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AN ARMOUR ELEMENT

This invention primarily relates to armour for vehicles, but the inventive concept
can be applied to other situations, for example, ships or parts thereof, buildings,

and even personal armour.

Perforated armours are known and can work well when fabricated from very
hard, brittle metals such as High-Hardness Steel (HHS). In this specification High
Hardness Steel means a steel having a hardness greater than S00Hv. A new
steel known as Super Bainite Steel (SBS) has been described in
PCT/GB2009/050947 and its potential application to armour has been described
in UK Patent Application 0914665.5 (both incorporated herein by reference).
Super Bainite Steel in accordance with PCT/GB2009/050947, is an example of
HHS.

Super Bainite Steel is a carbide free bainite steel which comprises between 90%
and 50% bainite, the rest being austenite, and in which excess carbon remains
within the bainitic ferrite at a concentration beyond that consistent with
equilibrium; there is also partial partitioning of carbon into the residual austenite.
Such bainite steel has very fine bainite platelets (thickness 100nm or less). In
this specification the expression "Super Bainite Steel” is used to refer to such

fine bainite steel.

Brittle armour materials can suffer significant cracking under ballistic impact,
reducing the multi-hit capability of the material. Perforations in these materials
can limit crack propagation since each perforation acts as a 'firebreak’ in a
similar way to 'segmented' armours. Perforating a plate has the additional

benefit of decreasing the overall mass of the plate.

Commonly, perforated armours (such as perforated steel known as MARS300
from Industeel) use circular perforations. The ability to make circular perforations
of a small diameter is limited by the thickness of the plate and the difficulty of
stamping small holes. Drilling, water jet cutting, laser cutting the holes in large
plates is time consuming and thus not a particularly economic manufacturing

process.
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As a result of these fabrication problems, the diameter of the perforations may be
larger than the core size of small arms projectiles. This means that a proportion of
projectiles can go through the holes, and thus through the armour, without touching

the armour material at any point.

Accordingly the present invention provides an armour element comprising high
hardness steel provided with a plurality of slots passing through the element, said
slotted element comprising no less than 55% the areal density of the

unperforated, monolithic element.

Preferably the areal density of the slotted element is in the range 55% to 65%
of the areal density of the unperforated, monolithic element. An areal density of
less than 55% resuits in the webs between the slots being insufficiently strong
to resist the impact of heavy caliber weapons, whereas an areal density of
greater than 65% of the unperforated, monolithic elemant does not provide
sufficient weight reduction to offset the increased cost of manufacturing of

perforated armour.

Preferably the width of said slots is designed to be less than the core size of a
projectile from the minimum caliber weapon capable of penetrating the hull of a
vehicle; generally this is considered to be a 5.56mm caliber weapon with a
projectile having a core diameter of 5mm. To prevent such a projectile passing
through the slots in such an armour element, even by squeezing, the slots’
width should be 4.9mm or less. Ideally the slot width is substantially 4.5mm,
since slots having lesser width become increasingly difficult to manufacture by
pressing without high tooling breakages rates, and as the slot width increases
towards 4.9mm the statistical risk of a projectile from a 5.56mm weapon

passing through the slot increases.

Ideally the ends of each slot are rounded as this helps reduce crack

propagation.

Slots may be arranged in parallel rows, which are preferably offset such that
the webs between slots in one row are aligned with the slots in an adjacent
row. In order to provide desirable strength the pitch of the rows (the distance
between the mid-point of one row and the mid-point of the next row) is greater
than twice the width of the slots.
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The length of the slot is determined by the wished for areal density. For an
areal density of 60% and a slot width of 4.5mm, the slot length is 14mm, with a
semi-circular end, in plan portion, of 2.25mm radius at each end of each slot if

the pitch is set at 9.5mm.

it is beneficial to use the perforated armour element in accordance with the
invention with some kind of additional rear panel, normally with an air gap
between, such that in use the rear panel is provided between the armour element
and the item to be protected. It is preferred that this rear panel comprises a spall
liner material such as glass fibre sheets or Keviar®. However, ultra-high
molecular weight polyethylene (UHMWPE) is the preferred spall liner material.
The spall liner aims to catch the fragments from the perforated plate and the
fractured projectile. The projectile will hit some part of the armour and break off a
small segment; this may be one single piece or several. The projectile core is
also likely to be damaged. These fragments will have momentum, and as a
result there will be multiple, slower impacts on the spall liner rather than a single,

pointed bullet impact on the outer armour element.

