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vehicle – in contrast to explosive reactive
armour (ERA). Non-explosive reactive armour
is now available, while some companies,
including Switzerland’s RUAG, offer ERA 
that confines its explosive reaction to a 
‘very limited area’, reducing the potential for
collateral damage.

A LIGHTER SOLUTION

However, an all-round bar armour installation in
steel is heavy. Seeking a quick way to provide
RPG protection for High Mobility Multipurpose
Wheeled Vehicles within a strict weight limit,
DARPA asked industry for solutions. BAE

As well as radically reshaping armoured vehicles, the asymmetric threats
faced over the last decade have concentrated minds on the technology
of armour itself. Peter Donaldson discusses recent trends.

Systems responded with the L-Rod, a bar
armour that is made from an aluminium alloy.
The product, according to the company, weighs
less than half of what a comparable steel
design would, and bolts onto the vehicle
without welding or cutting. Its modular design
also allows it to be repaired easily in the field.

L-Rod now protects a wide range of vehicles,
and the US Army continues to buy kits, which
are built on an automated production line in
Austin, Texas. Commenting on last October’s
$11 million order from the army for 390 kits and
field service support, Neil Piscitelli, a director at
BAE Systems’ Austin facility, said: ‘We’ve

T hreats such as RPGs and IEDs,
combined with ubiquitous small arms,

heavy machine guns, mortars and the occ-
asional autocannon that are coming from all
directions in claustrophobic urban canyons,
have taxed conventional protection technology
for just about any AFV less well protected than
a MBT to the limit and beyond. IEDs that use
explosively formed projectiles (EFPs) have
proven particularly hard to counter. A new
challenge has been the need to provide
protection for every kind of support vehicle,
which traditionally have been soft-skinned,
deployed in Iraq and Afghanistan.

The military and industry have responded 
by questioning established assumptions, 
giving new life to long-forgotten concepts and
nurturing new ideas. Arguably the most
important of these efforts is the application of
new materials that have the potential to protect
vehicles and crews from multiple threats without
adding unacceptable weight and bulk. Some
solutions involve fundamental breakthroughs in
materials science, while others involve innovative
applications of very simple low tech.

One that falls into the latter category is bar
armour. Also known as cage or slat armour, this
is an old concept that dates back to World War
II. The idea is that the bars of the ‘cage’ are too
closely spaced to allow an RPG’s shaped-
charge warhead to pass through, and either
trigger it prematurely or distort it so that it
initiates improperly.

Bar armour thus offers protection, while
presenting no hazard to anyone near the 
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‘One promising
technology funded
under this programme
is metal matrix
composite armour.’ 

�

US Army soldiers
of the 8th Engineer
Battalion connect
BAE Systems’ 
L-Rod bar armour
to an RG-31 
MRAP vehicle at
Kandahar Airfield.
(Photo: USAF)
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delivered more than 2,500 total kits to date, and
now more are on the way.’

A lightweight alternative to bar armour is
RUAG’s Light Armour System against Shaped
Ordnance (LASSO) – a product that looks like
a section of chain-link fencing bolted to the side
of an armoured vehicle at a stand-off distance
of around 40cm. The company claims that
LASSO’s thin, high-tensile steel netting weighs
less than 20kg per square metre, and offers
multi-hit capability and easy replacement in the
field without special tooling. Company literature
shows the results of a test against an RPG
warhead, which made a hole in the netting, but
caused negligible damage to the armour 
behind it.

Seeking a quick way to repair damaged 
bar armour in the field, the UK MoD turned 
to the Defence Science and Technology
Laboratory (DSTL) and AmSafe, which
developed QuickShield netting. Resembling a
string vest, it can be stored in any vehicle and
fitted immediately without special tools,
according to DSTL. ‘QuickShield may look like
a simple net, but it is far from that,’ said Maj
Gareth East, a member of the specialist and
logistic vehicles project team at the UK Defence
Equipment & Support organisation. ‘This kit is
capable of stopping a potentially lethal RPG in
its tracks.’ British forces in Afghanistan are to
receive QuickShield kits under a £2.6 million
($4.3 million) contract announced in March.

