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MISSILE WARHEAD
FIELD OF THE INVENTION
The present invention relates to missile warheads especially unguided warheads

designed to penetrate hard targets and in particular multiple wall targets.

BACKGROUND OF THE INVENTION

Warheads are often required to penetrate hard concrete or steel targets of either
one or multiple layers (walls) and to explode afterwards inside a target cavity.
Such warheads have an ogive or a conical nose that assists the penetration by
reducing the resistance forces.

This type of warhead is typically made of three sections: (1) a front section, ot
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 a
penetration fuse for explosive charge initiation.

The warhead which is typically a hollow cylindrically shaped casing, made of
high strength steel. Inside the hollow casing lies the explosive charge, and in
the rear end of the warhead the penetration fuse is installed. This fuse is
designed to initiate the explosive charge at the proper moment, typically, at
some predetermined time after the warhead encounters the target. |

In penetration warheads, special care is given to the design of the forward
penetration nose. The penetration nose must withstand considerable loads, and
also, guides the warhead's path through the target (being the first part of the 7
warhead to come in contact with the target), with minimal drag forces. The
most widespread approach for penetration nose design is to use a conical or an
ogive nose.

When the warhead hits the target at an oblique impact angles, and at the
beginning of penetration, asymmetrical forces develop on the conical or ogive
nose. Such forces create a rotation moment (torque) around the center of mass
of the warhead and cause the warhead to move in a bent line instead of a

straight line, or to ricochet, if the warhead hits at shallower impact angles.
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This effect is called the J Effect which causes some or all of the following
problems: (a) the warhead rotates during target penetration, generating
considerable loads on the warhead that may lead to the structural failure of the
warhead, (b) the warhead ricochets off the target when the strike angles are
shallow, (c) the warhead potential penetration depth of a target is decreased due
to bent penetration line, and (d) lateral accelerations acting on the fuse located
in the rear part of the warhead increase; such accelerations may cause failure of
the fuse during penetration.

The customary design approach to these problems is strengthening the warhead

structure by increasing the thickness of the metal and/or changing the kind of

metal from which the warhead is made, and strengthening and hardening the
warhead fuse to withstand increased side accelerations. This approach has
several limitations including an increase in the weight of the weapon system,
which is undesirable, reduction of the internal volume for the explosive charge

* in the warhead and a more complicate design of the penetration fuse. As a
result, the cost of the warhead-fuse system increases and its effectiveness
decreases.

Another approach is to use a warhead with a blunt nose. This kind of nose

reduces the J Effect by creating an opposing force at the beginning of the

penetration which balances the moment (torque), but creates much bigger drag
forces during the penetration. As a result of the bigger drag forces, some or all
of the following problems may develop:

- Reduced penetration capability, especially in perpendicular penetration
angles because of the configuration of the nose which significantly
increase the drag forces on it.

- Increase of the accelerations along the axis of the warhead, due to the
increased resistance or drag forces, which also negatively affect the
warhead and the fuse.

Thus, warheads of this kind are limited to strikes at relatively shallow angles

and into relatively thin targets only.
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In view of the above, an aim of the present invention is to provide an improved
warhead that overcomes the drawbacks of the above warheads, i.e., a warhead
with a nose having a shape which would reduce the J Effect in a situation of a
strike at oblique angles, increase the penetration capability and reduce the loads
on the warhead and the fuse, without significant increase of penetration drag.
Another aim of the present invention is to provide a missile warhead having
high durability while penetrating multi-layered structural targets, without a
significant increase in weight.

Yet, another aim of the present invention is to provide a warhead nose that
prevents the warhead from ricocheting off structural targets and assists in target
penetration, when shallow approach angles and high angles of attack are

reached.

SUMMARY OF THE INVENTION

The present invention is to a penetration warhead having a conical nose and

structural ribs along the circumference of the nose. The special penetration

cone design gives the warhead the following characteristics:

1. High durability due to reduced stress while penetrating several / layered
structural targets, without a significant increase in weight.

2. Correction of the penetration path, minimizing the "J effect”, while
penetrating several / layered structural targets which increases the
potential penetration depth.

3. Minimizing ricochet of the warhead off structural targets and assists in
target penetration, when shallow approach angles and high angles of
attack are reached.

