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1
ANTI-BALLISTIC COMPOSITE STRUCTURE
FOR ORDINANCE

This invention claims the benefit of U.S. Provisional Appli-
cation No. 60/762,561 filed Jan. 13, 2006 and which is
entitled ANTI-BALLISTIC COMPOSITE STRUCTURE
FOR ORDNANCE by Khosrow Nematollahi and Brian
Ream.

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of
America for governmental purposes without the payment of
any royalties thereon or therefore.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an explosive ordnance
handling and transport system and more particularly to a
composite structure and shipping container that is ballistic-
resistant and protects the ordnance.

(2) Description of the Prior Art

Recently, there has been an emphasis on compliance with
Insensitive Munitions (IM) standards as part of an effort to
improve the safety of explosives and energetic materials.
Military products are manufactured, shipped and stored at
various locations throughout the world. The increasing threat
of terrorist attacks on military installations and public infra-
structure has driven all branches of the military to assess the
safety of existing ordnance handling and transport systems
and products under their area of responsibility.

Tests that address the various threats to explosive ordnance
transport include the impact of bullets on the Insensitive
Munitions, fragment impact, slow cook-off, fast cook-off,
and sympathetic detonation. IM compliance and hazard clas-
sification testing addresses the safety of the product relative to
transportation, storage, and system vulnerability over the
entire life cycle of the product.

The bullet impact test is considered the most difficult to
pass with the Insensitive Munitions because of the severity of
the test. More particularly, one aspect of Insensitive Muni-
tions compliance is to assess the reaction of the device relative
to the standard attack threat of a 0.50 caliber M2 armor-
piercing bullet.

As such, a need exists to improve the IM compliance for
handling of explosive ordnance and energetic material espe-
cially ballistic-resistance to M2 armor-piercing bullets.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object and general purpose of
the present invention to provide a composite structure that
improves IM compliance for explosive ordnance and ener-
getic material.

It is a further object of the present invention to provide a
composite structure that is ballistic-resistant to armor-pierc-
ing bullets.

It is a still further object of the present invention to provide
a composite structure that maintains a comparatively safer
environment for the transportation, handling and storage of
explosive and ordnance energetic materials.

It is a still further object of the present invention to provide
a comparatively thin and lightweight anti-ballistic composite
structure.

20

25

30

35

40

45

50

55

60

65

2

Itis a still further object of the present invention to provide
a comparatively thin and lightweight and anti-ballistic com-
posite structure capable of stopping a 0.50 caliber armor-
piercing bullet.

In order to attain the objects described above, there is
provided a composite structure that can be used in conjunc-
tion with a similarly designed shipping container to protect
explosive ordnance or an explosive device. The composite
structure comprises a first inner ceramic layer with a first
polyurethane layer encompassing the inner ceramic layer. A
third layer is a 316L stainless steel layer encompassing the
first polyurethane layer. A fourth layer is a second polyure-
thane layer encompassing the stainless steel layer. A fifth
layer is an outer ceramic layer and a sixth layer through a
tenth layer comprises five layers of interconnected aramid
fiber fabric (i.e., Kevlar® available from DuPont) impreg-
nated with polyurethane.

Since the explosive ordnance is typically transported inside
a shipping container, the composite structure may be part of
an explosive handling system to include a complimentary-
designed shipping container. In design, the shipping con-
tainer comprises additional layers to encompass the compos-
ite structure. A first layer of the shipping container is made of
steel encompassing the composite structure.

A second layer through a fifteenth layer of the shipping
container is each KEVLAR_in which each layer is impreg-
nated with polyurethane. Both the composite structure and
the shipping container can be made from commercially avail-
able off-the-shelf products, known to those skilled in the art.