QuickShield employs the new Tarian textile-
based technology that has been developed as
an alternative to bar armour. It is half the weight
of aluminium bar armour, yet equally effective,
and can be used to provide RPG protection 
for those vehicles unable to carry the weight of
bar armour, according to the developers.
Created under the Parsifal accelerated armour
development effort, the product has undergone
hundreds of trials in which it was fired upon by
what DSTL describes as a highly accurate
tube-mounted launch system for RPGs.

‘Tarian has been tested to the highest
standards using a variety of grenades, rockets
and small arms fire at different angles,’ the
organisation states. It has also passed flame

‘Q-Flo’s carbon
nano-tubes have
the potential to
revolutionise the
defence industry.’
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retardant tests to prove its resistance to petrol
bombs, along with cutting and abrasion
experiments to evaluate its ability to withstand
general battlefield wear and tear. In its initial
configuration, the armour has been fitted to
British Heavy Equipment Transporter trucks in
Afghanistan since 2009.

RISING TO THE 

ARMOUR CHALLENGE

DSTL is also pursuing innovations in more
traditional armour materials such as steel. In
March 2010, the organisation announced that
it was working with steel manufacturer Corus

to commercialise a new material known as
Super Bainite, which it describes as an ultra-
hard steel with holes in. 

‘It sounds like a crazy idea, but introducing
holes doubles the ballistic performance of
Super Bainite, as well as halving its weight,’ 
said Peter Brown, who led the DSTL research
team that developed the material. ‘This is
because when a bullet hits, it’s always near to
the edge of a hole. This causes the bullet to
topple over, turning it from a sharp projectile
into a blunt fragment, which is easier to stop.
The holes are, of course, too small to enable a
bullet to pass through.’

DARPA continues to champion the develop-
ment of new armour technologies through its
Vehicle Armor Challenge (VAC) programme,
one key goal of which is to find armour that
weighs less than 18lb per square foot, while
still being able to stop two designated
projectiles – the 7.62mm APM2 armour-
piercing bullet and 20mm fragment-simulating
projectile (FSP). The VAC is intended to attract
innovative solutions from small companies, 
and help them produce workable solutions
rapidly. Companies that have taken up the
challenge include: CPS Technologies; Deep
Springs Technology (DST); Mav6; a team
consisting of Riley Solutions and NanoRidge;
and Modumetal. �

AmSafe is
producing
QuickShield 
kits, made of
Tarian, for use 
by British forces
in Afghanistan 
to replace
damaged or
missing bar
armour. 
(Photo: AmSafe)
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One promising technology funded under this
programme is metal matrix composite (MMC)
armour. MMCs are analogous to more familiar
polymer matrix composites, such as carbon-
fibre reinforced plastic, but with metal instead
of polymer as the bulk material that contains the
reinforcement. Those that combine at least
three materials are known as hybrid composites.

For a given weight or thickness, for example,
MMCs can be stiffer, tougher, stronger or
harder (or exhibit combinations of these
properties) than any metal alone. The rein-
forcement can be in the form of continuous
fibres, whiskers, grains, spheres, etc, with 
the final properties of the composite depending
on the materials themselves and how they 
are combined.

One example is CPS Technologies’
HybridTech MMC armour. Modules of this
protection are made of multiple materials
completely enveloped within, and mechanically
and chemically bonded to, lightweight and stiff
aluminium MMCs, according to the company.
‘CPS HybridTech Armor modules offer a
lightweight, multi-hit-capable and cost-
competitive alternative to conventional steel,
aluminium and ceramic-based armour systems,’
states CPS.

The company is also being funded by the US
Army Research Laboratory to continue
developing manufacturing technologies for large
HybridTech modules, receiving just over $1.9
million in January 2011 as part of a four-year
plan funded by the US DoD’s Manufacturing
Technology Program.

