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The relation between physical/mechanical properties and ballistic properties in
several engineering ceramics

Cheol-soo Kim ™, Hyung-Bock Lee’

ABSTRACT

In this study, we analyzed the relation between physical/mechanical properties and ballistic properties for
several engineering ceramics that were expected to use as armor material. After physical/mechanical
measurement, we measured ballistic properties about KE(Kinetic Energy, L/D=10.7, tungsten heavy alloy) and
HEAT(High Explosive Anti-Tank, K215) projectiles. Increasing Young's modulus/density, hardness/density and
flexural strength/density ratios, ballistic properties were generally increased. Especially it appeared that the
ballistic property about KE projectile was lineally increased, as HEL/density ratio increased.
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Table 1 Ceramic specimens
Group Specimen Manufacturer
85% ALO3(A8) Coors
A 90% ALO3A9) Coors
99% Al,03(A99) Ceratec
reaction-bonded SiC(RS) Coors
B sintered SiC(SS) Carborundum
hot-pressed SiC(HS) Coors
hot-pressed TiB{TB) Ceradyne
B hot-pressed B;C(HB) Ceradyne
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Table 2 Mechanical/physical properties of ceramics{9~10]

Density | Poisson's Young's Hardness Flexural Toughness | HEL
Mat. ( g/cms) ratio modulus (GPa) Strength (MPa: nm) (GPa)
(GPa) (MPx) ! a
A8 | 3439 | 0230 | 2359 9.2 266 323 | 60
A9 | 3592 | 0.229 278.1 12.8 309 3.19 7.0
A99 | 3.895 0.225 365.4 152 261 3.0 8.2
RS | 3.078 0.175 3945 18.6 440 3.69 8.0
SS | 3.166 | 0.168 439.6 29.1 553 246 | 13.2
HS | 3.217 0.174 441.9 274 525 375 | 15.0
TB | 4.481 0.081 564.2 20.6 293 438 | 135
HB | 2.503 0.167 456.2 273 390 3.66 | 15.1
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Fig. 1 Relative ballistic property with Poisson’s mtio/density mtio.
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Fig. 2 Relative ballistic property with Young's modulus/density ratio.

IAHELHCE o|gEy & WAL B} TiBE
& Aer 9o AuoM 58 = 9k
03%/%_15819% Werg/gdakel A4 g vely g
2 FE/ERHYL wold & KEE I HEATE ] fjgt J
B0l F7lete AEE Bk BAGY e HEATE Were4
2 ZradE AFE Ho|n, KEg WetEAL A xem =)
5 73?}[11]% Bk 7lere] A4, %‘ /Y zuj7h 82 BCot
}HEATEFC’H q g gEEA o] 4 vyl
§7l EotA gl didh A2

7t go Vl I§ Olzs{ | e R mold Ao
A 2

o &

o)_“ r_{i >

E
N
A
ﬁ
o
"l
I
L

402 & o Ao GEARN} $oas
e bra-qa_- A%E wolm gtk 1 BA
DAY vhek 2ol SiC YA
| kol Eor*wwmw 7 b ghel 520
ol FAH 5 EA 571517]
okt gt

HEYTY BAE

o=
fau

oo £

m g2

>
ﬂm"im{nrzif#m

g2
rlo
e

]

o oo

Ao lo 2 R Hfr 2 &
e L =R 4 I
0: Mo gy
flo ‘i&
Ay
o I
LY
2 org
_}g OR
ifl o
OE

ey 29
kol 4 E KEeH7} HEATE o]
AgE R @b} [12] BAGlA =
B oju], KE¥h Wetg4

o,
‘11\'-1 il
=]
Hi
z
N
)

#
L
=

£ ©
o
ok
i
o me

ox flo
o,
rlo ofn
N
AN
o
il
i oox

ol oy
b
o
o

e
[es]
>
._.]
=
ok
o

o
ok

<

X
T
2 5
= %
rr o
on i
@ ol
(=N
H
=
N
o
.
flo o
HE
34
J’,l

jes)
g
=
L
oo
i
o%
L
Hr
30
£
=
FE
.Bi

i
rlo
i
Ar ok
-0

% —Z
k. 2 Bz! 9 HEATE? Oﬂ o e
Eoll Al 1T upel Zo] sicC °‘7<M7fﬂ?l Ao
Zotpul/dEv 7t wolA W ©e] Ao o3 Kok g
RO BAH p&-AFEaNT) 5 7P517] HELR 25
ke

o ulft
flo e

rlo )(g. Ml ok 10

oo} WElBge] BAE Fig 40] ey gk

O KE-A
AKEB
BKE-etc
OHEAT-A
AHEAT-B
O HEAT-etc

Ballistic efficiency

L : L

0 2 4 6 8 10 12
Hardness(GPa) / density (a/crf)

Fig. 3 Relative ballistic property with hamess/density mtio.
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Fig. 4 Relative ballistic property with flexural strength/density ratio.
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