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ABSTRACT

This paper presents the influence of the loading rate on the room temperature fracture toughness of a brittle
ALO; and a SiC whisker reinforced Al,Q; composite Dynamic fracture toughness tests were conducted using
compressive fatigue pre—cracked notched round bars leaded in tension to produce a stress intensity rate, I:L:
10° MPa / m/sec. The experimental results show that for each loading rate the fracture toughness values
obtained for the ceramic matrix composite are higher than the corresponding values for the single phase alumina.
In addition, both the reinforced and unreinforced ceramic are singnificantly tougher under dynamic loading than
static loading. This dynamic and quasi—static fracture mitiation behavior can be interpreted by identifying

quantitatively the mode of fracture initiation as a fimction of loading rate.
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Table 1. Room Temperature Mechanical Properties
{(Values Supplied by Coors Porcelain Co.
and Advanced Composited Materials Co.)

ALO, 25?/1;O§;cw

WADIE e o00)
Specific Gravily, p 390 3.7
Elastic Modulus, E(GPa) 343 393
Shear Modulus, x{GPa) 140 160
Poisson's Ratio, » 0.23 0.23
Flexure Strength(MPa) 330 641
Compressive Sirength(MPa) 2,071 -
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Fig.1. A schematic diagram of the fracture test
specimen.

COMPRESSION AXIS

Fig.2, Examples of Made [ fatigue crack growth in
single—edge notched specimens of (a) a
polyerystalline ALO, and (b) a ALO,—25v/0
SiCy composite subjected to uniaxial cyclic
compression at ropm temperature. compressio-
n axis is vertical.
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Fig.}. A schematic diagram of the experimental
arrangement for the Mode 1 dynamic fracture
test.
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Fig.4. A photograph of an oscilloscope trace of a
typical transmitted pulse in Mode 1 dynamic
fracture.
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Vateriqg LoC2172 [Test Width of Fatigue Mas. Load K., K
ateria Condition|No | Annulus{gm) (N} |[{MPaym)
1 201 3338 [3.11
Quasi | 2 156 2906 (2,73,
AkOs Static 3 206 2995 |2 84 289
4 202 3044 |2 89
1 106 W14 (3.62
Dynamuc | 2 28 4012 |3.78 3.68
3 110 3843 |3 65
ALOs- | Quasi- | 1 63 5065 (4 67
95v/a | static | 2 78 944 1457,
SiC, 3 102 4601 |4.26
4 69 4757 1439
Dynamic | 1 102 4732 |4.36
2 157 5015 |4.62
3 82 5156 |4 75 +18
4 65 | 5959 |5.49
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Fig.5. Photograph of fracture surface of a polyerysta-
lline AlQ; ceramic specimen tested dynamical-
ly at room temperature The fatigue pre—
crack region appears as the dark region at the
tip of the circumferential notch.

. SEM fractograph of the fatigue pre—crack
region of a polycrystalline ALO: specimen,
showing the presence of debris particles of Al,
Q, formed during the high frequency contact
between the fracture surfaces.
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Fig.7. SEM {fractographs within fracture initiation
area of fracture toughness specimens under
{a) quasi—stabhec loading and (b) dynamic
loading for polycrystalline Al,Qs ceramic, A
few isolated {iransgranular facets are also
found.
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Fig 8. SEM fractographs within fracture initiation
area of fracture toughness specimens under
{a) quasi—static loading and (b) dynamic
loading for ceramic matrix composite, ALO,—
5iCy, showing signs of whisker pull—out and
crack deflection.
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Table 4. Results of the SEM Fractorgraphy Showing
the Mode of Fracture Initiation

Percent Fracture
Loading
Materzal Condition | Intergranular | Transgranular
AlLO, Quasistatic 85 13
Dynamic 74 26
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