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(57) Abrége/Abstract:

The need in the artis addressed by the hard-target penetrating warhead of the present invention. In the illustrative embodiment,
the Inventive system Is adapted for use with length constrained missile payload bays and includes a warhead case for
containing explosives. A tungsten ballast is inserted within the case to provide a high warhead sectional pressure upon impact
of the missile against a target. A fuse detonates the warhead explosives following penetration of the target. A fuse well houses
the fuse and Is attached to the case at one end. A slip fit section of the fuse well provides structural support to the case and
prevents dislodging of the fuse well and the fuse from the case upon missile target impact. Explosives blowout ports included In
the fusc well inhibit undesirable detonation of the warhead explosives by accidental exposure to high heat. In a specific
embodiment, the case includes a 6 caliber radius head nose. The fuse well iIncludes main explosives blowout ports for allowing
accldental exposure to high heat to burn the missile explosives and safely vent gases resulting from the burning. The main
explosives blowout ports are placed around a circumference of the fuse well and include nine ports having a surface area
designed to prevent undesirable detonation. The blowout ports also include booster blowout ports for allowing safe venting of
booster charge explosives that are included in the fuse. Additionally, a special polyethelene/polyalphaolefin liner lines the inside
of the case for improving safe venting performance under fast cook-off hazardous conditions. The warhead explosives include
PBXN - 109. The case includes a textured or lightly grooved surface for facilitating bonding of the ballast to the case.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02279325 1999-07-30

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © :
F42B 12/00

(21) Intemational- Application Number: PCT/US98/25655
(22) International Filing Date: 3 December 1998 (03.12.98)

(30) Priority Data:
08/984,100 3 December 1997 (03.12.97) us

(71) Applicant: RAYTHEON COMPANY [US/US};, 2000 E.
El Segundo Boulevard, P.O. Box 902, El Segundo, CA
90245-0902 (US). |

(72) Inventors: BOOTES, Thomas, H.; 5860 North Camino Padre |

Isidoro, Tucson, AZ 85718 (US). CASTILLO, Mel; 13446
Landfair Road, San Diego, CA 92130 (US).

(74) Agents: COLLINS, David, W.; Raytheon Company, 2000 E.

El Segundo Boulevard, P.O. Box 902, El Segundo, CA
90245-0902 (US) et al.

(54) Titlee IMPROVED MISSILE WARHEAD DESIGN

(57) Abstract

(11) International Publication Number: WO 99/35461

(43) International Publication Date: 15 July 1999 (15.07.99)

(81) Designated States: AU, CA, IL, JP, NO, European patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE).

Published
Withowt international search report and to be republished
upon receipt of that report.

The need in the art is addressed by the hard-target penetrating warhead of the present invention. In the illustrative embodiment, the
inventive system is adapted for use with length constrained missile payload bays and includes a warhead case for containing explosives. A
tungsten ballast is inserted within the case to provide a high warhead sectional pressure upon impact of the missile against a target. A fuse
detonates the warhead explosives following penetration of the target. A fuse well houses the fuse and is attached to the case at onc end. A
slip fit section of the fuse well provides structural support to the case and prevents dislodging of the fuse well and the fuse from the case
upon missile target impact. Explosives blowout ports included in the fuse well inhibit undesirable detonation of the warhead explosives by
accidental exposure to high heat. In a specific embodiment, the case includes a 6 caliber radius head nose. The fuse well includes main
explosives blowout ports for allowing accidental exposure to high heat to burn the missile explosives and safely vent gases resulting from
the burning. The main explosives blowout ports are placed around a circumference of the fuse well and include nine ports having a surface
area designed to prevent undesirable detonation. The blowout ports also include booster blowout ports for allowing safe venting of booster
charge explosives that are included in the fuse., Additionally, a special polyethelene/polyalphaolefin liner lines the inside of the case for
improving safe venting performance under fast cook—-off hazardous conditions. The warhead explosives include PBXN - 109. The case
includes a textured or lightly grooved surface for facilitating bonding of the ballast to the case.
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IMPROVED MISSILE WARHEAD DESIGN

BACKGROUND OF THE INVENTION

Field of Invention:

This invention relates to missiles. Specifically, the present invention relates mussile

warheads designed to penetrate hard targets. |

Description of the Related Art:

Missiles are used in a variety of demanding applications ranging from air to air and ground
combat applications to structural demolition applications. Such applications often require missiles
with warheads that can effectively and consistently penetrate and explode within hard targets and
that may be safely transported and stored with minimal explosion danger.

