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(S7) Abstract

The mvention provides a grille armor system for use on a armored vehicle. The grille armor system adds an appliqué grille to a
grille to increase the protection provided by the grille armor system. The appliqué grille is designed to add a minimal profile. The appliqué
grille also is designed to allow maximum air flow through the appliqué grille. In the preferred embodiment, the appliqué grille is made of
4 mm thick steal bars place 8 mm apart to provide added protection to aluminum S-shaped louvers against high velocity 20 mm fragment
simulating projectiles.
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Grille Armor Applique

Background of the Invention

The present invention relates generally to grille’s used 1in armored
protection.

In the prior art, aluminum S-shaped louvers formed grilles, which were
used to provide protection for intake exhaust vents on armored vehicles. Current grilles
by themselves do not provide sufficient protection against high velocity artillery threats.

The provision of sufficient protection was a balance between the desired protection and

the desired air tlow.

Summary of the Invention

It 1s an object of an aspect of the invention to provide a method and
apparatus, using an appliqué that gives improved ballistic protection for intake and

exhaust vents.

It 1s another object of an aspect of the invention to provide an appliqué
grille that allows sufficient air flow.

The invention places an appliqué over existing grilles. The appliqué 1s a
grille of parallel bars with a thickness and spacing related to the diameter of the threat
projectile.

According to an aspect of the invention, an armor grille system,
COmMprises:

an armor hull with an aperture;

a grille of louvers extending across the aperture of the hull, wherein the grille has
a first side and a second side, wherein the first side of the grille 1s outside of the hull;

an applique grille extending across the aperture along the first side of the grille,
wherein the applique grille comprises a plurality of metal bars, which have a thickness
and a spacing, wherein the grille louvers have a length, and wherein the grille louvers
have a thickness and are spaced apart by a first spacing, and wherein the metal bars have

a length, and wherein the metal bars have a thickness and are spaced apart by a second
spacing, wherein the ratio of the thickness of the grille louvers to the first spacing is

greater than the ratio of the thickness of the metal bars to the second spacing.



10

15

20

CA 02284746 2004-08-20

la

In accordance with another aspect of the invention, an armor grille

system, COmprises:

an armor hull with an aperture;

a grille of louvers extending across the aperture of the hull, wherein the grille has
a first side and a second side, wherein the first side of the grille 1s outside of the hull;

an applique grille extending across the aperture along the first side of the grille,
wherein the applique grille comprises a plurality of metal bars, which have a thickness
and a spacing, wherein the grille louvers have a length wherein the grille louvers are
parallel, and wherein the grille louvers have a thickness and are spaced apart by a first
spacing, and wherein the metal bars have a length, wherein the metal bars are parallel to
the grille louvers, and wherein the metal bars have a thickness and are spaced apart by a

second spacing; and

a screen on top of the applique grille.

Brief Description of the drawings

Figure 1 1s a cut away perspective view of a preferred embodiment of the
invention mounted on the bull of a vehicle.

Figure 2 is a cross sectional view of the embodiment 1llustrated in Figure

1 along line 2-2.

Figure 3 is a schematic illustration of the embodiment shown in Figure 1.

Description of the Preferred Embodiments

In Figure 1 the hull of an armored vehicle 10 uses a grille 12 as a

protective grille for engine cooling air. An applique grille 13 1s placed over the



10

15

20

25

30

CA 02284746 1999-09-21

WO 98/43035 PCT/US98/05934

2

grille 12 to provide increased protection while maintaining air flow through the
grille 12 at acceptable levels. A screen 14 1s placed on top of the appliqué grille
13 to prevent the ingestion of debris.

