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Figure 11, The MEXAS™ armor panels mounted on the Canadian LAY TITAPC

5.6 Greneral Motors Defense Systems

The 115, Army has initiated a major development program 1o transform the
existing family of heavy vehicles to a lighter, more agile and deployable lorce.
The Future Combat System (FCS) is planned for fielding by 2015, As part of the
teansformation, a contract to purchase an interim [amily of light vehicles under the
Interim Erigade Combat Team has been awarded 1o GM GDLS Defense Group
L.IL.C. of Sterling Teights, Ml [24]|. Among the many varianis is the Inflantry
Combatl Vehicle (ICV) shown in Figure 12, Bascd on the TAV T chassis and
hull, the 1CV mounts a version of the MEXAS™ system of TRBD. The similarities
in the design and mounting arc visible.

Ihotes Ceuriesy Promeam Manager Heipgade Cosnbat Team

Figure 12 The 10 of ihe Inirim Brigude Combal Team utilizes the IBD MEXAES™ mpplique

Ihe GM GIILS contract indicates the 10V is to have overhead and all around
protection for the squad and crew from 152-mm Artillery high explosive arhurst
at an undisclosed distance from and above the vehicle. The ICV shall also provide
integral 360" and overhead squad and crew protection from 7.62-mm AP threats
and 3607 squad and crew protection from [4.5-mm AP ammunition, both fired
from undiscloscd impact conditions, The IOV shall also provide the capability to
mount add on armor packages o protect against hand held shaped charge
warheads up 1o and including the RPCG-T.

5.7 Textron Marine and Land Systems

Textron Maring and Land Systems of Mew Orleans, LA is the prime fabricator
for two intercsting applications ol ceramic compaosites, the US. Army Amored
Security Vehicle (ASV) and the Marine Corp Landing Craft, Air Cushion (LCAC)
vehicle (Figure 13). On the initial vehicle procurement, the ceramic composile
armur kil on the ASY was produced by Simula Safely Systems ol Phoenix, AX,



Extensive testing of AAAV armor at tight multi-hit distances was required for
engincering  development and  Government  validation tests. The AAAV
SURMAX™ gide armor panel on the lefl of Figure 16 is a wpu:-al validation
targel, after four partial penetrations, -
three with 14.5-mm AP and onc with
a simulated artillery [ragment. Shots
1 and 2 arc located 101-mm (47)
apart. Shown on the right is 2 multi-
hit tost pancl with ten 0.50-caliber
AP impacts for the AGMS, all partial
penetrations with the tenth shot at a

Fhadnn {amrlesy {eneral I'hllmlnn Land Sywicms

distance of 76-mm {37) from ong Long Sroiome

prﬂ'imm shisl. Figure 16, Ballistic hMulti- Im I:Ju:llul'c..nlum Je-'.l-:
for the AAAV and the AGMS

5.9 Simula Incorporated

simula Incorporated, Phoenix, AZ has been a designer and fabricator of
ceramic composite armor components since 1970 for a wide range of products
from helicopler seats, aircraft armors, body armors and ceramic composile
appliques for a range of vehicles. Figure 17 shows some of Simula’s ceramic
components. On the left is an AT164 helicopler seal that is fabricated from hot-
pressed Cercom boron carbide on kevlar backing; the middle picture shows the
Interceptor body armor vest with hot pressed ceramic lile mserts; and the photo on
the night shows onc-picce sintered silicon carbide plates made by M-Cubed of
Monroe, CT which alse can be uscd in the Interceptor vest.