A typical hard target missile includes an explosive warhead enclosed within a steel case. A
fuse serves to ignite the explosive warhead following target impact. When a warhead penetrates a
target, the fuse detonates a booster charge which in turn detonates the explosives in the warhead.
At high target impact velocities and oblique impact angles, existing warheads may expernence a
slap down effect. The slap down effect causes the missile warhead case to become oval shaped as
the missile slaps against the target. As a result, the fuse located in the end of the missile warhead
case may become dislodged, preventing warhead detonation. Also, the warhead will often fail to
adequately penetrate and destroy a target due to inadequate missile velocity or due to structural
feature of the warhead that limit warhead sectional pressure. (Sectional pressure is related to the
pressure that a warhead exerts on a target at impact and is expressed in terms of weight per umit
area). An example of such a structural feature that can limit the penetration of a warhead 1s the

larger diameter warhead case used on traditional warheads.

To improve warhead target penetration, designers attempted to increase missile velocity.
However, this proved expensive and difficult due to missile delivery system limitations and

existing missile payload length constraints.

SUBSTITUTE SHEET (RULE 26)
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In addition, mussiles are often launched from a variety of Navy and Air Force launch

platforms. The capacity of these launch platforms acts as a missile design constraint limiting the
length and diameter of the missiles.

During worst case storage or transport conditions, the warheads may be exposed to fire or
other extreme heat, creating hot spots in the explosive fill. These hot spots may lead to
unintentional warhead detonation.

To increase mussile safety, designers often employ stress risers. A stress riser is
implemented via a groove in the missile case. When the case is exposed to fire or another heat
source, the explosives expand and crack the missile case at the groove. The explosives then
slowly burn and vent through the crack in the missile case, thereby avoiding undesirable
detonation of missile explosives. The stress riser however, acts as a failure joint upon warhead
hard target impact. This reduces target penetrating capability.

Hence, a need exists in the art for a safe and cost effective warhead adaptable to existing

missile payload sections that can reliably and consistently penetrate a wide variety of hard

targets.
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SUMMARY OF THE INVENTION

The need in the art 1s addressed by the hard-target penetrating warhead of the present
invention. In the 1llustrative embodiment, the inventive system 1s adapted for use with length
constrained missile payload bays and includes a warhead case for containing explosives. A
tungsten ballast is inserted within the case to provide a high warhead sectional pressure upon
impact of the missile against a target. A fuse detonates the warhead explosives following
penetration of the target. A fuse well houses the fuse and 1s attached to the case at one end. A
slip fit section of the fuse well provides structural support to the case and prevents dislodging
of the fuse well and the fuse from the case upon missile target impact. Explosives blowout
ports included in the fuse well inhibit undesirable detonation of the warhead explosives by
accidental exposure to high heat.

In a specific embodiment, the case includes a 6 caliber radius head nose. The fuse
well includes main explosives blowout ports for allowing accidental exposure to high heat to
burn the missile explosives and safely vent gases resulting from the burning. The main
explosives blowout ports are placed around a circumference of the fuse well and include nine
ports having a surface area designed to prevent undesirable detonation. The blowout ports
also include booster blowout ports for allowing safe venting of booster charge explosives
that are included in the fuse. Additionally, a special polyethelene/polyalphaolefin liner lines
the inside of the case for improving safe venting performance under fast cook-off hazardous
conditions. The warhead explosives include PBXN - 109. The case includes a textured or
lightly grooved surface for facilitating bonding of the ballast to the case.

In accordance with one aspect of the present invention there i1s provided a missile
warhead weighing more than 570, pounds having a length to diameter ratio of approximately
7, and a 6 caliber radius head nose, said missile warhead comprising:

case means for containing explosives;

a tungsten ballast weighing approximately 240 pounds disposed within said case
means for providing a high missile sectional pressure upon immpact of said missile warhead
on a target;

detonating means disposed within the case means for detonating said missile
explosives upon penetration of said target; and

fuse well means attached to said case means at one end for housing said detonating

mcariis.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described more fully with
reference to the accompanying drawings in which:

Fig. 1 1s a cross-sectional of a warhead constructed in accordance with the present
invention.