WEIGHT CONTROL

MMC materials also feature in DST’s Light-
weight Syntactic Armour Material, which
consists of small hollow silicon carbide spheres
encapsulated in metal. ‘This composite material
is up to 39% lighter than traditional light-
weight aluminium alloy armour plate, and 
has novel energy-absorbing properties that 
solid materials do not exhibit,’ says the company.
‘This composite may be used to supplement
existing armour systems and increase its

effectiveness by reducing system weight, 
while simultaneously increasing the blast
mitigation properties.’

Mav6 (formerly Ares Systems Group) has
developed the EXO Scale-LA armour that
consists of a proprietary composite structure
designed to deform and redirect incoming
projectiles. The material is also designed to
withstand multiple hits, partly by ensuring that
damage from a ballistic impact does not extend
over a distance greater than two or three times
the projectile’s calibre, according to Jerome
Holton, speaking in 2008 as the company’s
chief technology officer when it entered the
VAC programme.

The protection has two additional strengths,
according to the company: its low density
allows for up to 38mm of armour to be used,
while still being lighter than conventional rolled
homogenous armour; and the components are
low in cost and readily available.

Some VAC contenders are using nano-
materials, which are defined by particle sizes of
less than one tenth of a micron in at least one
dimension. Such tiny sizes can have profound
effects on a wide variety of properties, including
the mechanical strength and impact resistance

of materials such as metals, ceramics and
carbon – in the form of carbon nano-tubes 
for example.

One of these contenders is Modumetal, a
small company that is developing a material of
the same name, produced by growing 3D,
nano-laminated metal alloys said to be much
lighter than steel, while outperforming it in
energy absorption and ballistic protection. The
company also expects the material to resolve
issues that are commonly associated with in-
service ceramic armours, such as high cost and
poor multi-hit performance.

Riley Solutions, which teamed up with
NanoRidge for the VAC in July 2010, is offering
composites that incorporate nanomaterials for
mechanical reinforcement. ‘Specialised and
patented processes adapt the highly versatile
chemistry of carbon nano-tubes, altering its
natural bundles to create stronger dispersed
linkages that can then be incorporated into
armour composites,’ says the company. Riley
also states that it will be possible to incorporate
health and status monitoring functions into
armour panels, along with heat signature
management and other advanced functions,
and that the material is available in curved and
complex shapes.

FOURTH GENERATION ARMOUR

Germany’s IBD Deisenroth Engineering, 
which has been developing advanced materials
for 30 years, has announced big improve-
ments in armour performance through the use
of nanometric ceramics and steel, and has
developed modular protection systems based
on this technology. ‘It is very painful and costly
and it moves slowly, but in 2008 and 2009, we
definitely had breakthroughs in the area of
ceramic and steel nanomaterials,’ Ulf Deisenroth,
president of the company, said at International
Armoured Vehicles 2010 in London.

‘We are generating materials which are
absolutely superior to the existing materials �

RUAG developed the SidePRO-LASSO, shown here mounted on a Danish Army M113 APC
in Afghanistan, as a lightweight system to protect against RPG attacks. (Photo: Danish HOK)

CPS has developed a technology for
improving the toughness of ceramic tiles in
composite armour systems by selectively
reinforcing them with metal and metal
matrix composites. (Photo: CPS)
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on the market. There is a big difference in the
microstructures between the normal and the
nano-ceramics – the grain size is very, very small
[and] we get much higher bonding strength
between the grains.’

These materials form the basis of what 
the company describes as its fourth gener-
ation armour, marketed under the Advanced 
Modular Armour Protection brand – kits
incorporating this technology are already in
service. Compared with high-performance
standard ceramic armour, the nano-ceramic
material exhibits much greater ductility and 
crack resistance.

‘In a 100x100 tile, we can place three hits,
which is completely impossible with today’s
state-of-the-art ceramics,’ said Deisenroth.
Referring to tests using 14.5mm projectiles, he
said that ‘when you shoot at a nano-ceramic
tile, you have very minor shattering, but no
cracks – this solves the multi-hit problem’. Nano-
ceramics also offer significant weight savings.
‘We are talking here about weight reductions
of between about 20 and 25% against the best
solutions that we have available today,’ he said.