Figure 17, Simuls prosdueis: (L) AlSS Helicopter seat, (M)
Cerpmic Insens for the Tnereeptor Body Armor vest, (R) Sintered
““silion corbide onc-picee inserts tor body armor applications

5.10 United Defense Limited Partnership

The CGround Systems Division of United Defense Limited Partnership
(UDLP), limdquaﬂerf;'d m York, PA 15 one of the largest ground vehicle
fabricator’s in the U5, The use of ceramic mmpmﬂc materials and structures hag
heen in development  for T ;
many years and UDLP has
progressed  throush  three
generations of systems. The
first gencration development
was the Composite Iafantey
Combat Vehicle technology &
demonstrator (Figure  18) Figure 18, 1" Generation (1Y with 1313 tiles




based on a MEXAS™ license from IBD. Textron is currently working on a new
compwsile armor design, The ASV offers front, rear and side protection from 0.50-
caliber armor-prercing ammunition. The LCAC is a high-speed, over-the-beach
fully amphibious, landing cralt capable of carrying a 60-75 ton payload, Critical
arcas of the vehicle including the wrbine housings are also protected with a
Simula-developed, aluminum oxide composite.

——— o = Photos Courtesy Textron
Fimure 13. The Textron ASY and LCAC vehicles both mount compasne @rmors

5.8 General Dynamics Land Systems

General Dynamics Land Systems Division (GDLS), Stedding Heights, MI has
licensed and acquired an advanced, lightweight armor technology, named
SURMAX™ Armaor. This armor technology 15 used on the sides and rear of the
hull and the sides of the turrel of the 11.S. Marine Corps' Advanced Amphibious
Assault Vehicle (AAAV) o prodect the vehicle from 14.5-mm AP threats and
artillery fragments (Figure 14).

SURMAX™ ¢onsists of a coramic composite front panel attached to an armor
backing. The backing can be a composite material (such as Kevlar or S-glass) or
the struciure of a vehicle (such as alummum, steel, or titanium). The combination
of the [ronl panel and the backing are wsed 1o stop the penctrator and the
application of SURMAX™ on the spacelrame structure of the AAAY is shown in
Figure 14, SURMAXT™ i3 also used on the 11.5. Army's wheeled Armored Ground
Mobility System (AGMS) and the flexible panels can be fit W curved surfaces
such zs whee] wells (Figure 15).
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Figure [3. SURMAX™ on AGMS with curvesd panels in whes] wells



which replaced most of the aluminum struciure of the M2 Bradley Fighting
Vehicle with a 8-2 glass reinforced composite. This allowed the demonstration of
bonding of titanium diboride tiles to the hull sides for 14.5-mm protection. Tile
spacing and cutouts arc visible.

The 2™ peneration UDIP
ceramic composite armors can be sl o B Photns Courtesy NP [
seen  in the  well-designed e it : '
ballistic protection of the ME
Armmored Gun System (Figure
19). The M2 is firted with bolt-on
appliques and boxes that can
provade  different levels  of
protectiion from KE penetrators
e  hand-held  shaped  charge
warheads. The  ceramic
composile  shows  multiple 8
impacts  of 7.62-mm AP S5 : -
P‘mj ectiles on the test P"]n'::l- FFipure 19 MR posdveldhinped chorpes armiors being l@sied

ey ok | P i

The 3 generation UDLP armor is seen in the Composite Armored Vehicle
(CAV) technology demonstrator (Figure 20). The CAY incorporates full spectrum
protection inlo the vehicle design, including 7.62-mm hull prodection as well as
enhanced 30-mm preotection to the crew station. The multi-hil performance of the
hex tiles used in the hull design as well as the excellent multi-hil protection of the
silicon carbide/titanium ceow station armor against 30-mm threats 13 shown,
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Fusgure 200 OCAY Tedhmolowy dememearator and hall sl crew sblion prodeclion lesls
6. CONCLITSTONS

This papcr has presented am abbreviated overview and discussion of the
ballistic requirements, ceramic design factors and chronology of significam LS.
developments over the last 30 years. The applications of ceramies for armor are
growing rapidly as the need Tor lighter and more agile combat vehigles mercases,
Cerarmic armor technology ollers the best polential [or mecting fulure protection
requiraments.
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