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Dynamic Fracture Initiation Behavior of 2124-T6
Aluminum Matrix Composites Reinforced with SiC Whiskers

K.H. Baik*, S. Lee*, D.Y. Lee* and K.M. Cho**

ABSTRACT

An investigation was conducted into the effects of temperature, loading rate, and
various microstructural parameters on the initiation of plane strain fracture of 2124-T6
aluminum matrix composites reinforced with SiC whiskers. Dynamic fracture toughness
tests were conducted using pre-cracked notched round bars loaded in tension to produce
a stress intensity rate, viz., I.{IIZXIOG MPa Vmy/sec. Testing temperatures covered the
range from ~196°C to 100°C which encompassed fracture initiation mode involving fully
ductile fracture. The experimental results show that these composites are tougher under
dynamic loading than for static loading, suggesting that micromechanical processes
involved in void and microcrack formation must be identified.
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Table 1. Chemical Compositions of the Materials Studies (Wt. Pct)

Materials. C | Cu | Fe | Mg |°Mn | Mo | Si | S v Al
13.2v/0 SiC 2124-A1{4.33 (3.41{0.02 {1.83 |0.24 | .001 |{9.88 | .003 | .001 | bal.
2124 Al .014 14.10 {0.02 |1.92 |0.49 | .001 {.006 |.003 | -- |bal.
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Table 2. Room Temperature Tensile Properties in Longitudinal Orientation (Values sup-
plied by Advanced Composite Materials Co.)

2124 - T6  2124-T6 Aluminum Matrix Composite
Aluminum Alloy Reinforced with 13.2 v/o SiCw

Elastic Modulus, E 69 96
(GPa)
Yield Strength 300 500
{(MPa)
Maximum Elongation 25 2
(%)
Poisson’s Ratio 0.33 0.28
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Fig. 2 Schematic diagram of the fatigue precrack growing apparatus. It consists of a ro-
tating beam placed in bending by imposing a fixed displacement at its midpoint.
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Fig. 3 The notched section of the specimen,
showing the ligament after fatigue.
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Fig. 4 Schematic diagram of the apparatus employed for the dynamic fracture initiation

experiments.
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Fig. 5 Schematic diagram of (a) the appa-
ratus employed for the quasi-static
fracture test and (b) the measuring
method of the instant at which frac-
ture initilated.
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Fig. 82 13 2%°] SiCw = w79 2124-T6 Al
iﬁiﬂﬁiﬁl TEM a2 A1dezx @ ake] A9
Flagh ol WG ¢ ik, =& L
7}/71’4 Aol 855 SEE 2 o] w1y
oA E A ol gt BEgaiAl A% Aol
Void Initiatin Site & & 7}5Ao] & 7o g A
e o,
3.2, Z= A
SiCw & #.2rsl Al 2529 »7sx ke
2124-T6 Al Frgoll 4 2] 42 sl A1¥ 4 I
Table 3of vhebb 2leh, 24% Al 24488 &

Static and Dynamic Values of the Plane Strain Fracture Toughness During Frac-

Fracture Toughness (MPayhm)
Stress Intensity
Rate, K, 2124 - 16 2124-76 Aluminum Matrix Composite
(MPaym/s) Aluminum Alloy Reinforced with 13.2 v/o SiCw
1 37 21
2 X 10° 41 27




48 AT - o] . o] Fd - 2AE HEEAMRE G
50
50+
40+

Fig. 8 Transmission electron micrograph of
the 2124-T6 aluminum matrix com-
posite reinforced with 13.2 v/o SiCw.
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Fig. 9 Dynamic fracture toughness as a fun-
ction of testing temperature for 2124
-T6 Al alloy and 2124-T6 Al matrix
composite reinfroced with 5.2 v/o and
13.2 v/o SiC whiskers,
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sted at 25°C under dynamic loading
for 2124-T6 Al reinforced with 13.2
v/o SiC whiskers. The part of the
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Fig. 11 SEM fractograph adjacent to the prefatigued crack tips of plane strain fracture
toughness specimens tested at {a) -196°C, (b) -100°C, (c) 25°C and (d) 100°C un-
der dynamic loading for 2124-T6 Al reinfroced with 13.2 v/o SiC whiskers (at
45°C tilt). Note presence of whisker pull-out inside dimples.
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