Figure 2 1s a cross sectional view of the gnlle 12, appliqué grille 13,
and the screen 14. In the preferred embodiment, the screen is a wire fabric made
of low carbon galvanized steel wire. The wire has a 0.035 inch (0.889 mm)
diameter and forms a 7x7 mesh, which has 7 squares by seven squares per squafe
inch. In the preferred embodiment, the grille 12 1s formed by a plurality of parallel
S-shaped louvers 17. The S-shaped louvers 17 are aluminum. The S-shaped
louvers 17 have various lengths determined by the shape of the grille 12. The S-
shaped louvers 17 have a width 18 of 5 inches (127 mm). The S-shaped louvers
overlap, defined in that when S-shaped louvers overlap there is no straight path in
the direction of the widths of a S-shaped louver and within the grille that does not
encounter an S-shaped louver. The S-shaped louvers 17 are spaced apart center to
center 1.250 inches (31.75 mm). The louvers have a thickness 33 of 0.625 inches
(15.875 mm). They are spaced with a spacing 34 of 0.625 inches apart (15.875
mm).

The appliqué grille 13 i1s formed by a plurality of metal bars 20.
The metal bars 20 are straight and parallel to each other. The metal bars 20 are
also parallel to the S-shaped louvers 17. The metal bars 20 have various lengths
determined by the sﬁape of the appliqué gnll 13. In the preferred embodiment, the
metal bars 20 are made of Armox steel. Preferably, the metal bars 20 are made of
a steel with a Brinell Hardness between 500 and 600. The metal bars 20 have a
width 21 of 0.984 inches (25 mm). The metal bars 20 have a thickness 22 of
0.157 inches (4 mm). The spacing 26 between the sides of the metal bars 20 is
0.315 inches (8 mm), so that the center to center distance 27 i1s 0.472 inches (12
mm). In this embodiment, the metal bars 20 have a rectangular cross section.
Spacers 19 are welded between the metal bars 20 to provide the 8 mm spacing
between the metal bars 20 and to form a frame around the metal bars 20.

The grille 12 has a first side and a second side forming the largest

surface areas of the grille 12. The appliqué grille 13 is placed on the first side of
the grille 12. The screen 14 is place on top of the appliqué grille 13.
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The space to thickness ratio of the appliqué grille 13 is the ratio of
the spacing 26 between the metal bars 20 to the thickness 22 of the metal bars 20,
which would be 8 mm to 4 mm or 2:1. This is greater than the ratio of the
spacing between the S-shaped louvers 34 and the thickness of the S-shaped louvers
33, which would be .625 inches to .625 inches or 1:1. Therefore the appliqué
grille 13 has a 33% greater air space than the S-shaped louver grille 12. This is so
that appliqué grille 13 allows more air flow than the grille 12. |

Figure 3 1s a schematic illustration of how the invention is able to
stop a high velocity 20 mm fragment simulating projectile. Before the projectile
30a encounters the grille system, the projectile may be right circular cylinder with
two small chamfers on the front. The projectile 30b encounters at least one of the
metal bars 20. The projectile 30b breaks through the metal bars 20, but the metal
bars 20 cause the projectile 30b to spread to more of a mushroom shape. The
spread mushroom shape projectile 30c is more easily stopped by the aluminum S-
shaped louvers 17. The appliqué may also break-up the projectile, taking energy
from a single mass and spreading the energy into multiple masses, which are
stopped by the aluminum S-shaped louvers 17.

Smaller projectiles may be stopped by the grille alone and the
appliqué grille 13 enhances the defeat of large high velocity fragments.

In other embodiments, the edge of the metal bars furthest from the
grille are curved to provide an increased aerodynamic shape.

In the prior art, aluminum S-shaped louvers were used to form
grilles for engine air intake and exhaust vents on the Bradley Fighting Vehicle.
Such grilles were able to stop projectile threats up to medium velocity 20 mm
fragment simulating projectiles, but were unable to stop high velocity 20 mm
projectiles. The ads'i.tion of the appliqué grille, provides an armor grille system
that is able to stop high velocity 20 mm projectiles. The appliqué grille does not
harm the air flow through the grille system to provide engine cooling by providing
an airflow area 33% greater than the grille below. The appliqué grill has a low
profile so that it does not interfere with the use of the Bradley Fighting Vehicle.
The center to center spacing of the metal bars in the preferred embodiment is

approximately half the diameter of the maximum threat, which the grille appliqué is
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to protect from. In other embodiments, the center to center spacing of the metal
bars may be between one quarter to three quarters of the diameter of the maximum
threat, which the grille appliqué is to protect from. The spacing between the metal
bars are designed to be close enough to achieve multiple intercepts between the
projectile and the appliqué grille. The ratio of the thickness of the metal bars to
the spacing is in the range between one to four and three to four.

