








in the three types of specimens. The ratios ob-

tained are as follows:

Specimen type i Relative critically
|
|

stressed area

Smwooth . R | 100
Je-in. radius ]| 22
0.025-in. radius - .. ‘ 14

On the same relative basis, the area of the straight
section of the filleted specimens is 550.

Two decided differences will be noted between
the trends of the notch-sensitivity data obtained in
this work and most of those previously reported in
the literature. First, the value of ¢ for some of the
test conditions is close to unity, while many of the
previously available data show lower values. Second,
more than half of the curves in figure 14 show that ¢
decreases with increasing number of cycles to fail-
ure, which is opposite to that often found.

The explanation for the first discrepancy prob-
ably lies in differences in the methods of specimen
preparation mentioned in the introduction. If the
methods used were such that the surface of notched
specimens was more severely cold-worked than that
of the unnotched specimen, the resultant value of
¢ would be lower than the value obtained from
specimens having comparable surface preparation.
The second discrepancy, that in the variation of ¢
with stress level, can be explained in part on the
basis of the divergence between the number of cycles
to fracture and the number of cyecles to initiate a
crack. The curves of figures 7 to 9 show that in
general the proportion of the life required for the
crack to grow to fracture increases with the stress
amplitude and with the sharpness of the notch.
Therefore, in tests run to fracture there will be less
difference in fatigue strength between smooth and
notched specimens than in tests based on N, par-
ticularly at high stress levels. In order to get an
idea of the magnitude of this effect, the notch sensi-
tivity was computed on the basis of Ny, and it was
found that for the sharper notch, ¢ did increase
with increasing number of cycles to failure in the
tests of 24S-T4 and 61S-T6. However, for the
mild notch the reverse was true. The values for
755-T6 specimens for both notches were approxi-
mately constant at a notch sensitivity of about 0.5.

In attempting to explain the behavior shown on
figure 14, one naturally starts with the observation
that 3 of the 6 curves lie close to a ¢ value of unity
over most of their length. It is convenient, there-
fore to assume that this is the normal expectancy,
and that it is the deviations from this behavior that
require explanation. It should be noted that the
values of K, used in the computation of ¢ were based
on the maximum prinecipal stress in the fillet, so the
above assumption is equivalent to saying that the
normal criterion for failure in fatigue is the maximum
principal stress.

The notch sensitivity of the 755-T6 alloy was well
below that of the other materials in both types of
specimens. In considering the possible reasons for
this, certain other differences between the behavior
of this alloy and the lower strength ones appeared
significant. These were:

1. The ratio of the fatigue to static strengths was
lower in 758-T6, as shown below. (The fatigue
strengths used are those of the unnotched specimens
at 10° cycles.)

S— —— - —— e ,4‘
|
Allov | Fatigue strength 1 Fatigue strength
A0 [‘ Yield strength ‘ Tensile strength
S = | . B
245-T4 0. 60 | 0. 46
615-T6 . 60 .50
755-T6 .32 ‘ 2

2. As mentioned above, some of the 755 specimens
with the ¥e-in.-radius fillets broke in the straight
section rather than at the fillet.

3. The dispersion of N, values for the smooth
specimens was greater in this alloy.

4. Difficulty was experienced in polishing the 4-in.-
radius specimens, in that small pits were sometimes
found after the standard polishing procedure. Also
some specimens that appeared satisfactory after
polishing were found to have pits at the origin of
the fatigue crack.

Because it appeared that the above differences
could be explained by the presence of a relatively
few weak or brittle particles randomly distributed
in the 75S alloy, an attempt was made to observe
the microstructures at the origins of the fatigue
cracks in this alloy. Several specimens were sec-
tioned transversely and repeatedly ground and pol-
ished to permit examination through these regions
of origin. One specimen, which was polished with
diamond abrasive, contained a particle of the chro-
mium segregate very near the origin of the fatigue
crack, as shown in figure 16. This indicates that
the segregate particles, if they occur at the surface,
may break out, leaving pits that would serve as
stress raisers,

On the basis of these observations, a qualitative
explanation of the behavior of 75S-T6 may be pro-
posed; assume that the specimen is composed of a
large number of unit volumes that are identical ex-
cept in the orientation of the direction of greatest
strength in the volume relative to the applied stress.
The stress required to start a fatigue crack in a given
volume then would depend only on this orientation,
and in a homogeneous material the distribution of
the fatigue strengths of the individual volumes for a
given stress direction would have a sharp cutoff,
something like that shown in figure 17, and there
would be no volumes whose strength was less than
some minimum value, S;. In a smooth specimen a
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Ficure 16. Segregate particle associated with a fatigue crack
very near ils origin in a specimen of 75S-T6.