The application of the composite structure of the present
invention can result in cost savings for shipping, tracking and
logistics. With minor modifications recognizable by those
skilled in the art, the technology of the composite structure of
the present invention can be customized for other weapon
systems requiring Insensitive Munitions (IM) compliance.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention and many
of'the attendant advantages thereto will be readily appreciated
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein like reference
numerals and symbols designate identical or corresponding
parts throughout the several views and wherein:

FIG. 1 depicts a plan view of the composite structure of the
present invention with the composite structure protecting
explosive ordnance;

FIG. 2 depicts a cross-section of a composite structure of
the present invention and with the view taken along reference
line 2-2 of FIG. 1;

FIG. 3 depicts an plan view of a shipping container sur-
rounding the composite structure of the present invention
with the view of the layers of the composite structure mini-
mized in order to more clearly depict the layers of the ship-
ping container; and

FIG. 4 depicts a cross-section of a shipping container of the
present invention with the view taken along reference line 4-4
of FIG. 3 and with the view of the layers of the composite
structure removed in order to more clearly depict the layers of
the shipping container.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, and more particularly to
FIG. 1, a composite structure 10 is shown that is used to
protect explosive ordnance or a device 100. The composite
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structure 10, shown in the figures, generally comprises con-
centric cylindrical layers of ceramic, polyurethane, stainless
steel, and interconnected aramid fiber fabric layers (i.e., Kev-
lar® available from DuPont). The composite structure may be
other shapes than cylindrical with minor modifications rec-
ognizable by those ordinarily skilled in the art.

As shown in the cross-sectional view of FIG. 2, a first layer
is an inner ceramic layer 12 with a thickness of at least 0.46
inches. The inner ceramic layer 12 is preferably ninety per-
cent high-density alumina. In a cylindrical form, the inner
ceramic layer 12 preferably has an inside diameter (ID) of
3.25 inches; however, a nominal dimension of 3.0 inches 1D
and a 4.0 inch outside diameter (OD) with a tolerance of +V1s
inches can be used for the inner ceramic layer.

A second layer is a first polyurethane layer 14 encompass-
ing the inner ceramic layer 12. The first polyurethane layer 14
has a thickness of at least 0.09 inches and is preferably a
polyether based, polyurcthane resin (i.e., Conathane
EN-1556® available from Cytec Industries Inc.); however,
suitable and commercially-available materials known to
those skilled in the art may be substituted.

A third layer is a 316L stainless steel layer 16 with a
thickness of at least 0.40 inches. The stainless steel layer 16
encompasses the first polyurethane layer 14. In a cylindrical
form, the stainless steel layer 16 preferably has an inside
diameter of 4.10 inches and an outside diameter of 4.90
inches.

A fourth layer is a second polyurethane layer 18 encom-
passing the stainless steel layer 16 with a thickness of at least
0.03 inches. The second polyurethane layer 18 is preferably
CONATHANE EN-1556 polyurethane.

A fifth layer is a second or outer ceramic layer 20 of
preferably ninety percent high-density alumina with a thick-
ness of at least 1.00 inch. In a cylindrical form, the second
ceramic layer 20 preferably has an ID of 4.96 inches; how-
ever, a nominal dimension of 5.0 inches ID and 7.0 inches
0O.D. with a tolerance of +V16 inch can be used for the outer or
second ceramic layer.

A sixth layer through a tenth layer comprises five layers of
KEVLAR fabric impregnated with polyurethane. The sixth
through tenth layers are KEVLAR/polyurethane layers 22,
24, 26 and 30. The thickness of each of the layers is at least
0.08 inches. Five layers of KEVLAR fabric with polyure-
thane are the least amount of layers that can be applied;
however, additional layers of KEVLAR with polyurethane
may be used.

Since the explosive ordnance 100 is typically transported
inside a shipping container, the composite structure 10 may
be part of an explosive handling system to include a compli-
mentary-designed shipping container 50. The role of the ship-
ping container 50 is to decelerate a bullet by about twenty-five
percent and to decelerate any other projectiles approaching
the explosive device 100. In design, the shipping container 50
comprises additional layers to encompass the composite
structure 10.

A firstlayer 52 ofthe shipping container 50 is made of steel
with a thickness of approximately 0.10 inches. The first layer
52 encompasses the composite structure 10. In a cylindrical
form, the first layer 52 of steel preferably has an ID of 10.5
inches.

A second layer 54 through a fifteenth layer 80 of the ship-
ping container 50 (including a third layer 56, a fourth layer 58,
a fifth layer 60, a sixth layer 62, a seventh layer 64, an eighth
layer 66, a ninth layer 68, a tenth layer 70, an eleventh layer
72, a twelfth layer 74, a thirteenth layer 76 and a fourteenth
layer 78 are each KEVLAR fabric in which each layer is
impregnated with polyurethane. Each ofthe layers 54 through
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80 has a thickness 0£0.08 inches with a total thickness of 1.20
inches. Both the composite structure 10 and the shipping
container 50 can be made from commercially available oft-
the-shelf products, known to those skilled in the art.