Fig. 2 1s a more detailed cross-sectional diagram of the case of the warhead of Fig. 1.

Fig. 3 is a more detailed cross-sectional diagram of the ballast of Fib. 2.

Fig. 4 1s an 1sometric view of the ballast of Fib. 3.

Fig. 5 1s a ore detailed diagram of the fuse well of the warhead of Fig. 1.

Fig. 6 1s a back view of the view well of Fig. 5.

Fig. 7 1s a three-dimensional cross-sectional diagram of an alternative embodiment of

the warhead of the present invention secured 1n a Tomahawk payload section.

DESCRIPTION OF THE INVENTION

While the present invention 1s described herein with reference to illustrative
embodiments for particular applications, it should be understood that the invention i1s not
limited thereto. Those having ordinary skill in the art and access to the teachings provided
herein will recognize additional modifications, applications, and embodiments within the
scope thereof and additional fields in which the present invention would be of significant
utility.

Fig. 1 1s a cross-sectional diagram of a warhead 10 constructed in accordance with
the present invention. The warhead 10 includes a case 12 having a special nose 14, a
tungsten ballast 16 inserted within the case 12 near the special nose 14, a unique fuse 18 at
the opposite end of the case 12, an internal liner 20, and specially selected high explosives 22
surrounded by the liner 20.

The case 12 1s a 330 pound penetrating thick-walled case constructed of 4340 mod
aircraft quality steel alloy. The special nose 14 is a 6 caliber radius head nose (6 CRH, an
arc with a radius of 6 times the diameter of the warhead) designed for maximum warhead
penetration. The tungsten ballast 16 weights approximately 240 pounds, and in combination
with the nose 14 results 1n very high warhead sectional pressure. The tungsten ballast 16 and
the special nose 14 provide significantly more target penetration than existing warheads

whose lengths are constrained by the payload bays or other factors.
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The tungsten ballast 16 1s approximately 2.4 times more dense than steel facilitating a

shift of the center of gravity of the warhead forward and allowing carriage of up to 40% more
explosives. By selectively concentrating missile mass near the nose of the warhead 10, warhead
terradynamic stability 1s enhanced which improves warhead penetration, and in turn expands the
target set, 1.e., the set of targets that may be successfully attacked by the warhead 10 carrying
more explosives. For example, the warhead 10 may be used to attack hardened or layered targets
whereas comparable length constrained mussiles are often ineffective at penetrating and
destroying these targets.

The special liner 20 1s a polyethelene/polyalphaolefin film that surrounds the explosives
22. The liner 20 may be sprayed or poured on the interior of the case 12 before missile
assembly. The liner 20 helps reduce the probability that the explosives 22 will unintentionally
detonate due to exposure to any accidental external heat source.

To further increase the safety of the warhead 10, a fuse body 19 includes explosives
blowout ports 25. The ports 24 allow heat to enter the fuse body 19 and slowly burn booster
charge explosives 27. The process by which the main explosives 22 burmn is known as ‘cook-off.’
In the event of a fire, the explosives 22 burn-off quickly without exploding. If the explosives 22
are not allowed to burn, resulting hot spots in the explosives 22 may lead to unintentional
warhead detonation. Booster charge blowout ports 25 allow for fast cook-off burning of the
booster charge explosives 27.

The fuse well 18 screws into the case 12 and is uniquely designed to provide additional
structural support to the case 12 (as discussed more fully below) thereby preventing undesirable
dislodging of the fuse well 18 from the warhead 10. A retention plate 26 screws onto the end of
the warhead 10 and helps to secure the warhead case 12 in the missile payload bay (see 72 of Fig.
7). In the present specific embodiment, the fuse well 18 is designed to accommodate a standard
FMU-148/B fuse 19.

The warhead 10 is part of a missile system (not shown) that includes a guidance control
system having a gwidance control processor and aerodynamic fins, and a propulsion system
having an engine and fuel system.

