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ABSTRACT

Two kinds of alumma specimens with different grain size (1 and 51 pm) bul same density were prepared
by hot-pressmg. Fracture strength and [racture toughness of these specimens at low strain rate, sonic veloaty,
and elastic properly were evaluated, Ballistic performance aganst Cal. 50 AP projectile was characlerized by
thick-backing method by using A16061-T6 reference block. Mechanical properties measured at low stran rale
showed lhat the specimen with samil grain (SG) were better Lhan specimen with large grain (LG). Fracture
strenglh and fracture toughness of LG specimen were 131 MPa and 3.01 MPa\frﬁ, but Lhose of SG specimen
were 349 and 4.23, respectively. Somc velocity and elastic properties of these specimen were similar, hut bulk
velocily and bulk modulus were dulerent at amounl of 4 and 9% The tendency of ballistic perlormance was
not consistent with the mechnaical properties al low strain rate. The ballistic performance based on quantitative
efliciency revealed that the LG specimen (5.13) was ballishically better than the SG specimen (4.00) in spite
of (heir lower mechanical properties.
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Fig. 1, Schematic representation of the thick backing
test configuration.
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Fig. 2. Scanning electron micrographs of polished and
eiched surface of SG(A) and LG(B) specimen.

o), b*& &
e o ¢ (DR F

e 7IEEE

oY)

Table 1. Sintered Density and Mechanical Properties at Low Strain Rate of Alumina Specimens
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Fig. 3. Grain size distributions of alumina specimens.
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5G LG Remarks

Density

{g/cm™) 3.96 397

(% of TD) 95.4 59.9
Grain Size (um) 1.15+0.79 51.31+ 29590 LG/SG=45
Flexural Strength (MPa) 349+ 80 131+ 24 Low Stramn Rate
Tracture Toughness (MPay/m) 4.23+ 090 301+ 0.52 Low Strain Rate
Vickers Hardness (GPa) | 2098+ 2.16 2168+ 1.92 at 200g lnad
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Fig. 4. Scapning electron micrographs of the fraclure
surface of SG(A) and LG(B} specimen.
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Table 2. Some Velocities and Elastic Properties of Alu-

mina Specimens

5G LG
Sonic Velocity (m/s)
Longitudinal (Cp) 10830+ 64 | 10995+ 19
Shear (C,) 64443- 136 | €358+ 122
Bulk (Cw) 7867+ 155 8150+ 145
Elastic Modulus (GPa)
Young's (E} 403+ 19 400+ 11
Shear (G) 164412 160t 6
Bulk (B) 245+ 9 267t 9
Acouslic Impedance
{MPa's/m)
Lengitudinal (p-Ce) 428 43.7
Shear {p-C,) 255 25.2
Bulk (p-Ce) 311 323
Paoisson’s Ratio 0.225+ 0,018 | 0.249% 0.015
Adiabatic
Compressibility (1/B) | 4.08x107% | 3.73%107°
(GPa )
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Fig. 5. Areal density of residual penetration as a func-
tion of areal density of alumina specimens, The
areal density of residual penetratton was nor-
malized by using a cendition of a projectile ve-
locity of 860 m/fs.
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Table 3. Ballitic Performance of Alumina Specimens

5G LG
Ballistic Efficiency 3.0588 51333
Normalized Critical 15.75 1221
Thickness (mm)
Areal Density Ratio 1.00 0.78
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Fig. 6. Projectile core (Cal. 50 AP bullet) shape after
impacting reference hlock only(A), SG(B), and
LG(Cy alumina specimen with back-up of refe-
rence block al a projectile velocity of 860 my/s.
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