The composite structure 10 and the shipping container 50,
whether alone or in combination, provide an effective, thin
and lightweight and anti-ballistic or ballistic-resistant struc-
ture for the protection of explosive ordnance or devices.

The foregoing description of the preferred embodiments of
the invention has been presented for purposes of illustration
and description only. Itis not intended to be exhaustive nor to
limit the invention to the precise form disclosed; and obvi-
ously many modifications and variations are possible in light
of'the above teaching. Such modifications and variations that
may be apparent to a person skilled in the art are intended to
be included within the scope of this invention as defined by
the accompanying claims.

What is claimed is:

1. A composite structure and container assembly for pro-
tection of an explosive ordnance device, comprising:

a composite structure including:

an inner ceramic layer of approximately ninety-percent
high-density alumina positionable to encompass the
explosive ordnance, said inner ceramic layer having a
thickness of at least 0.46 inches;

a first polyurethane layer encompassing said inner
ceramic layer, said first polyurethane layer having a
thickness of at least 0.09 inches;

a stainless steel layer encompassing said first polyure-
thane layer, said stainless steel layer having a thick-
ness of at least 0.40 inches;

a second polyurethane layer encompassing said stain-
less steel layer, said second polyurethane layer having
a thickness of at least 0.03 inches;

an outer ceramic layer of approximately ninety-percent
high-density alumina encompassing said second
polyurethane layer, said outer ceramic layer having a
thickness of at least one inch;

afirstlayer of interconnected aramid fiber fabric impreg-
nated with polyurethane with a thickness of 0.08
inches encompassing said outer ceramic layer;

a second layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said first layer of intercon-
nected aramid fiber fabric;

a third layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said second layer of inter-
connected aramid fiber fabric;

a fourth layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said third layer of intercon-
nected aramid fiber fabric; and

a fifth layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said fourth layer of inter-
connected aramid fiber fabric;

at least one additional layer of interconnected aramid
fiber fabric impregnated with polyurethane encom-
passing said fifth layer of interconnected aramid fiber
fabric; and

a container including:

a first layer of steel capable of encompassing said com-
posite structure;

a first layer of interconnected aramid fiber fabric of said
container, said first layer impregnated with polyure-
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thane and with a thickness of 0.08 inches encompass-
ing said first layer of steel;

a second layer of interconnected aramid fiber fabric of
said container, said second layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said first layer of interconnected ara-
mid fiber fabric of said container;

athird layer of interconnected aramid fiber fabric of said
container, said third layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said second layer of interconnected aramid fiber
fabric of said container;

a fourth layer of interconnected aramid fiber fabric of
said container, said fourth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said third layer of interconnected ara-
mid fiber fabric of said container;

a fifth layer of interconnected aramid fiber fabric of said
container, said fifth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said fourth layer of interconnected aramid fiber
fabric of said container;

a sixth layer of interconnected aramid fiber fabric of said
container, said sixth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said fifth layer of interconnected aramid fiber
fabric of said container;

a seventh layer of interconnected aramid fiber fabric of
said container, said seventh layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said sixth layer of interconnected ara-
mid fiber fabric of said container;

an eighth layer of interconnected aramid fiber fabric of
said container, said eighth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said seventh layer of interconnected
aramid fiber fabric of said container;

aninth layer of interconnected aramid fiber fabric of said
container, said ninth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said eighth layer of interconnected aramid fiber
fabric of said container;

atenth layer of interconnected aramid fiber fabric of said
container, said tenth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said ninth layer of interconnected aramid fiber;

aneleventh layer of interconnected aramid fiber fabric of
said container, said eleventh layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said tenth layer of interconnected ara-
mid fiber fabric of said container;

a twelfth layer of interconnected aramid fiber fabric of
said container, said twelfth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said eleventh layer of interconnected
aramid fiber fabric of said container;

athirteenth layer of interconnected aramid fiber fabric of
said container, said thirteenth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said twelfth layer of interconnected
aramid fiber fabric of said container; and