Unetched, X 250.

large number of unit volumes are subjected to a high
stress. If this number is M, then the strength of
the weakest volume in the specimen would be ex-
pected to be that represented by a stress value (S
m fig. 17, A) which would cut off 1/M; of the area
under the curve. In a notched specimen the num-
ber of unit volames to which high stress is applied
is smaller, M, and the expected fatigue strength
would cut off 1/M, of the area (S, in fig. 17,A).
The nominal fatigue strength of the notched speci-
men is equal to S, divided by the theoretical stress-
concentration factor, K, The fatigue strength re-
duction factor would be given by K,= (S;K,)/S,, and
as S, and S, are close together, 1t would be expected
that K, would be nearly as large as K,.

In a material having internal stress raisers, one
would no longer expect a simple distribution of
strengths.  Each volume adjacent to one of these
stress raisers would have its effective strength de-
creased, so these volumes would represent a second
population, whose strength distribution is shown
schematically by the lower curve in figure 17,B. The
resultant total distribution would have a much longer
tail than that of a homogeneous material. If we de-
termine S, and S, for this distribution as we did for
the first case, the difference between them is much
ereater than before, so that the strength-reduction
factor would be smaller than that of the homogeneous
material.

This qualitative discussion is, of course, oversim-
plified, but similar considerations can be used to
explain the fact that only 755-T6 filleted specimens
broke in the straight section, where the stress is only
71 percent of the maximum in the fillet. The tail
of the inhomogeneous distribution apparently extends
far enough down to intercept a stress value 71
percent of S, but that of the homogeneous distribu-
tion does not.

The suggested explanation of the observed fatigue
characteristics of 755-T6 is obviously not the only

Ss Sy
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NUMBER OF VOLUMES HAVING A GIVEN STRENGTH —

FATIGUE STRENGTH OF A UNIT VOLUME —»

Freure 17. Hypothetical distribution of the strengths of unait
volumes of a homogeneous material (A) and one having internal
defects ().

possible one.? It appears to be the simplest hypoth-
esis on which to base further experiments, and is
offered with that in mind.

The other curve in figure 14 which was not close to
unity was that for 615-T6 in the 4s-in.-radius speci-
men. No cause for this anomaly was apparent, but
the effect of grain size has not been considered, and
this is reported to have an effect on notch sensi-
tivity [14].

An interesting characteristic of the data from all
materials is noted if the K, values for the two filleted
specimens are compared; the values in the table
below are the ratios of the strength-reduction factors
for the Ye-in.-radius specimens to those for the
0.025-in.-radius specimens.

K1/ Ky, at the indicated |
number of cycles, N,

Alloy 1 [
| |10 } 00107 l
| | |
| 248T4_ ________________ 0.82 | 077 | 0.75 ;
| 61ST6__ . .75 | .73 .66 |
j T58-T6_ . .83 0T RIS

Again, no adequate explanation for the decrease of
the ratio with increase in N, can be offered, but the
trend is surprisingly consistent.

2 Information has been received that the 75S-T6 cold-finished drawn rod used
in this investigation was from a lot produced by an ingot practice that differed
from that of the other alloys. This special practice was used for only a short
period at the plant that produced this rod.
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4. Summary

The notch sensitivities of three aluminum alloys,
245-T4, 615-T6, and 755-T6, for two different
notches were evaluated on the basis of the number
of cycles to initiate a fatigue crack in a rotating-
beam test. The values for 615-T6 in the sharp
notch and for 245-T4 were close to unity, indicating
that in these cases the maximum stress was the
criterion for failure. 755-T6 showed low values of
notch sensitivity, and it is suggested that this may
be due to inhomogeneity of the alloy, which would
be expected to lower the fatigue strength of smooth
specimens more than that of notched specimens.

The dispersion of the data for unnotched specimens
was the smallest for 615-T6 and greatest for 755-T6.

The proportion of the total life required for a
fatigue crack to grow to fracture increased with
increasing stress and with increasing notch severity.

The experimental work during the early part of
this investigation was conducted by James [.. Baker.
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