4. Decreasing the accelerations acting on the rear part of the warhead, thus
decreasing the loads on the penetration fuse (located in the rear of the
warhead).

Main parts of the penetration nose:
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Structural ribs — these ribs may vary in size and even protrude out of the

maximal outline of the warhead. The thickness and height of the ribs changes

along the length of the warhead nose.

Penetration boss — a boss protruding from the tip of the penetration nose. This

boss may be tapered. The boss is not an essential part of the penetration nose

for some applications.

The ribs improve the capability of the warhead in the following aspects:

The structure of the ribs enables the target material to break and pass
between them. As a result, the resistance force (drag resistance of the
penetration) is reduced substantially, and the penetration capability of the
warhead is comparable and almost the same as the penetration capability
of a conical warhead without ribs.

The ribs allow the warhead to penetrate into the target at a wide
range of oblique strike angles, including relatively shallow strike angles,
without bouncing off the surface of the target, and may even split the
surface of the target in case of relatively thin targets. During the
beginning of the penetration, the ribs in contact with the target develop a
resisting force, which balances the disruptive torque and keeps the
warhead from bouncing off the surface of the target.

Because of the same mechanism the ribs reduce the movement
curvature, e.g., the J Effect, and so allow the warhead to penetrate thicker
targets and/or a number of walls in a substantially straight movement in
case of non-perpendicular strikes of wall targets. The reduced movement
curvature decreases the side forces and torques on the warhead, and thus
allows a greater chance of survival and greater reliability of the warhead

and the fuse during and after target penetration.

In contrast, warheads having a conical or an ogive nose, rotate after penetrating

in oblique angles, reducing the potential penetration capability to hardened

targets. In the case of multiple wall penetration, warheads with an ogive or

conical nose rotate significantly after the first or second wall penetration, and

thus, do not penetrate through the remaining walls.
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Thus, in accordance with the present invention, a warhead nose is provided
comprising;
a conical/ogive body having an outer surface with a top
circumference and base circumference, and ribs extending along the
outer surface of the conical/ogive body tapering so that the
circumference around the ribs is smaller than or equal to the
circumference of the base.
The warhead nose dimensions are determined by the following

relations:

E<D

-D<F<2D

where,

D is maximum nose diameter;

E is external diameter of the ribs;

F is length of the ribs along the nose;
G is minimal width of the ribs

H is height of the rib protrusion; and

I is the minimal width of the rib at the adjoining point with the nose.

Furthermore a warhead nose is provided, comprising :
a body with a cylindrical section and a conical/ogive section, an
outer surface with a top circumference and base circumference,
and ribs partially extending from the outer surface of the

cylindrical section and partially from the conical section,
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wherein the circumference around the ribs is larger than the base
circumference and the top circumference.
The warhead nose dimensions are determined by the following

relations;
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where,

D is maximum nose diameter;

E is external diameter of the ribs;

F is length of the ribs along the nose;
G is minimal width of the ribs

H is height of the rib protrusion; and

I is the minimal width of the rib at the adjoining point with the nose.

The ribs may be equidistantly spaced apart, and the nose may have a flat or
concave tip.
The warhead nose further comprises a cylindrical and/or tapered boss the

dimensions of which are determined by the following relations:
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where,
D is maximum nose diameter;

A is boss tip diameter;
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B is boss base diameter;
C is boss height;
the boss is either cylindrical and/or tapered.
Furthermore, a warhead is provided comprising:
a nose as described above;
a main section which includes an explosive charge; and

an aft section which holds a penetration or initiation fuse.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1A is a perspective view of a warhead nose in accordance with one
embodiment of the present invention;

Fig. 1B is a cross sectional side-view of a warhead having the warhead nose of
Fig. 1A;

Fig. 1C illustrates the warhead of Fig. 1B at an initial stage of penetration;

Fig. 2A is a perspective view of a warhead nose in accordance with a second
embodiment of the present invention;

Fig. 2B is a cross sectional side-view of a warhead having the warhead nose of
Fig. 2A;

Fig. 2C illustrates the warhead of Fig. 2B at an initial stage of penetration at a
relatively low strike angle of between 0° to 45° relative to the plane of the
target;

Fig. 3 is a perspective view of a warhead nose in accordance with a third
embodiment of the present invention;

Fig. 4 is a perspective view of a warhead nose in accordance with a forth
embodiment of the present invention;

Figs. 5A and 5B are side and top views of the warhead nose shown in Fig. 1;
Fig. 6 shows a straight, deflection free, penetration of a warhead of the present
invention through 3 concrete walls at a relatively high impact angle of 80°

(relative to the wall plane); and
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Fig. 7 shows a straight, deflection free, penetration of a warhead of the present
invention through 3 concrete walls at an impact angle of 50° (relative to the

wall plane).

