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Dynamic Deformation Behavior of Metal Matrix
Composites Under Impact Loading
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Abstract

The characteristics of metal matrix composite under dynamic tension at high strain rates up o
the order of 10%/sec is studied by using newly developed apparatus. The composite material
processed in this research is aluminum-alumina metal matrix composites, and fabricated by
compocasting with the fiber volume fraction from 5 to 20%. The whisker and matrix material
used in this paper were §-Al,0; and Al-6061, respectively. The mechanical tests performed in this
research are low and high strain rate tensile test. At low strain-rate tensile test, the modulus of
elasticity and the ultimate tensile strength of the composites were improved about 77 pct. and 55
pct., respectively comparing with the unreinforced materials. At strain-rate from 1073 to 10%/s, the
effect of strain-rate on the modulus, ultimate strength, flow stress is determined. Also the effect
of strain rate on the modulus, ultimate tensile strength, flow stress and elongation to failures were

investigated.
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Table 1 Properties of §-Al,0; Whisker

Tensile strength about 1.5 GPa
Modulus of elasticity 300 GPa
Density 33 g/cm®
Melting temperature 2000 C
Whisker diameter 3 pum
Whisker mean length 70 ym

Table 2 Chemical composition(wt %) of §-AlO;

Whisker
Composition| AlLO; SiO, etc.
Rate(%) 96.1 34 0.5

Table 3 Propérties of Al6061

Tensile strength 124.1 MPa
Modulus of elasticity about 69 GPa
Density 2.70 g/cm?
Melting temperature 582~649 C

Table 4 Chemical composition(wt %) of Al6061

Composition| Al | Mg [ Si Cu Cr
Rate(%) 979 | 1.0 | 0.6 | 0.25 | 0.25
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Optical micrographs of alumina short fibers at
V,=10%, T=648C, {=30 min. p=>50MPa
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Table 5 Final strain at a desired drop height (m)
drop static
height 0.5 1.0 15 2.0 3.0 (£=9.26 %
V #(m) 10-%/s)
Al6061 0.1333 0.258333 0.2617 0.2778 0.2889 0.0527
5% 0.0278 0.0283 0.0288 0.03167 0.03617 0.0222
% 0.013888 0.0083 0.01389 0.01444 0.01556 0.01111
10% 0.01111 0.01167 0.01389 0.01415 0.01444 0.0083
15% 0.00666 0.00667 0,00778 0.00808 0.00833 0.0056
T ARl HAEHFEL delgolrt FALFE v Xé HAAAY (6=9.26X107Y/)1 A+ Al-6061
487 Frbee A4S WAL 4+ doh a2zn o WYEF slme mw, AH AR 4¥d AL
Bl ggo] F7hgtel detde AFHFE a4 —‘?*ﬂl{‘r o] Fslgtel] ule}l HEWFHEo] 5.27%
5 B b ded A5 AL Al-60614)
wla] FA43 "Woixl g Jebdcl . .
270 8 22Rydgad A HEY Table 6 (Sal) Uriltlr;'nalte terflslzts.‘tr(;,;ng(;ltlcl1 and (P) :en-
ile modulus of static an namic ten-
$2 0.667%00 4 3.6%¢ § ool EAsEw vl . . g
) sile test specimen
3 Al-6061% 13.3%cl~ 28.89%7kA19 el (@)
ZA5IA Y. o) FE-Fo] Frhgol ol dA
go| WojA L WA YARE woiF), Vs 5% | 7% | 10% | 15%
Height(m)
0.5 115 179 200 220
500
1.0 119 210 225 260
15 125 215 248 320
g 400 | 2.0 130 250 275 365
'3__-' 3.0 140 305 310 385
S Static | 130 143 | 1737 | 1927
g 300
| (unit:MPa)
o b
2 (b)
w 200
o 4 5% 7% 10% 15%
- Height(m)
g 0.5 95 120 150 180
3 100 |
1.0 96 125 156 186
1.5 100 131 163 194
0 l R S T 2.0 110 136 168 206
[+} 1 2 3 4
. 3.0 104 130 162 205
DROP HEIGHT, h (m)
'Fig. 12 Strain-rate dependence of ultimate btensile Static 5 921 1054 1224
stress at each volume fraction, V(%) (unit:GPa)
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