Fig. 2 1s a more detailed cross-sectional diagram of the case 12 of the warhead 10 of Fig.
1. In the present specific embodiment, the case 12 is adapted for use with Tomahawk payload
sections and includes inside threads 30 that extend approximately 1.5 inches from the end of the

case 12. Threads on the outside of the fuse well (see Fig. 1) match the threads 30.
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The case 12 has a main cylindrical body 32 having an outside and inside diameter of

approximately 8.7 inches 7.2 inches, respectively. A fuse well slip fit section 34 of the body 32
has an inside diameter of approximately 7.214 inches. The slip fit section 34 is designed to
accommeodate a corresponding ship fit section of the fuse well as discussed more fully below.

In the present specific embodiment, the case 12 is 61.5 inches long and is constructed of
aircraft quality 4340 steel alloy heat treated to Rockwell C40 +/- 2, per MIL-H-6875. The nose
14 includes a comical bevel 36 the surface of which forms an angle 38 of approximately 62.5
degrees with respect to a longitudinal missile axis 40. |

The case 12 includes a first cavity séction 42 that begins approximately 4.5 inches from
the end of the nose 14 and extends approximately 9 inches. The first cavity section 42 is shaped
like a section of a cone having a vertex angle of approximately 25.1 degrees. The first cavity
section 42 ends to where the case 12 has an inside diameter of approximately 6.0 inches where a
second cavity section 44 begins. The second cavity section 44 extends 8.0 inches along the
longitudinal axis 40 and ends where the case 12 has an inside diameter of approximately 7.2
inches. The cavity section 44 1s shaped like a section of a cone having a vertex angle of
approximately 4.3 degrees. o

A third cavity section 46 corresponds to the main body 32 and extends from the second
section 40 to the slip fit section 34 and is cylindrical having an inside diameter of approximately
7.2 inches. The thurd cavity section 46 1s designed to accommodate high explosives; the first 42
and second 44 cavity sections are designed to accommodate the unique tungsten ballast (see Fig.
1); and the threaded section 30 and shp fit section 34 are designed to accommodate the unique
fuse well (see Fig. 1) of the present invention.

The case 12 may be welded together in sections, may be machined from solid stock, or
may be cast. The novel design of the present invention is facilitated by a texture of slight
grooves 48 that facilitate bonding of the tungsten ballast to the case 12 via high strength
industrial epoxy adhestves.

Fig. 3 1s a more detailed cross-sectional diagram of the ballast 16 of Fig. 2. The ballast
16 1includes a first conical section 50, a second conical section 52, and a third conical section 54.
The first 50 and second 52 and conical sections fit the first cavity section of the missile case (see
42 of Fig. 2). The third conical section 54 fits the second cavity section of the missile case (see

44 of F1g. 2). The surfaces of the first 50, second 52, and third 54 conical sections are roughened

to improve the bonding to the corresponding cavity sections.
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The first conical section 50 extends approximately 0.24 inches from the end of the ballast

16 as the diameter expands from approximately 1.57 inches to 2.17 inches. The second conical
section 52 extends approximately 8.8 inches from the end of the first conical section 50 as the
diameter of the second comical section 52 expands from approximately 2.17 inches to
approximately 5.98 inches. The third conical section 54 extends approximately 7.75 inches from
the end of the second conical section 52 as the diameter expands from approximately 5.98 inches
to approximately 7.18 inches. The total length of the ballast is approximately 16.8 inches.

Once the ballast 16 1s installed in the case 12 of Fig. 2 the special
polyethelene/polyalphaolefin liner 1s poured or sprayed on the interior of the case in preparation
for the PBXN-109 explosives fill (see 22 of Fig. 2).

The ballast 16 1s constructed of tungsten IAW MIL-T-21014D CLASS 4 cast and
machined into the appropriate dimensions. The ballast 16 was designed to maximize ballast
effectiveness while minimizing costs, however those skilled in the art will appreciate that other
ballast shapes may be used without departing from the scope of the present invention. In
addition, other ballast sizes and other matenals such as lead or depleted uranium may be used
without departing from the scope of the present invention.

Fig. 4 1s an 1sometnc view of the ballast of Fig. 3.

F1g. 5 1s more detaiied diagram of the fuse well 18 of the warhead 10 of Fig. 1. The fuse
well 18 includes a chamber 60 for housing a fuse and a booster charge (see Fig. 1) Intemal
threads 62 facilitate securing of the fuse in the chamber 60. External threads 64 help secure the
fuse well 18 into the case 12 and match the threads 30 of Fig. 2. A slip fit portion 66 of the fuse
well 18 1s approximately 7.21 inches in diameter and fits into the corresponding slip fit section
34 of the case 12 of Fig. 2 providing additional structural support to the case. The additional
support increases the ability of the warhead to survive high impact stresses while maintaining
superior penetration performance.