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1A is a perspective view of a warhead nose 10 in accordance with one
embodiment of the present invention. Warhead nose 10 has a conical body 12,
tapered ribs 14 along the outer surface of the conical body 12, and tapered boss
16 protruding from the tip 18 of the nose 10.

Fig. 1B is a cross sectional side-view of a warhead 19 having the warhead nose
10 of Fig. 1A. As seen in Fig. 1B, the addition of ribs 14 does not alter the
conical shape of the nose 10.

Fig, 1C illustrates warhead 19 at an initial stage of penetration. The conical
nose 10 and the ribs 14 minimize the rotation moment around the center of
mass of the warhead to about zero and thus eliminate the J Effect, i.e., by
creating a torque opposing the torque created by the J Effect, and thus causing
the warhead to move in almost a straight line.

Fig. 2A is a perspective view of a warhead nose 20 in accordance with a second
embodiment of the present invention. Warhead nose 20 has a relatively short
conical body 22, relatively thin ribs 24 along the outer surface of the conical
body 22, and a flat tip 26. Ribs 24 are relatively thin to allow penetration into
and splitting of the target material without bouncing from the target surface.

As seen in Fig. 2A, nose 20 has a conical body 22, however, the structural
profile of the nose 20 together with the ribs 24 is not of a cone, but of a non-
solid cylinder which results from the shape and width of the ribs 24.

Fig. 2B is a cross sectional side-view of a warhead 28 having the warhead nose
20 of Fig. 2A.

As can be seen in the figure, unlike the tapered cross section of nose 10, nose
20 has a rectangular cross section.

Fig. 2C illustrates the warhead of Fig. 2B at an initial stage of penetration at a
relatively low strike angle of between 0° to 45° relative to the plane of the
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target. In this case, the overall non-solid cylindrical profile of the nose 20
minimizes the rotation moment around the center of mass of the warhead to
about zero and thus avoids the J Effect. More specifically, the overall non-
solid cylindrical profile of the nose 20 creates a torque opposing the torque
created by the J Effect, and thus, causes the warhead to move in an almost
straight line, and thus, to penetrate and split the target without bouncing off the
target surface.

Fig. 3 is a perspective view of a warhead nose 30 in accordance with a third
embodiment of the present invention. Warhead nose 30 has a conical body 32,
tapered ribs 34 along the outer surface of the body 32, and a boss 38 protruding
from the flat tip 36 of conical body 32. As in the second embodiment, warhead
nose 30 has a non-solid cylindrical shape created by the addition of ribs 34, the
shape and width of which complete the conical shape of the body 32 to form
the non-solid cylindrical warhead nose 30.

Fig. 4 is a perspective view of a warhead nose 40 in accordance with a fourth
embodiment of the present invention. The body of warhead nose 40 includes a
relatively long cylindrical section 42 and a relatively short conical section 44
with flat tip 46. Warhead nose 40 contains ribs 48 partially extending from the
outer surface of the cylindrical section 42 and partially from the conical section
44. The outer circumference of the nonsolid cylinder created by the ribs is
wider than the circumference of the cylindrical body 42 of the nose 40. In this
case, the protruding ribs create a non-solid cylindrical shape the diameter of
which is greater than the actual diameter of the cylindrical section of the
warhead. This design keeps the warhead from bouncing off the target surface
when the warhead is installed in the missile, in a sub-caliber configuration (the
warhead is an internal part of the missile), when relatively shallow strike angles
(0to 45) are reached. The ribs are first to hit the target and penetrate it, creating
a force that prevents the warhead from ricocheting off the target.