In other embodiments, the appliqué grille may provide an air flow
more than 33% greater than the grille. In another embodiment the length of the
metal bars may be perpendicular to the length of the S-shaped louvers. In another
embodiment, the louvers may be flat and slanted. Another embodiment uses metal
bars made of other high strength metals such as tungsten or titanium.

While preferred embodiment of the present invention has been
shown and described herein, it will be appreciated that various changes and
modifications may be made therein without departing from the spirit of the

invention as defined by the scope of the appended claims.
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CLAIMS

]. An armor grille system, comprising:

an armor hull with an aperture;

a grille of louvers extending across the aperture of the hull, wherein the
grille has a first side and a second side, wherein the first side of the grille is
outside of the hull;

an applique grille extending across the aperture along the first side of
the grille, wherein the applique grille comprises a plurality of metal bars,
which have a thickness and a spacing, wherein the grille louvers have a length,

and wherein the grille louvers have a thickness and are spaced apart by a first

spacing, and wherein the metal bars have a length, and wherein the metal bars

have a thickness and are spaced apart by a second spacing, wherein the ratio of

the thickness of the grille louvers to the first spacing 1s greater than the ratio of

the thickness of the metal bars to the second spacing.

2. The armor grill system, as claimed 1n claim 1, wherein the gnlle

louvers are parallel and wherein the metal bars are parallel to the grille

louvers.

3. The armor grille system, as claimed in claim 2, wherein the grille

louvers have an S-shaped cross section.

4. The armor grille system, as claimed 1n claim 3, wherein the grille

louvers are made of aluminum.

5. The armor grille system, as claimed i1n claim 4, wherein the metal bars

are made of a metal with a Brinell Hardenss greater than 500.

6. The armor grille system, as claimed 1n claim 5, wherein ratio of the
thickness of the metal bars to the spacing 1s in the range between one to four

and three to four.

7. The armor grille system, as claimed in claim 6, wherein the ratio of the
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thickness of the metal bars to the spacing is one to two.

8. The armor grille system, as claimed in claim 7, wherein the metal bars

are 4 mm thick and spaced 8 mm apart.

9. The armor grille system, as claimed 1n claim 7, wherein center to

center distances between the metal bars are substantially equal to have of a

-diameter of a maximum threat projectile for which the armor grille system was

designed to defeat.

10. The armor grille system, as claimed 1n claim 9, further comprising a

screen on top of the applique grille.

11.  An armor grille system, comprising:
an armor hull with an aperture;
a grille of louvers extending across the aperture of the hull, wherein the

grille has a first side and a second side, wherein the first side of the grille is

outside of the hull;

an applique grille extending across the apertufe along the first side of
the grille, wherein the applique grille comprises a plurality of metal bars,
which have a thickness and a spacing, wherein the grille louvers have a length
wherein the grille louvers are parallel, and wherein the gnille louvers have a
thickness and are spaced apart by a first spacing, and wherein the metal bars
have a length, wherein the metal bars are parallel to the grille louvers, and
wherein the metal bars have a thickness and are spaced apart by a second
spacing; and

a screen on top of the applique grille.

12. The armor grille system, as claimed in claim 1, wherein the ratio of the
thickness of the grille louvers to the first spacing 1s greater than the ratio of the

thickness of the metal bars to the second spacing.

13. The armor grille system, as claimed in claim 12, wherein the grille

louvers have an S-shaped cross section.
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14. The armor grille system, as claimed 1n claim 13, wherein the grille

louvers are made of aluminum.

15. The armor grille system, as claimed in claim 14, wherein the metal

bars are made of steel.

16. The armor grille system, as claimed in claim 15, wherein the ratio of
the thickness of the metal bars to the spacing is in the range between one to

four and three to four.
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