatsideringaarhanapadtrangledcr(e@t,i 45r664%) ah ailorizontal target,

10

15

20

the bomb of Kent, as indicated by 100, progresses in a path which

becomes closer to the horizontal, whereas the warhead according to the

_present invention, as indicated by 102, progresses in a path which

becomes closer to the vertical. In other words, the bomb of Kent

progresses away from the perpendicular, whereas the warhead according

to the present invention progresses closer to the perpendicular. A

symmetric warhead, as indicated by 104, would take an intermediate path

(see also Figure 10A).

Various and sundry asymmetric nose sections may be envisioned.
All of these are intended to be included within the scope of the present
invention. Ilustrative of some of the various possibilities are the
configurations éhown in Figures 11 to 22. The precise choice of nose
design and degree of asymmetry will depend on the parameters of
intended applications, perhaps including, but not limited to, the expected
nature of the target, the type of explosives used and the expected angle of
impact.

Shown in Figures 11 and 12 are a side and a front view of a nose
design which includes a planar surface. The planar surface takes on the
shape of an ellipse.

Another possible configuration is shown in Figures 13 and 14.

Here, the nose section is in the shape of an oblique cone, i.e., a cone
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substantially toward the perpendicul ar, thereby increasing the warhead's
penetration depth. 2. The warhead of claim1, wherein said nose
section includes a planar configuration at its anterior end. 3.
The war head of claim1l, wherein said npge sect ion includes an obkique
conical configuration at its anterior —efe- 4. The war head of

claim 1, whergj E sai d nose, section includes a convex configuration at its
anterior endVch 1s asymmetric with respect to its base or, more importantly with

respect to the main axis of the warhead whereas the cone tip can be at any
designed distance from the warhead main axis.

Shown in Figures 15 and 16 is a nose section which is

5 asymmetrically concave while the nose section in the embodiments of

Figures 17 and 18 are asymmetrically convex. Finally, shown in Figures

19 and 20 and in Figures 21 and 22 are two more configurations which are

asymmetrically concave and convex.

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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5.° _The warhead of claim1, wherein said nose section includes a concave
configuration at its anterior end.

18" 6. A positively roll-stabilized position-controlled
mssile, conprising a generally cylindrical housing and a flight centrol
system being inplenented within and ddsai d housi ng, said flight control
system being for determining and the trajectory ar‘cmmﬁ“m(“““ﬁmll““ on of
the m ssi| e WHATIISHCLAIMED IS: ~ [IARRRI I AR ’

S

1. A penetration warhead of a positively position-controlled roll-

stabilized missile, the warhead having a main axis, the warhead comprising a

nose section which is asymmetric with respect to said main axis of the

warhead, said asymmetry is selected such that upon impacting a target the

forces acting on said nose section create a moment about the warhead's center

of gravity which directs the penetration warhead in a direction which is

substantially toward the perpendicular, thereby increasing the warhead's

penetration depth.

2. The warhead of claim 1, wherein said nose section includes a

planar configuration at its anterior end.

3. The warhead of claim 1, wherein said nose section includes an

oblique conical configuration at its anterior end.

4, The warhead of claim 1, wherein said nose section includes a

convex configuration at its anterior end.

5. The warhead of claim 1, wherein said nose section includes a

concave configuration at its anterior end.
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Lnéluding: (a) a gui dance section being inplenmented on said
housi ng for controlling said flight_control system and
(b)” a penetration warhead having a main axis and a nose section,

asym 11 with respect to-said ants okeine var ARG NN
asymmetry is sel ected such that upon inpacting & taltgét s

forces acting on said nose section create a nonent about the

war head' s center of gravity which directs the penetration

war head in a dire&cti omAwhpositivelys ubsllandbilizéd tpovitioh-cbetrolled missile,
per pendi cul ar, thereby Tncreasing the war iead™s penetrration

dept h. comprising a generally cylindrical housing and a flight control system being

implemented within and on said housing, said flight control system being for

——determining the trajectory and the roll position of the missile, said housing

including:

(a) a guidance section being implemented on said housing for

controlling said flight control system; and

(b) a penetration warhead having a main axis and a nose section,

said warhead being characterized in that said nose section is

asymmetric with respect to said axis of the warhead, said

asymmetry is selected such that upon impacting a target the

forces acting on said nose section create a moment about the

warhead's center of gravity which directs the penetration

warhead in a direction which is substantially toward the

perpendicular, - thereby increasing the warhead's penetration

depth.

7. The missile of claim 6, wherein said nose section includes a

planar configuration at its anterior end.
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« The mssile of claim®6, wherein said nose sml anar
cqnf lguration at its anterior end.
19 8.

The mssile of claim®6, wherein sai Cl““em‘ “m““l“l“Ll udes
an oblique conical configuration at ijts anterior
mssile of claim6, wherein said nose—seetion i ncI udes a

8. The missile of claim 6, wherein said nose section includes an

oblique conical configuration at its anterior end.

9. The missile of claim 6, wherein said nose section includes a

convex configuration at its anterior end.

10. The missile of claim 6, wherein said nose section includes a

concave configuration at its anterior end.
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conveX  chnfiguration at its Wzﬂéﬁe‘é
claim6, wherein said nose st | &udes

anteri or

L

end.
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