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Abstract. Fatigue properties and fatigue crack growth rate were examined in an Al-Mg-Li-Sc-
Zr allow subjected to equal channel angular extrusion (ECAE) with rectangular shape of
channels up to a total strain of ~4 at a temperature of 325°C followed by solution treatment
with subsequent oil quenching with aging. After this processing the fraction recrystallized was
~80pct; the deformed microstructure remains essentially unchanged under solution treatment
due to high density of Al;Sc coherent dispersoids playing a role of effective pinning agents. It
was shown that the fatigue limit of this material attained a value of ~185 MPa.
Thermomechanical processing provided a decrease in fatigue crack propagation growth rate
and an increase in the stress intensity factor, K., in comparison with extruded bar. However,
characteristics of crack propagation resistance did not attain values suitable for application of
this alloy for critical aircraft components.

1. Introduction

Al-Li-Mg alloys are considered as advanced materials for airplanes due to excellent combination of
low density and sufficient strength |1, 2]. However, crack propagation resistance of these alloys is not
enough for commercial application for critical components of aircrafts. Nowadays, extensive work
with Al-Li-Mg alloys is carried out to increase their values of the stress intensity factor, K., and
fatigue crack growth rate up to those obtained for the AA2524 aluminum alloy. Two approaches are
used to improve crack propagation resistance of the Al-Li-Mg alloys. First approach is associated with
optimization of chemical and phase composition of these alloys. Second path is in the development of
thermomechanical processing (TMP) route which provides the manufacturing of semi-finished
products with recrystallized structure. Authors [1] assumed that the formation of recrystallized grains
can improve crack propagation resistance of Al-Li-Mg alloys in contrast to aluminum alloys belonging
to the other systems. However, conventional TMP consisting of cold or warm rolling and final
recrystallisation annealing could not be applied to the Al-Li-Mg alloys because of poor workability of
these alloys at low temperatures that led to a premature fracture under working conditions. At the
same time, recrystallization structure can be easily produced in Al-Li-Mg alloys by equal-channel
angular extrusion (ECAE) at a temperature of ~300°C [3-5].The aim of the present study is to
examing fatigue resistance of an Al-Li-Mg alloy with recrystallized structure. This alloy was subjected
to standard heat treatment consisting of solution treatment followed by oil quenching and subsequent
aging after ECAE.









Typical views of fracture surface of the flat rectangular sample with the edge crack are given in
figure 4. Concentric lines, which are peculiar for fatigue failure can be observed on the sample fracture
(figure 4a). The intergranular type of fatigue crack propagation with same separate sections of plastic
fracture is seen in figure 4b. Crack nucleation appears also on the large particles of the primary phase
Al3(Sc.Zr) on the samples after ECAE up to the strain of 4 (figure 4¢). The fracture observations also
suggest that the crack splitting frequently occurs in the material after ECAP that increases its service
properties.

With low values of AK ~ 6 MPaxm” the fracture morphology shows the intergranular character of
material failure. That is indicated by the facet fracture with the facet size close to the grain size (figure
4a). Data in figure 4 clearly show that the fatigue crack gradually ceases to be sensitive to the grain
boundaries. This is confirmed by the non structure-sensitive character of its spreading in relation to the
grain size at the stage of linear growth (figure 3)

The results of the given research show that intergranular failure that is characterized by the low
sinuosity of the fatigue crack of the samples occurs with low values of the stress intensity factor range
(figure 4a). This causes lower resistance to the fatigue crack growth. With the high values of the stress
intensity factor range the mixed type of failure occurs. The transition from intergranular to
transgranular fatigue failure occurs at scarce non-recrystallized areas (figure 4d). Nevertheless, the
intergranular failure is the dominant mechanism. Rough primary particles also cause brittle fracture
(figure 4c).

4. Conclusions

The development of ultrafine grained microstructure by ECAE does not lead to significant
improvement of the fatigue properties for the 1421 aluminum alloy as compared to relatively coarse
grained microstructure evolved after conventional hot extrusion. The S-N curve does not show any
deflection points and noticeable knees. Behavior of the 1421 alloy in LCF range and HCF range is
almost the same. The stage 111 of unstable crack propagation can hardly be revealed on the relationship
between the fatigue crack growth rate and the stress intensity range.
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