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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% ALOs3(A) Coors

A 90% ALO3(A9) Coors
99% ALO3(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 B4C(HB) Ceradyne
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Table 2 Mechanical/physical properties of ics[9~10]
v [ oty Pl G s o0 v L
(GPa) (MPa)
A8 | 3439 [ 0230 | 2359 92 266 323 | 6.0
A9 | 3592 | 0229 | 278.1 12.8 309 319 | 7.0
A99| 3.895 | 0.225 365.4 15.2 261 3.01 82
RS | 3.078 | 0.175 394.5 18.6 440 3.69 8.0
SS | 3.166 | 0.168 439.6 29.1 553 246 | 132
HS | 3217 | 0174 4419 274 525 375 | 15.0
TB | 4.481 0.081 564.2 20.6 293 438 | 13.5
HB | 2503 | 0.167 456.2 27.3 390 366 | 151
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Fig. 1 Relative ballistic property with Poisson's ratio/density matio.
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Fig. 2 Relative ballistic property with Young's modulus/density ratio.
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Fig. 3 Relative ballistic property with hamess/density ratio.
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Fig. 4 Relative ballistic property with flexural strength/density ratio.
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Fig. 5 Relative ballistic property with toughness/density ratio.
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Fig. 6 Relative ballistic property with HEL/density ratio.

EXQo Zasts A Btk 1328 KEg 3 HEATEH
araty] Q8 A EE AR AP ch2cke Eolth
71et Az ol AL, wx dul Bal/7|AA E4°] &2 BL
7} TiB:oll ¥]3] KESt 3} HEATEo| i@ whebEAo} B3t
KE® 3} HEATSHo] it e84 FAol 2es] 24,
Ame 2E/7IAH BA] ES5E(Z okl WEFH A
ARoz FaEAo] FAHADL

4.4 &

2% Aty geEe EeriAd 243 KEWH
HEAT®Ho] o3t etg4utel dud g dvstel chadt 2
e ZEE Qa4

1. ALO:A A (85%, 90%, 99% AlLO;) ¥ B.C, TiB9] W&
iy 98, A%, A2YZE, HEL gho] FotxH KER I}
HEAT®Ho)| th3t YetgeAdx 4=

2. SICAY(RS, SS, HS)] 9E, A%, AY%E, HEL 3o
ZolxW KEgHo i3 WEE4d2 qAR F7sh,
HEATErO] th3l Webg4e Zasginh

3 A=Y FHo) ABglol Y= diwl HELo) gopAd W&
240] A9 AP ez FAEAL

I1EF

ﬂ¥l

1) J. Awerbuch, S. R. Bodner, “Analysis of the Mechanics of
Perforation of Projectiles in Metallic Plates,” AD-786252,
1973, pp. 11-14.



184 £ 6 ¥ 2005. 12

Alateael 27145

E45%

W

)

=
=

4

T}

_04

&

-
gul

-
o

A

kil

_?L

39

2

3)

2]

5)

6)

7

8

D. A. Shockey, D. R. Curran, R. W. Klopp, L. Seaman,
C. H. Kanazawa, “Characterizing and Modeling Penetration
of Ceramic Armor,” Final repr., AD-A292588, Feb. 1995,
pp. 122-126.

L. A. Glenn, B. Moran, A. S. Kusubov, “Jet penetration in
glass,” International conference on mechanical and physical
behavior of materials under dynamic loading (3rd),
Strasbourg (France), Oct. 1991, pp. 14-18.

HEE, WS, Aed, “23% Jetd) HAANE BB
03} AR 7| AALHA G =8, FEastAta,
2002, pp. 126-129.

J. H Choi, C. H Lee, S. N. Chang, S. K. Moon,
"Long-Rod Impact Phenomena: Role of Wave Interaction on
Crack Propagation", Int. J Impact Engng, 17, 1995, pp.
195-204.

ASTM (C373-88, “Standard Test Method for Water
Absorption, Bulk Density, Apparent Porosity, and Apparent
Specific Gravity of Fired Whiteware Products,” ASTM

G. R. Anstis, P. Chantikul, D. B. Marshall, B. R. Lawn, “A
Critical Evaluation of Indentation Techniques for Measuring
Fracture Toughness: 1. Direct Crack Measurement,” J. Am.
Ceram. Soc., 64[9], 1981, pp. 533-538.

T. J. Moynihan, S. Chou, A. Mihalcin, “Application of the
Depth-of-Penetration  Test Methodology to
Ceramics  for  Personnel  Protection,”  Final  rept.
ARL-TR-2219; ADA376698, Jan 1998-Aug 1999, pp. 40-43.

Characterize

9 D. G. Kim, S. S. Lee, H. S. Shin, S. N. Chang, C. S. Kim,

10)

1)

12)

B.S. Jean, “HAARE 9} AFo) B a7 FyHat
AF4 AT E A GSDC-411-000582, 2000, pp. 29-34.

T. J. Holmquist, A. M. Rajendran, D. W. Templeton, K. D.
Bishnoi, “A Ceramic Armor Material Database,” TARDEC
Technical Report #13754, 1999, pp. 210-240.

P. Bartkowski, S. Spletzer, “Porosity Effects on the Elastic
Constants of Five Varieties of Silicon Carbide Ceramic,”
Final rept, ARL-TR-2606;ADA398991, Feb. 1998-Dec.
1999, pp. 36-38.

W. J. Ferguson, R. W. Rice, “Effect of Microstructure on
the Ballistic Performance of Alumina,” Interim rept.,
NRL-MR-2302;AD516995, 1971, pp. 22-27.



