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Warhead Configuration

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to warhead configurations and, in particular, it
concerns a warhead configuration for making a large-diameter hole through a wall of
a target.

It is known to employ a shaped charge to produce an intense axial
hypervelocity jet for applications such as armor piercing. The shaped charge is
generally formed with a conical recess located axially in its front face. This results in
intense axial jet that creates a very small hole in the target. In many applications,
however, it would be useful to employ a shaped charge to form a relatively large-
diameter hole in a wall of a target.

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

relatively large diameter hole through a wall of a target.

SUMMARY OF THE INVENTION

The present invention is a warhead configuration for forming a relatively large
diameter hole through a wall of a target.

According to the teachings of the present invention there is provided, a
warhead configuration for forming a large-diameter hole through a wall of a target, the
warhead configuration comprising: (a) a shaped charge of explosive material, the
charge having an axis and presenting an annular front surface portion circumscribing
the axis, the annular front surface portion being configured so as to exhibit a concave
profile as viewed in a cross-section through the shaped charge passing through the

axis, at least part of the concave profile being configured such that a vector projecting

" outward from the part normal to the annular front surface portion diverges from the

axis; and (b) a liner adjacent to at least part of the annular front surface portion.
There is also provided according to the teachings of the present invention, a
warhead configuration for forming a large-diameter hole through a wall of a target, the

warhead configuration comprising: (a) a shaped charge of explosive material, the
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shaped charge having an 'axiis and presenting a front poﬂipp for facing towards the
wall during detonation; and (b) a liner adjacent to at least:iﬁart of the front portion,
wherein the shaped charge aﬁd the liner are configured sﬁchfthat, when the shaped
charge is detonated, a.majority of material from the liner 1s sﬁb’_stantially concentrated
into an expanding conical path. -

According to a further feature of the present inventidn, the expanding conical

path has an angle relative to the axis of between about 10° and a@bout 50°.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example ?nly, with reference to
the accompanying drawings, wherein: | _

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

FIG. 2 is a cross-sectional view taken through the axis of the warhead
configuration of Figure 1; and | '

FIG. 3 is a cross-sectional view taken through the axis of a reduced-length

variant of the warhead configuration of Figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a warhead configuration for foﬁning a large diameter
hole through a wall of a target. :

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

Referring now to the drawings, Figures 1 and 2 show a warhead configuration,
generally designated 10, constructed and operative according to the teachings of the
present invention, for fonning a large-diameter hole through a wall of a target.
Generally speaking, warhead::. configuration 10 includes .a shaped charge 12 of

explosive material having a front portion for facing towards the wall of the target
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during detonation and 4 lifier 14 adjacent to at least part of the front portion. Shaped
charge 12 and liner 14 are configured such that, when shaped charge 12 is detonated, a
majority of material from liner 14 is substantially concentrated into an expanding
conical path. In preferred cases, the material largely conglomerates into an expanding
explosively formed ring (“EFR”), represented schematically by ring 14°, which
advances at a speed of roughly 2500 m/s, cutting a hole through the wall of the target.

To achieve this effect, shaped charge 12 preferably features an annular front
surface portion circumscribing an axis of symmetry 18 of the charge. The annular
front surface portion is configured so as to exhibit a concave profile 16 as viewed in
Figure 2 (a cross-section through shaped charge 12 passing through axis 18). At least
part of the concave profile, here labeled 164, is configured such that a vector v, ¥’
projecting outward therefrom normal to the annular front surface portion diverges
from axis 18. Preferably, other parts of the profile are angled so as to provide normal
vectors ¥ parallel to, or even angled slightly towards, the axis 18. These converging
vectors, approximating closely to the direction of the explosive thrust experienced by
the different parts of the liner, lead to focusing of the liner into a concentrated ring
where they at least partially conglomerate to form the expanding EFR. The ring may
break into fragments as it expands. However, the fragments are still generally
sufficiently close together to provide a continuous cut through the wall of the target.