The armour itself may be a single sheet covering the area to be protected, or
several individual elements each comprising a sheet of armour material fixed in
such a way as that between them they cover the area to be protected, or an
armour may comprise a comparatively larger number of individual tiles
comprising elements according to the invention placed together to protect the
area concerned. Armour comprising a plurality of individual elements or tiles may
have an advantage in that a damaged element may be easily replaced, armour
made of a single element may be less easy to deal with should it be damaged.

The preferred method of manufacturing the armour elements is by stamping,

although laser or water jet cutting can be used, but is slow.

An economic process for the manufacture of elements might comprise, forming
an alloy comprising by weight percent: carbon 0.6% to 1.1%, manganese 0.3%
to 4%, nickel up to 3%, chromium 0.5% to 1.5%, molybdenum up to 0.5%,
vanadium up to 0.2%, silicon 0.5% to 2% , and the balance iron save for
incidental impurities, cooling the steel from austenite to pearlite, and forming into
sheets of the required thickness for the armour element, stamping the sheets to

3
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form a plurality of slots, reheating the steel to an austenitic state and cooling
sufficiently quickly to avoid the formation of pearlite from a temperature above its
austenitic transition temperature to a transformation temperature above its
martensite start temperature but below the bainite start temperature and holding
within that temperature range until fully transformed to Super Bainite Steel.
Preferably the manganese content is about 1%. This process has the advantage
that the stamping occurs when the steel is in a soft pearlite form, before it is

transformed into its high hardness state.

The invention will now be described, by way of example, with reference to the

accompanying drawings in which:
figure 1 shows an armour element according to the present invention;
figure 1A shows detail of a part the element;

figure 2 shows a schematic section of an armour through an armour element

according to the invention and a spall liner; and

figure 3 illustrates a manufacturing process used to make a Super Bainite Steel

armour element according to this invention. .

In figure 1 an armour element 510 comprises a sheet of hard steel, typically
this will be High-Hardness Steel (HHS) or Super Bainite Steel (SBS), having a
hardness above 500Hv.

The element 510 has a plurality of slots penetrating though the element. The slots
are aligned longitudinally with one another in a plurality of parallel rows 521, 522,
523 etc. such that the webs 531 between slots in one row 521, aligns with the
middle of the slots in the adjoining row 522 to ensure reasonable support for the
slots. In this case, which illustrates armour suitable to resist 5.56mm rounds, the
slots 512 are 4.5mm wide and have parallel sides 514 each 14mm long. The end
of the slots 516 are semicircular in plan and have a radius of 2.25mm. The pitch
of the rows (i.e. the distance between the mid-point of one row and the mid-point
of the next row) is just over twice the width of the slots - 9.5 mm. In this
configuration the areal density of the slotted element is 60% that of the
unperforated monolithic element. The areal density can be reduced further by
increasing the length of the parallel sides 514, decreasing the separation of the

slots in a row, or decreasing the pitch between rows. However, major changes
a4
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will reduce the areal density below 55% at which point the ability of the armour to
resist impact is compromised. Changing the dimensions in the opposite direction
will have the opposite effect and increase areal density, but above 65% areal
density the benefits of the reduced armour weight are compromised by the cost of

manufacture of perforated armour.

Figure 2 is a schematic cross section of the armour element 510 of figure 1
attached to a vehicle 550. The armour is bolted by bolts 544 to upstanding lugs
542 in the vehicle wall 552, the armour element is, in this case 8mm deep, and as
can be seen the slots 512 penetrate through the element. Between the armour
element and the vehicle a spall liner 546 is pinned with pins 548. This liner
comprises ultra-high molecular weight polyethylene (UHMWPE). The spall liner’s
purpose is to catch the fragments from the perforated plate and the fractured
projectile after a projectile has hit the armour element to prevent them from
penetrating the vehicle wall 552. The armour element is separated from the spall

liner 546 by an air gap 554.

