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Relation Between Scatter of Fatigue Life And S-N Curve
in Aircraft Structural Aluminium Alloy 2024-T4

By
Toshiyuki SHIMOKAWA and Yasumasa HAMAGUCHI

It has bzen learned that the scatter of fatigue life is caused by the following factors:
(1) the experimental conditions, (2) the material properties in its virgin state, and (3)
the cumulative process of damage in cyclic loading. On the other hand, bearing in mind
the slope of an S-\N curve, one can immediately understand that if there is some factor
affecting as an error of the applied stress, the gentler the slope of the S-N curve, the
more the deviation from expected fatigue life is enlarged. However, there appears to
have been no attempt to investigate quantitatively the relation between the scatter of
fatigue life and the S- curve by considering the incubative factors described above.

In the present paper, the accumulated effect of the three factors described above is
regarded as an error in the applied stress. This concept is applied to the results of a
series of fatigue tests on unnotched sheet specimens of aircraft structural aluminium alloy
2024-T4. Firstly, the S-N curve, where N is the median fatigue life, is determined from
a series of experimental results. Then the equivalent stress of each specimen, which is
considered to be the sum of the applied stress and its estimated error, is calculated from
the S-N curve and the fatigue life of each specimen. Also, the distribution of the
equivalent stress is quantitatively evaluted. Secondly, using the order statistics and
assuming the distribution of the equivalent stress to be normal, the fatigue life distribu-
tion having the same scatter as that obtained in the experiment is introduced from the
S-N curve and the assumed equivalent stress distribution. Then the interrelation between
the scatter of the equivalent stress, the S-N curve, and the scatter of fatigue life is discussed.

The main results of this study are as follows:

(1) The S-N curve is approximated well by the equation S-S.=A - (N+B)™¢, as propo-
sed by Weibull.

(2) The distribution of equivalent stress is found to be almost a normal distribution.
The coefficient of variation of the equivalent stress ranges from 0.0150 to 0.0602, and
its lower or upper value is equal to or a little higher than that of static tensile strength
respectively.

(3) The coefficient of variation of fatigue life obtained in this study is more than five
times as large as that of the equivalent stress.

(4) The following facts are verified experimentally and theoretically: In the range
where the S-N curve on a semi-logarithmic plot is nearly straight, the fatigue life distri-
bution is considered to be a Log-normal distribution. On the other hand, as the applied
stress is lower and the slope of the S-N curve is gentler, the fatigue life distribution
departs gradually from the Log-normal distribution, and its skewness is more pronounced.
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