In the event of accidental fire, the explosives blowout ports 24 allow heat to enter the
warhead, burn explosives in the warhead, and allow gases from the burning explosives to safely
vent out of the warhead. This reduces the probability of unintentional warhead detonation. The

booster blowout ports 25 within the fuse body 19 serve a similar function as the explosives

blowout ports 24 but are designed to prevent unintentional detonation of the fuse’s booster

charge.
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The fuse well 18 is approximately 8.29 inches long. Chamber walls 68 are
approximately .09 inches thick. The outside diameter of the fuse well 18 1s about 7.6 inches.
The fuse well 18 may be cast in sections and welded together, may be cast as a single piece,
or may be machined. The preferred construction matenal 1s 17-4 PH stainless steel with a
passivate QQ-P-35 fimish of type 1, 11, or I11.

Fig. 6 is a back view of the fuse well 18 of Fig. 5. The explosives blowout ports 24 are
co-axial with the longitudinal axis 40 of the warhead and are positioned around the
circumference of the fuse well 18 and include 9 blowout ports placed in 40 degree mtervals
around the circumference. The 6 booster blow out ports 25 are an integral part of the tuse (see
19 if Fig. 1). The centers of the explosives blowout ports 24 are positioned approximately 2.9
inches from the longitudinal axis 40.

Fig. 7 is a three-dimensional cross-sectional diagram of an alternative embodiment 70
of the warhead of the present invention secured 1 a Tomahawk Cruise Missile payload
section 72. The warhead 70 includes a tungsten ballast 74 having a front continuously tapered
surface 76 and a rear indentation having a second tapered surface 80. The external
dimensions of the warhead 70 are similar to those of the missile 10 of Fig. 1, and are limited

by the pre-existing size of the Tomahawk payload section 72.

Thus, the present invention has been described herein with reference to a particular

embodiment for a particular application. Those having ordinary skill in the art and access to

the present teachings will recognize additional modifications, applications and embodiments

within the scope thereot.
It is therefore intended by the appended claims to cover any and all such applications,

modifications and embodiments within the scope of the present invention.
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What is claimed is:

1. A missile warhead weighing more than 570, pounds having a length to
diameter ratio of approximately 7, and a 6 caliber radius head nose, said missile warhead
comprising:

case means for containing explosives;

a tungsten ballast weighing approximately 240 pounds disposed within said case
means for providing a high missile sectional pressure upon impact of said missile warhead
on a target,

detonating means disposed within the case means for detonating said missile
explosives upon penetration of said target; and

fuse well means attached to said case means at one end for housing said detonating

means.

2. The missile warhead of claim 1 further including support means for
providing structural support to said case means for preventing dislodging of said fuse well

means and said detonating means upon said impact of said missile warhead.

3. The missile warhead of claim 2 wherein said support means includes a ship fit

portion of said fuse well means that slips inside of said case means reducing missile warhead

deformations due to slap down loads.

4, The missile warhead of claim 1 further including safety means for inhibiting

undesirable explosion or detonation of said missile warhead explosives by at least one of

said detonating means and by exposure to heat.

5. The missile warhead of claim 4 wherein said safety means includes blowout

ports in said fuse well means.

6. The missile warhead of claim 5 wherein said blowout ports inciude main
explosive blowout ports for allowing heat to burn said missile warhead explosives and safely

vent gases resulting from said burning.
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7. The mussile warhead of claim 6 wherein said main explosive blowout ports
are placed around a circumference of said fuse well means and include nine ports having a

surface area designed to minimize at least one of explosives explosion and detonation

hazards.

8. The missile warhead of claim 4 wherein said safety means includes a lhiner
that lines the inside of said case means for improving fast cook-oft performance in the event

of one of an accidental fire and exposure to an extreme heat source.

9. The mssile warhead of <claim 8 wherein  said hner is

polyethylene/polyalphaolefin.

10. The missile warhead of any one of claims 1 to 9 wherein said missile

explosives include PBXN-109.

11, The missile warhead of claim 1 wherein said case means includes a textured

or grooved surface for facilitating bonding of said ballast to said case means.
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