The optimized number of the ribs, their shape and dimensions are determined
by simulating the penetration of warheads into desired targets. For example the
relation between the front rib outer width (G) and the front rib root (I), can be
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optimized in order to increase or decrease the moment produced by the rib with
the same drag. Another example - simulations have shown that a relatively long
conical nose with structural ribs each having a relatively small circumference in
comparison to the circumference of the warhead may best suit penetrations into
relatively thick targets at a strike angle of between 45° to 90° relative to the
target plane. In this case, the penetration depth (or exit velocity) into a
relatively thick wall target at a strike angle of 90° relative to the target plane,
will be equal to the depth reached by a warhead having the same nose but
without the structural ribs. However, in case of oblique strike angles, the
penetration depth of a warhead with structural ribs may be significantly better.

Figs. 5A and 5B are side and top views of warhead nose 10 shown in Fig. 1.
The penetration of a warhead into desired targets is simulated based on the
following equations for optimizing the parts marked by variables A-H in Figs.
5A and 3B, i.e., for designing an optimized warhead that may involve fairly
low deflection, i.c., a relatively low J Effect, while penetrating through

target(s).
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Where D is maximum nose diameter;
A is boss tip diameter;

B is boss base diameter;

C is boss height;

10
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E is external diameter of the ribs;

F is length of the ribs along the nose;
G is minimal width of the ribs

H is height of the rib protrusion; and

I is the minimal width of the rib at the adjoining point with the nose.

TESTS

Tests consist of firing a warhead at the intended targets while recording the
warhead's progression (speed and attitude) via high-speed cameras. Tests were
conducted at various speeds and impact angles.

Fig. 6 shows a straight, deflection free, penetration of a warhead designed in
accordance with the present invention through three concrete walls at a
relatively high impact angle. In this test, the impact velocity was 375m/s and
the impact angle, i.e., the angle between the warhead's velocity vector to the
target surface, was 80°(relative to the wall plane).

Fig. 7 shows a straight, deflection free, penetration of the warhead of the
present invention through 3 concrete walls at an impact velocity of 310m/s and
at an impact angle of 50° (relative to the wall plane). Again the warhead does
not show any deflection, and penetrates the targets in a straight line. In
contrast, an impact angle of 50° or lower will cause ordinary warheads to turn
around and not penetrate through all layers of the target. The smaller the angle
between the velocity vector of the warhead and the target plane, the less likely
an ordinary warhead can penetrate through all layers of the target, and the more

likely it is to ricochet or exhibit the J-effect.

11
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CLAIMS:

1.

2.

A warhead nose comprising:
a conical/ogive body having an outer surface with a top
circumference and base circumference, and ribs extending along the
outer surface of the conical/ogive body tapering so that the
circumference around the ribs is smaller than or equal to the
circumference of the base, the warhead nosc dimensions are

determined by the following relations:

E<D

it

~D<F<2D

Lh

where,

D is maximum nose diameter;

E is external diameter of the ribs;

F is length of the ribs along the nose;
G is minimal width of the ribs

H is height of the rib protrusion; and

I is the minimal width of the rib at the adjoining point with the nose.

A warhead nose comprising:
a body comprising a cylindrical section and a conical/ogive
. section, an outer surface with a top circumference and base
circumference, and ribs partially extending from the outer surface
of the cylindrical section and partially from the conical section,

wherein the circumference around the ribs is larger than the base

12
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3.

circumference and the top circumference, the warhead nose

dimensions are determined by the following relations:

20
i<
where,

D is maximum nose diameter;

E is external diameter of the ribs;

F is length of the ribs along the nose;
G is minimal width of the ribs

H is height of the rib protrusion; and

I is the minimal width of the rib at the adjoining point with the nose.

A warhead nose in accordance with any one of claims 1-2, wherein the

ribs are equidistantly spaced apart.

A warhead nose in accordance with any one of claims 1-2, wherein the

nose has a flat tip.

A warhead nose in accordance with any one of claims 1-2, wherein the

nose has a concave tip.
A warhead nose in accordance with any one of claims 1-2, further

comprising a boss the dimensions of which are determined by the following

relations:

13
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where,

D is maximum nose diameter;
A is boss tip diameter;

B is boss base diameter;

C is boss height;

7. A warhead nose in accordance with claim 6, wherein the boss is either

cylindrical and/or tapered.

8. A warhead comprising:
a nose of any one of claims 1-7;
a main section which includes an explosive charge; and
an aft section which holds at least one penetration or initiation

fuse .

9. A warhead comprising:
a nose of any one of claims 1-8;

a main section which includes a payload.

14
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