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

In a matter of terminology, it will be noted that the warhead configuration of
the present invention 1s described as forming a large diameter hole, It should be noted
that the term “large diameter” as used herein in the description and claims refers to a
diameter exceeding the outer diameter of the shaped charge. The large diameters
achievable by use of the present invention stand in clear distinction to the prior art
shaped charges which concentrate the liner into a jet or projectile of diameter smaller

than the diameter of the shaped charge.
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Turning now to the features of the present invention in more detail, it is a
preferred feature of the present invention that the material EZ:(')f liner 14 at least partially
conglomerates to form an expanding EFR. To this .ﬁendé the angular range ¢

ki)

encompassed by vectors v, 3’ and ¥

is preferably sﬁfﬁéiently large to ensure
convergence of the material at short range, while being '$uﬁiciently small to avoid
immediate re-fragmentatioh from impacts of colliding particles. Preferably, this range
of angles, corresponding to the angle turned through by concave profile 16, lies
between 15° and 90°, and most preferably, in the range from 30° to 70°. In a preferred
case in which the concave profile corresponds to an arc of a circle, this angle
corresponds to the angle subtended by the arc at its center of curvature.

The physical properties of the EFR, including the.deg.'ree of conglomeration,
the conical angle of divergence and the speed, are also inﬂﬁénced by a number of
other factors. These include: the shape of the charge; the point of detonation; the
material and thickness diStﬁbution of the liner; and the typ¢ and amount of explosive
used. The parameters are preferable chosen to impart a velocity to. parts of the liner of
between about 1000 and about 4000 m/s, and most preferably, of about 2500 m/s. The
expanding conical path of the EFR preferably has an angle 8 relative to the axis of
between about 10° and about 50°. Fine adjustment of the rel'ative velocities of different
parts of the liner may be used to shape the cross-sectional profile of the resulting EFR,
varying from a round cross-section through a V-shaped cross-section to a flat band.

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

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

materials. Preferred examples include, but are not limited to, metallic materials such
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as aluminum, copper, tl’imgéten, steel, iron and tantalum. In &ertain cases, a liner made
from plastic materials may be used.

It should be noted that the surface referred to as the “annular front surface
portion” is typically part of a continuous front surface of the charge. The form of the
central portion closest to axis 18 is generally not critical to operation of the present
invention, but may be adapted according to the given application to provide additional
advantageous properties. In most cases, the annular front surface portion corresponds
to at least about half of the total front surface of shaped charge 12 as viewed parallel
to axis 18, and most preferably, at least about 80% thereof.

In experimental results, warhead configuration 10 has been demonstrated to
offer extremely effective cutting properties. When detonated a short distance from a
wall, a clean circular hole is produced. The diameter of a hole produced is about 1-10
times the charge diameter when detonated from a standoff of about 1-5 charge
diameters depending upon the target material and thickness. When the axis of the
charge is not aligned perpendicular to the wall, an elliptical shaped hole is created.
The cutting ability for cutting through steel is between about 0.1 and about 0.2 of the

charge diameter, depending upon the specific liner material used.

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

scope of the present invention.
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WHAT IS CLAIMED IS:

1. A warhead configuration for formmg a large dlameter hole through a

wall of a target, the warhead configuration comprlsmg '

(@)  a shaped charge of explosive material, said charge having an axis and
presenting an annular front surface portion clrcumscnbmg said axis, said
annular front surface portion bemg conﬁgured SO as to exhibit a concave
profile as v1ewed in a cross-section through sald shaped charge passing
through said axis, at least part of said concave proﬁ]e being configured
such that a vector projecting outward ﬁ'om: said part normal to said
annular front surface portion diverges from sa_rf:d' axis; and

(b) . aliner adjacent to at least part of said annular front surface portion.

2. The warhead configuration of claim 1, wher'ein said annular front

surface portion is substantially rotationally symmetric about said axis.

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

corresponds substantially to an arc of a circle.

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

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

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

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

6. The warhead configuration of claim 1, wherein said concave profile
turns through an angle of between 15° and 90°.

7. The warhead configuration of claim 1, wherein said concave profile
turns through an angle of between 30° and 70°.
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8. The warliead configuration of claim 1, wherein said annular front
surface portion corresponds to at least about half of the total front surface of said

shaped charge as viewed parallel to said axis.

9. The warhead configuration of claim 1, wherein said annular front
surface portion corresponds to at least about 80% of the total front surface of said

shaped charge as viewed parallel to said axis.

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

velocity to fragments of said liner of between about 1000 and about 4000 m/s.

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

wall of a target, the warhead configuration comprising:

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

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

wherein said shaped charge and said liner are configured such that, when said shaped
charge is detonated, a majority of material from said liner is substantially concentrated

into an expanding conical path.

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

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



