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Abstract—A study of the resistance to fatigue-crack growth in a submicrocrystalline alloy Al-6% Mg—0.3%
Sc-0.4% Mn in combination with a precision analysis of the fracture surface of the samples has been per-
formed. A comparison of crack resistance between coarse-grained and submicrocrystalling states of this alloy
showed that only at the stage of near-threshold crack growth the velocity of fatigue-crack propagation in the
submicrocrystalling state proves to be higher than that in the coarse-grained state. At the stage of linear crack
growth, the fatigue-crack propagation becomes insensitive to the grain size. Upon transition to the stage of
accelerated crack growth, the velocity of crack propagation in the submicrocrystalline alloy is retarded. A frac-
tographic analysis of the fracture surface of the samples indicates that the retardation of the fatigue-crack
growth in the submicrocrystalline alloy is connected with a gradual transition from the intercrystalline to the
transcrystalline mechanism of fatigue fracture of the material.

PACS numbers: 62.20. Mk, 81.40.Np

INTRODUCTION

At present, numerous studies are performed to
investigate the effect of severe plastic deformation
(SPD) on the mechanical properties of materials. It is
shown that the employment of SPD to form a submicro-
crystalline (SMC) structure makes it possible to
improve characteristics of static strength of metals and
alloys [1-4] and to obtain high values of superplasticity
at fairly high strain rates (~10-2s1) [5-7]. A large num-
ber of works (e.g., [8—-17]) are also devoted to fatigue
properties of materials subjected to SPD.

It is a common practice to subdivide the fatigue
curves in materials into two stages, namely, the stage of
fatigue-crack nucleation and the stage of its propaga-
tion. It is known that grain refinement by SPD methods
prolongs the stage of crack nucleation, because of an
increase in the strength of SPD-treated materials
[18, 19]. Yet, the behavior of materials at the stage of
crack propagation is the least understood property of
SMC structures. It was shown in [&, 10, 11, 13, 14] that
in the near-threshold range of crack growth the resis-
tance to fatigue-crack growth of SMC polycrystals can
be lower than that of coarse-grained materials, since the
fatigue fracture in SMC structures occurs more easily
by the intercrystalline mechanism and can be con-
nected with a less wavy trajectory of crack propagation.
At the same time, as was reported in [20], for some
SMC aluminum and copper alloys the transcrystalline
fatigue-crack propagation can prevail at both low and
high values of the double amplitude of the stress-inten-

sity factor. At present, unfortunately, the morphological
features of fatigue fracture formed in a wide range of
parameters of cyclic deformation and/or at different
stages of fatigue-crack propagation have been
investigated insufficiently. As a result, the precision
mechanisms of fracture of SMC materials remain
unclear.

The purpose of this work was to study the cyclic
crack resistance of the Al-6% Mg—0.3% Sc—0.4% Mn
alloy 1570 with an SMC structure formed in the process
of SPD. It should be noted that this alloy became a
promising structural material for civil aircraft construc-
tion, although one of its significant drawbacks is a rel-
atively low crack resistance [21], which limits the wide
application of this alloy. For this reason, the investiga-
tion of the SPD effect on the crack resistance of this
material is of noticeable interest for practice. In this
work, along with measurements of the velocity of
fatigue-crack propagation in the SMC alloy 1570, a
great attention was given to an analysis of morphologi-
cal features of the fracture surface along the crack tra-
jectory, which allow one to reveal the main mechanisms
of its propagation in the SMC structure.

EXPERIMENTAL

The aluminum alloy 1570 used in this work has the
following chemical composition (Wt %): Al-6% Mg—
0.3% Sc—0.4% Mn—0.2% Si-0.1% Fe. The alloy was
produced by the method of semicontinuos casting and
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