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Bullet weight/g 80 95 79 10.7 84
Core weight/g ~10 ~10 36 52 59
Core dia/mm 8.0 =71 57 62 56
& Hardened Tungsten
Core material Lead-based Lead-based Mild steel el d
Hardness (Hv) ~30 ~30 210 785 1450
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Design decisions Design decisions

Eroded

7.62 mm AP -

- e - Grade of steel (") 14.5 mm AP Eroded * Grade of sisal ()
jacketed round S i
« Thickness of steel (*) Jacketed round « Thickness of steel (*,
Vi + Air gaps, d,(*) and d.

“-——\&_ . R « Air gap, d,
Fr— \ B - Grade of FRP + Grade of FRP ()

‘ + Thickness of FRP

\ Thickness of FRP (*)
5 ] + Properties of FRP ()
e « Properties of FRP /

i / + Grade of ceramic
« Obliquity of system + Thickness of ceramic
» Design velocity, V + Grade of FRP suppo

dq « Thickness of FRP

Nate: (*) FIXED | RS

Obliquity of system
Ceramic/FRP HHS FRP « Design velocity, Vg

HHS FRP
* Armour engineering

Note (*) FIXED

a. MafuLEutuLs R UssUUInzuEUAgY b, nasiNnsteeiussuLIngzAmeEsEn

3U# 5 nseanuuLnmziunsEgu [2]

2. dyudsznavaasdainsziulsegu

Lg'aan:ﬁun?:qu‘[mﬂﬁﬂﬂ@:ﬂi:nﬂuaﬁ’w*ﬁusiw] uandleideghn 6 Feszneuden 1.

ar °

inszeeudulu (Soft armour insert) Sanfithanlddaulngaziiuiagamanduleninisdnnedu

R UHMPE ilusiu 2. $unds Backing materials vinsnnanidulesineg u GFRP KFRP ilusiu
UHMWPE 3. 458951 Substrate support ¥31a N CFRPLWSU 4. Gu Strike face material (fludu
e y 7 o A B o z

’JMman‘lumﬁ‘mumun’1?Lﬂaﬂuﬁﬂmﬂm‘:qu 5. 14 Impact protector §Lusanszunn psanidudu

o

usnAinszquannszny 1ddananan rubber ¥3e foam dusiu

L]

{ Soft armour insert: layers of aramid or UHMWPE | 1

| Hard armour plate:

4| | _—lstrie face matenal: UHHS. A0, SC.BC, | 4

o /{Subslrale support: CFRP. etc, 3

| /Badtlrg materials: GFRP, KFRP, UHMWPE 2

& /—- Impact protector: rubber, foam, elc. | 5

Adhesives vanous |

Al

'-'.; t— Covers:ballistic nylon, rubber. etc

| § — Edging strips. rubber or aluminium

51#% 6 laseafadainaziunszgulnadialy [2]

o el i e .
9199 1 uananTTRaasianninunldidu Strike face material [1]

Y1 o@ 3N o



Class of material ~ Source, grade, (reference) Density/(kg-m~*) Hardness/GPa  Elastic modulus/GPa  Flexural strength/MPa  Fracture toughness/(MPa-m”

UHH Steel SSAB, Armax Advance” 7780 23 208 NK 15-20

Glass Ceramics  Silceram” 2900 7.0 122 180 NK

Alumina CoorsTek, AD85, 3420 94 221 296 34

Alumina CoorsTek, AD998, 3920 14.1 370 375 4-5

AION Surmet,” 3695 185 323 380 -2

TiBz CoorsTek, PAD" 4480 264 555 275 ~7

SiC CoorsTek, SiC—N, PAD" 3200 235 460 570 ~5

Sic MCC, RSSC, 3106 245 399 504 NK

ByC CoorsTek, PAD* 2500 255 460 410 4
Sources.

* SSAB, general data sheets, and advice.

b Carter, 5., et al, 1988 [52].

¢ http://www.coorstek.com/resource-library/library(8510-1364_ceramic_properties_mp.pdf.
d http://www.surmet.com/products-and-applications/ALON-Transparent-Armour/.

¢ MCC data sheet, 2009, as reported by Ref. [53].

s

3. dapihanldvinnsziunsequ

q

as =

ar =la= L ar : U i o ' .
Fapuanniguhunnmziunsegwisngumdulans aaman Alloying was Light alloy WeR

waF 4man Lightweight organic fibers 13130 a1nan Lightest ceramic aunsauanslisigdd 7

u

o

d' 1] U = S ] o
Teinglunsiaznguasianimnuwansaivly

I Hydrogen-based, lightweight organic fibres |

e |Lightestceramicsl =]
| H He
I mi.—a = AR N\l Bd
| Li |Be |Alloying elements forsteeisl B C)| N | O UF | Ne
Nz | Mg / 'Allsi|P|s|ci|ar
ey e ‘ A e bl b  ka
K|Ca| |Sc pen | Ga|Ge|As| Se | Br | Kr
b = AR R
Rb | Sr Y. Cd In|Sn|Sb 1 | Xe
W | e || [ "o W
Cs|Ba| « | Lu Bi | Po| At|Rn,
ra ‘;’ LA -.1-01,- &
frjRaj#¥]LrR
“Lanthanide series ' —E;
**Actinide saries |

| AC

4. FEULNSIEIEIINNNAALNES (CERAMIC POLYMER ARMOR SYSTEMS)

Taqiiuszutinzasinnedines Janazdsznaudeduraasiin uazfusnsmedues

ar

o 2 o lﬂ. i’/ = Aq o ¥ = 0 .
Humdn wandlssaguUi 8 Tneduseassnfin dagifiauiinnldas Ae agiivh Alumina (AI203) uay
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Fanauanslus Silicon carbide (SIiC) Wasandanundegeuaziiminun wanaindan 2 1lall fias
ar ﬂl L o L 1 ™ ] . . . . ) . .

:ﬁmawmmlﬁmq ¥u Silicon nitride (SN) Titanium boride (TiB2) Aluminium nitride (AIN) SIALON
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Description

Army ballistic limit: formation of a cracked
bulge which allows light o pass through.

Used for structural armours that need Lo
matintain air-tightness on a battlefield.

Classic ballistic limit for steel structures: see
Table 1.7. Limit critera betwesn D damage
and E damage

Navy ballistic limit: entire projectile has
penetrated the armour,

Used for naval structures and large projectiles
which, if fully penetrated. might cause lethal
damage inside a vessel.

Not normally used for small amms ammuni tion

Protection ballistic limit: perforation of a
witness panel placed behind the armour.
Commamly used when the penetration of any
ballistic debris (from projectile or armour)

cun enter a vessel and cause damage o
occupants and/or intemal equipment

Critical depth of intrusion: where the
penetrator (eg, a knife) has penetrated 1o an
unacceplable depth.

Commonly used to define failure criteria in
knife and spike attacks. The unacceptable
depth will depend upon the standand used for
the impact energy of the penetralor

Hard armour plate arrest: this is a
nomintrusive criterion, in which the projectile
must be amested by the hard armour plate
with zero intrusion into the soft armour insert.

Used in cmservative designs when the SAT
needs (0 maintain integrity, for further use
afler initial impact damage

Back-face signature: this is a nonintrusive
criterion, in which the projectile must be
arrested by the system (typically a body

armour svstem). The maximum pemmissible
depth for the BPS is normally 44 mm, for
L body armour systems. and can be as low as
S - 15 mm for combat helmets

51U 11 inausinsiw/lishudmidaguazszuuingz (2]
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