Figure 3 illustrates the manufacturing steps of the armour element of figure 1 and
2. A steel is allowed to cool from a high temperature (above its austenite
transition temperature) as large thick plates, often in stacks. The cooling rate is
naturally about 2°C/ minute, which is sufficiently slow to enable a fully pearlite
phase to form. The plates are then heated again to above 850°C to austenitise
them. The hot material is passed through rolling mills to form strip steel, in this
example, 8mm thick and coiled. Obviously the thickness can be greater or less
than the range given to suit the armour requirement. The thermal capacity of the
coil restricts the cooling rate sufficiently to ensure that pearlite is again formed as
the material cools to ambient (room in this case) temperature (RT). This is
conveniently achieved by allowing the coiled steel to cool in air naturally over 48
hours, for example. At this stage the coils can be de-coiled and cut into plates or
reheated to anneal it before allowing it to cool to ambient temperature. Once
back to ambient temperature, room temperature in this example, (RT in Figure
1B), it can be stamped with the slots before undergoing a final austenisation and
the bainite transformation step. At this stage it is in individual pieces and cools
after this austenitisation much more rapidly thus avoiding passing through the
pearlite phase. Once it has reached a temperature of 190°C to 260°C, it is held

5
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at that temperature to allow the bainite transformation step to be completed. The
exact bainite transformation period required depends on the manganese content
of the steel, the lower the manganese content the shorter the transformation time
required. A preferred material containing about 1% manganese can be

transformed in 8 hours.

The rolling step may be carried out immediately during the initial cooling stage,
coiled and allowed to cool further before decoiling, thus omitting two steps shown

in the figure.
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CLAIMS

1.

10.

11.

12.

An armour element comprising high hardness steel provided with a
plurality of slots passing through the element, said slotted element
comprising no less than 55% the areal density of the unperforated,
monolithic element.

An armour element according to claim 1 wherein the areal density of
the slotted element is in the range 55% to 65% of the areal density of
the unperforated, monolithic element.

An armour element according to claim 2 wherein the areal density of
the slotted element is substantially 60% of the areal density of the
unperforated, monolithic element.

An armour element according to any one of claims 1 to 3 wherein the
width of said slots is less than the core size of a 5.56mm caliber
weapon projectile.

An armour element according to claim 4 wherein the width of said slots
is 4.9mm or less.

An armour element according to claim 5 wherein the width of said slots
is substantially 4.5mm.

An armour element according to any preceding claim wherein the ends
of the slots are rounded.

An armour element according to any preceding claim wherein the slots
are arranged in a plurality of parallel rows.

An armour element according to claim 8 wherein the slots in one row
are offset against the slots in an adjacent row.

An armour element according to claim 8 or 9 wherein the pitch between
adjacent rows is greater than twice the width of the slots.

An armour element according to any preceding claim wherein a rear
panel is mounted between the armour element and the item which the
armour element is protecting, said rear panel comprising a spall liner
material.

An armour element according to claim 11 wherein the spall liner material
is ultra-high molecular weight polyethylene (UHMWPE).
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13.

14.

15.

16.

An armour element according to claim 11 or 12 wherein an air gap is
provided between the armour element and the rear plate.

A method of manufacturing an armour element in accordance with any
preceding claim comprising the steps of:

a) forming a steel comprising by weight percent: carbon 0.6% to 1.1%,
manganese 0.3% to 4%, nickel up to 3%, chromium 0.5% to 1.5%,
molybdenum up to 0.5%, vanadium up to 0.2%, silicon 0.5% to 2% , and
the balance iron save for incidental impurities;

b) cooling the steel from austenite to pearlite;

c) forming into sheets of the required thickness for the armour eiement;
d) stamping the sheets to form a plurality of slots;

e) reheating the steel to an austenitic state and cooling sufficiently
quickly to avoid the formation of pearlite from a temperature above its
austenitic transition temperature to a transformation temperature above
its martensite start temperature but below the bainite start temperature
and holding within that temperature range until fully transformed to super
bainite.

An armour element substantially as hereinbefore described with
reference to the accompanying drawings.

A method of manufacturing an armour element substantially as
hereinbefore described by reference to the accompanying drawings.
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