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A CONTRIBUTION TO THE STUDY OF THE INFLUENCE OF
ENVIRONMENT ON THE CRACK GROWTH RATE OF
HIGH-STRENGTH ALUMINUM ALLOYS IN FATIGUE

J. Petit, B. Bouchet, C. Gasc and J. de Fouquet*

i INTRODUCTION

Hany cxperiments on high-strength aluminum alloys have shown that

fatigue crack propagation is strongly affected by the atmospheric environ-
aent (1, 2, 3]. The predominant effect of water vapor content, and the
@xistence of a threshold pressure as a sensitive function of the test
frequency, have been clearly recognized [4, 5]. However these experimental
data are not sufficient to mark out the specific effect of several mechanism
{6, 7]: crack closure, crack tip deformation, chemical adsorption, etc.

In this paper, results are presented concerning three aluminum alloys A-U4,
A«114G1, A-U2GN. For da/dN determination, experiments were made on compact
testing size specimens in tension tension loading and sinusoidal load-time
variation, with a servo-hydraulic closed loop machine, inside a vacuum
chamber where pressure may get down to 10 °Pa. The air vacuum compared
affects on crack growth rate have been studied for medium rates (Paris

faw) and low or very low rates, i.e., about threshold below which fatigue
crack growth will not occur.

Il - CRACK GROWTH RATE IN AIR AND IN VACUUM

fwo kinds of experiments have been made:

- crack propagation at constant loading amplitude AP,
increasing AK when the crack grows;

- crack propagation with AK decreasing, in order to reach the threshold
helow which crack growth can't occur. In this case, for each value of
loading amplitude lowered by decrements of 10%, the crack is allowed to
@xtend beyond the plastic zone of the preceding value.

corresponding to

These tests were made on C.T. 75 specimens. Table 1 indicates the alloys
composition, heat treatment and specimens thickness.

I1.1 - Crack Propagation at Constant AP (Increasing AK)

Figure 1 shows the experimental curves log da/dN versus log AK for A-U4G1
alloy. These results are in good agrecement with Paris law, in laboratory
air as well as in vacuum: the exponent m (da/dN = CAK™) is about 3.5 and

4 respectively. The crack growth rate is always lower in vacuum for each

AK value and the ratio of both rates in air and vacuum decreases when AK

or da/dN increases. Besides, these experiments have shown that crack propa-
gation on sharply notched specimens is much longer in vacuum (10° cycles
versus 10% cycles in air), whereas propagation final rates, just before
fracture, are nearly the same.
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surface for air environment we've observed very characteristic pseudo-
«leavayge features corresponding to (111) planes. The more brittle behaviour
€ the alloys in agressive atmosphere is also consistent with a crack pro-

pagation rate higher than in vacuum.

foroover, crack closure phenomenon is generally considered to be more

sitensive in vacuum than in wet air [10, 11]; consequently the AK,ff values
sre distinctly lower than the AK values used for plotting our experimental

rosults; especially for the lowest values of da/dN, this phenomenon becomes

very important, and the curves under vacuum might be very different if we
mako use of AKggge. Then the curves in air and vacuum would be more easily
comparable, close to AKth.

¥ - CONCLUSION

I'rom the experimental results presented it can be concluded that:

1) the crack propagation rates ratio in air and in vacuum, for a
glven AK, is liable to vary more than one hundred for the smallest AK to
the unity for the highest AK. In the domain of application of the Paris

law, this ratio remains from 10 to 2.5.

2) the crack propagation rates measured at increasing or decreasing
4K are the same, in air as well as in vacuum.
3) the values of AK¢p at 107 °mm/cycle are different according to the

environment. But for lower rates they seem to be closer in both cases.
However, it is not possible to conclude definitely upon actual AKeh

@apecially under vacuum.

4) plastic deformation is stronger and wider in the case of vacuum for
the same length of crack, i.e., for the same AK.
5) If the influence of crack closure would be able to allow a better

comparison of crack propagation in air and in vacuum, we don't think that
especially the differences observed in the

the propagation mechanism,
The most

plastic zone, could be described by only one parameter [10].
tmportant brittleness of these alloys under agressive environments like
ambient air, moist air or H,S, induced by chemical adsorbtion [5], furthers
the propagation: this phenomenon would be another main parameter for the

analysis of the comportment of these alloys in fatigue under different

environments.
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Table 1 K (MPam’) AK (MPam®) AK (MPam®%)

¥lgure 1 Crack Propagation in Figure 2 AK¢p Determination in A-U4G1-T 351
A-U4G1-T 351 at Con- and A-U2GN-T 651 (R = 0,01)
stant Loading Ampli-
tude P = 615 daN.
R = 0,01

‘u M N 3 :
Treatment g In 51 Fe T1 Ni

Al

AU4G1
(2024)

Table 2

Air Vacuum

A-U4G1

5 MPasm!?2

7 MPae-p¥2

A-U2GN 3 MPae-m??

b— |

5 MPgepl/2
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2 4 6 8 10 14 20
AK (MPgm'%)

Figure 3 Crack Propagation in
A-U2GN-T-651 at Con-
stant Loading Ampli-
tude (R = 0,1) after
AKtp Determination.
(The Continuous Lines
are Reported from the
Figure 2)

Figure 4 Recrystallization of the Plastic
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Zone in the Case of Vacuum Envir-
onment (AU4 : 14 hours 520° G,
Quench in Water, after Cracking
30 hours 160°C)
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