Turning to very fine grained nanometric steels,
Deisenroth said that the company has achieved
‘fantastic’ multi-hit capabilities, but, more
importantly, has also achieved protection levels
previously only available from high-performance
ceramic face armour. Compared with con-
ventional armoured steels, their nanometric
equivalents are claimed to weigh around 30%
less. Perhaps more importantly, these materials
can also be incorporated into the primary
structure of new vehicles at the design stage,
while offering cost-effective add-on solutions
for upgrades, according to the company.

The armour also provides effective protection
against EFP weapons, which are some of the
most deadly threats faced by armoured vehicle
crews. Deisenroth showed a film of an EFP test
against a standard thin-walled vehicle, where
thousands of fragments penetrated the hull,
giving any occupants no chance of survival,
even with a spall liner, and also generated very
high overpressures. In contrast, a comparable

vehicle with a fourth-generation armour kit
managed to protect the test dummy inside. ‘We
can protect vehicles quite well with five or six
millimetres of armour against this very heavy
threat,’ he said.

In February of this year, the company
announced further improvements in nano-
ceramics technology, reducing weight by more
than 40% compared to standard armour. For
example, a kit providing protection up to
STANAG 4569 Level 3 with the new tech-
nology would weigh 32kg per square metre,
compared with a typical weight of 60kg per
square metre with standard technologies,
according to Deisenroth. This kit also provides
protection against the 20mm FSP, previously
only possible with Level 4 protection.

RUAG also claims EFP protection capability
for armoured vehicle floors using a light armour
plate combined with intermediate flooring and
reorganisation of interior equipment. This, says
the company, will protect against TNT blast
mines of up to 10kg along with EFP and CE
mines such as the TMRP-7.

TUBULAR REVOLUTION

Leading Israeli armour house Plasan is also
exploiting the potential of nanotechnology, and
in November 2010, the company announced
a joint venture with Q-Flo, a commercial spin-
out from the University of Cambridge. The joint
venture is known as TorTech Nano Fibres, and
it will produce carbon nano-tube fibre in Israel
for use in both vehicle and body armour. The
new material is stronger than Kevlar and other

ballistic fabrics, but still flexible and lightweight,
says the company.

‘We are delighted to partner with Plasan to
further develop the world leading research by
Prof Alan Windle and Dr Martin Pick,’ said 
Dai Hayward, CEO of Q-Flo. ‘Through TorTech,
we intend to produce a carbon nano-tube-
based yarn, which can be woven into the
strongest ever man-made material. Plasan’s
expertise will then enable the design and
production of a revolutionary new range of body
and vehicle armour.’

‘Carbon nano-tube fibres could lead to a
breakthrough in structural composite and
lightweight armour applications,’ said Dan Ziv,
CEO of Plasan. ‘This is an exciting venture,
since we believe Q-Flo’s carbon nano-tubes
have the potential to revolutionise the defence
industry with a new range of lightweight, flexible
and incredibly strong armoured material.’

The announcement of this partnership closely
followed that of another between Plasan and
TPI Composites, a US company known for its
innovations in manufacturing techniques for
composite materials. The two companies
formed a joint venture known as Armored
Chariots, in order to develop the next generation
of crew compartments for military vehicles.

Innovative, tailored combinations of new
materials such as these seem to be tipping the
balance of power in the eternal struggle
between sword and shield in favour of the
defence, at least as far as the main asymmetric
threats are concerned. However, history shows
that all such advantages are temporary. LWI

An example of the
combined application of

IDB’s nano-ceramics and
nanometric steel armour,

which provides ballistic
and IED protection for
the Iveco 4x4 Medium

Protected Vehicle.
(Photo: IBD)

IBD has focused its development activities on opaque and
transparent nano-ceramics and nanometric steel. (Photo: IBD)
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