a fourteenth layer of interconnected aramid fiber fabric
of said container, said fourteenth layer impregnated
with polyurethane and with a thickness 0 0.08 inches
encompassing said thirteenth layer of interconnected
aramid fiber fabric of said container.
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2. A composite structure and container assembly for pro-
tection of an explosive ordnance device, comprising:
a composite structure including:

an inner ceramic layer of approximately ninety-percent
high-density alumina positionable to encompass the
explosive ordnance, said inner ceramic layer having a
thickness of at least 0.46 inches;

a first polyurethane layer encompassing said inner
ceramic layer, said first polyurethane layer having a
thickness of at least 0.09 inches;

a stainless steel layer encompassing said first polyure-
thane layer, said stainless steel layer having a thick-
ness of at least 0.40 inches;

a second polyurethane layer encompassing said stain-
less steel layer, said second polyurethane layer having
a thickness of at least 0.03 inches;

an outer ceramic layer of approximately ninety-percent
high-density alumina encompassing said second
polyurethane layer, said outer ceramic layer having a
thickness of at least one inch;

afirstlayer of interconnected aramid fiber fabric impreg-
nated with polyurethane with a thickness of 0.08
inches encompassing said outer ceramic layer;

a second layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said first layer of intercon-
nected aramid fiber fabric;

a third layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said second layer of inter-
connected aramid fiber fabric;

a fourth layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said third layer of intercon-
nected aramid fiber fabric; and

a fifth layer of interconnected aramid fiber fabric
impregnated with polyurethane with a thickness of
0.08 inches encompassing said fourth layer of inter-
connected aramid fiber fabric; and

a container including:

a first layer of steel capable of encompassing said com-
posite structure;

a first layer of interconnected aramid fiber fabric of said
container, said first layer impregnated with polyure-
thane and with a thickness 0f 0.08 inches encompass-
ing said first layer of steel;

a second layer of interconnected aramid fiber fabric of
said container, said second layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said first layer of interconnected ara-
mid fiber fabric of said container;

athird layer of interconnected aramid fiber fabric of said
container, said third layer impregnated with polyure-
thane and with a thickness 0f 0.08 inches encompass-
ing said second layer of interconnected aramid fiber
fabric of said container;

a fourth layer of interconnected aramid fiber fabric of
said container, said fourth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said third layer of interconnected ara-
mid fiber fabric of said container;

a fifth layer of interconnected aramid fiber fabric of said
container, said fifth layer impregnated with polyure-
thane and with a thickness 0f 0.08 inches encompass-
ing said fourth layer of interconnected aramid fiber
fabric of said container;
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a sixth layer of interconnected aramid fiber fabric of said
container, said sixth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said fifth layer of interconnected aramid fiber
fabric of said container;

a seventh layer of interconnected aramid fiber fabric of
said container, said seventh layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said sixth layer of interconnected ara-
mid fiber fabric of said container;

an eighth layer of interconnected aramid fiber fabric of
said container, said eighth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said seventh layer of interconnected
aramid fiber fabric of said container;

aninth layer of interconnected aramid fiber fabric of said
container, said ninth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said eighth layer of interconnected aramid fiber
fabric of said container;

atenth layer of interconnected aramid fiber fabric of said
container, said tenth layer impregnated with polyure-
thane and with a thickness of 0.08 inches encompass-
ing said ninth layer of interconnected aramid fiber;
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an eleventh layer of interconnected aramid fiber fabric of
said container, said eleventh layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said tenth layer of interconnected ara-
mid fiber fabric of said container;

a twelfth layer of interconnected aramid fiber fabric of
said container, said twelfth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said eleventh layer of interconnected
aramid fiber fabric of said container;

athirteenth layer of interconnected aramid fiber fabric of
said container, said thirteenth layer impregnated with
polyurethane and with a thickness of 0.08 inches
encompassing said twelfth layer of interconnected
aramid fiber fabric of said container; and

a fourteenth layer of interconnected aramid fiber fabric
of said container, said fourteenth layer impregnated
with polyurethane and with a thickness 01 0.08 inches
encompassing said thirteenth layer of interconnected
aramid fiber fabric of said container.



