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ABSTRACT

Static and cyclic fatigue lests were carried out for alummna specimen to study the statistical analvses
{normal, lognormal and Weibull distribution) of fatigue lifetime data and nominal mitial crack length data Fa-
tigue lifetime data followed Weibull distribution better than normal or lognormal distribution, for the shape
parameter of the notched specimen was larger than that of the unnotched specimen. The nominal initial crack
length data ohtamed from fatigue hietime followed the lognormal and Weibull distribution better than normal
distribution, for the coefficient of variation of the unnotched specimen was larger than that of the notched
specimen, and shape parameter of unnotched specimen was smaller than that of the notched specimen.

Key words : Static fatigue, Cyclic fatigue, Alumina, Normal distribution, Lognormal distribution, Weibull dis-
tribution, Fatigue fifetime, Nominal initiaf crack length, Shape parameter, Coefficient of variation
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Table 1. Properties of Alumina Specimen

3.94 g/cm’ (99.0%)

Sintered density

Flexural strength 505+40 MPa
Fracture toughness 4.094:0.29 MPa - m"*
Mean grain size 5 HUm

Japan) & ARE-El AHE AFSET BO-E 20.7 g
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o & 4B F 138 MPa2) W= Tt F5e
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Table 2. Comparison of Three Distributions for Fatigue Lifetime (unit : s}
Fatigue test Static Static Cyclic Cyclic
fatigue for fatigue for fatigue for fatigue for
Distributi notched notched notched notched
1stribution specimens specimens specimens specimens
1} 16626 41897 16212 1246
dé‘ggggtal‘on o 21266 55843 32676 1593
C.v. 128% 133% 202% 128%
L emal nw B.35 9.75 3.48 6.13
OENOrma
Gistrbution G 2.23 1.57 1.81 1.61
C.V. 26.6% 16.1% 21.4% 26.2%
Weibull -
distribution m (.50 0.68 0.59 (.60

*11 1 mean, o standard deviagion, C.V. i coefficient of variation, m ! shape parameter

X 100{%) (4)
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Fig. 1. Lognormal distrivution of fatigue hfetime : (a) unnotched alumina specimens under the fixed static stress of
350 MPa for static fatigue, (b) notched alumina specimens under the fixed static stress of 80 MPa for stalic
fatigue, (c) unnotched alummna specimens under the fixed equivalent static stress of 360 MPa for cyclic fa-
tigue and (d) notched alumina specimens under the fixed equivalent static of 80 MPa for cyclic fatiue.
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Fig. 2. Weibull plot of fatigue lifetime : (a) unnotched alumina specimens under the fixed static siress of 3560
MPa for static fatigue, (b) notched alumina specimens under the fixed static stress of 80 MPa for static
fatigue, () unnotched alumina specimens under the fved equivalent staiic stress of 360 MPa for cyclic
fatigue and {d) noiched alumina specumens under the fixed equrvalent static of 80 MPa for cyclic fatigue.
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Fig. 4. Lognormal distribution of nominal initia] crack length : {(a) unnotched alumina specimens under the fixed
static stress of 350 MPa for static fatigue, (b) notched alumina specimens under the fixed static stress of
80 MPa for static fatigue, (¢) unnotched alumina specimens under the fixed equivalent static stress of 360
MPa for cyclic fatigue and {d) notched alumina specimens under the fixed equivalent static of 80 MPa

far cychic fatigue.
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Table 3. Companison of Three Distributions for Nominal Initial Crack Length (unit : pm)
Fatigue Lest Static Static Cyclic Cyclic
fatigue for fatigue for fatigue for fatigue for
. unnotched natched unnoiched notched
Distribution specimens specimens specimens specimens
I 541 526 6.06 482
dii\gl?ill-:irtr:‘;lon o 0.67 44 1.18 94
C.V. 12.3% B.41% 19.5% 19.5%
L | H 1.68 6.26 1.79 6.16
Dgnorma
distribution o .12 0.08 0.18 013
C.V. 7.02% 1.33% 10.14% 2.54%
Weaibull =
distribution m 8.61 12.49 6.33 7.34

*1t: mean, G : standard deviation, C.V. ! coefficient of variation, m : shape parameter
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Fig. 5. Weibull plot of mommal initial crack length: (a) unnoiched alumina specimens under the fixed static
stress of 350 MPa for stalic fatigue, (h) nolched alumina specimens under the fixed static stress of &0
MPa for static fatigue, (¢} unmnotched alumina specimens under the fixed equivalent static stress of 360
MPza for cyclic fatigue and {d) notched alumina specimens under the fixed equivalent static of 80 MPa

for cyclic fatigue.
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