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Abstract. Fatigue-crack-growth in an ultrafine-grained (UFG) Al-6%Mg-0.3%Sc alloy is
investigated in conjunction with a precise analysis of the fracture surface. The comparison of the
crack growth behavior of the UFG and ordinary polycrystalline materials has shown that the fatigue
crack growth rate in the UFG alloy is higher than that in the coarse-grained material only in the
near-threshold region. In the intermediate fatigue stage, propagation of the fatigue-crack in the UFG
structure becomes insensitive to the grain size. At larger stress-intensity-factor-increments, AK, the
crack resistance of the UFG material is better than that of un-ECAPed specimen. Analysis of the
surface features indicates that such inhibition of the crack growth in the UFG structure upon
increasing AK may be related to the gradual transition from intergranular- to transgranular mode of
fatigue fracture.

Introduction

In recent years there has been an increasing interest in the production of ultrafine-grained (UFG)
materials by means of intense plastic straining (IPS) for both commercial and investigative purposes
[1]. These materials exhibit mechanical and physical properties, which are out of the ordinary and
of great interest, in particular their remarkable strength and toughness and their potential for
superplasticity at low temperatures [e.g. 1-3]. A respectable amount of works [4-7] has also been
focused to date on the effect of UFG structures on fatigue properties, as well as on the fundamental
aspects of the behavior of UFG materials under cyclic loading conditions.

Traditionally, the total fatigue life of a metallic material is divided into two stages, namely, the
stage prior to crack initiation and the stage of crack propagation. It has been well established now
that the grain refining down to submicrocrystalline region after IPS may normally extend the crack
initiation stage due to the improvement of the strength of material [8]. On the other hand, the
fatigue crack growth behavior still remains least studied among other mechanical properties of UFG
materials. It has been shown [4,6,7] that the resistance of UFG polycrystals to fatigue crack growth
may be lower in the near-threshold region of the crack propagation than that of coarse-grained ones,
as the fatigue fracture in the UFG structure occurs more readily in the intergranular manner and can
be attributed to a less tortuous crack path. At the same time, a more ductile transgranular mode of
the crack distribution with striations, corresponding to crack tip retardation and blunting, has been
reported for some UFG Al- and Cu-alloys both under low- and moderate-to-larger stress-intensity-
factor-increments conditions [9]. Unfortunately, the morphological features of the fatigue fracture
appeared in a wide interval of the loading parameters are still poorly examined. As a result, the
precise mechanisms of cyclic degradation in submicrocrystalline grain structures are undisclosed
yet due to the lack of the related experimental data. The objective of this study is, therefore, to
investigate the fatigue-crack-growth behavior of an Al-6%Mg-0.3%Sc alloy with an UFG structure
introduced by IPS. This alloy is an advanced structural material for automotive and aviation
industry and, hence, the evaluation of the potentiality of improvement of its fatigue properties by
means of IPS seems to be very important for commercial application. Upon the measurement of the
fatigue-crack-growth rate, specific attention in the current work is paid to analyze the















their distribution becomes more uniform, i.e. these phases are profoundly fragmented and/or
dissolved during warm-to-hot IPS [17,18]. As the result, the harmful effect of the second phases on
the rate of fatigue crack propagation becomes much weaker. In the other words, ECAP can provide
additional improvement of the crack resistance in the present Al-Mg-Sc alloy due to a
fragmentation and/or dissolution of coarse primarily particles during IPS.

Summary

The fatigue-crack-growth behavior of an UFG (grain size ~1 um) Al-6%Mg-0.3%Sc alloy produced
by warm-to-hot ECAP is investigated in the present work. The main results are summarized as
follows.

1. In the near-threshold region, the UFG material exhibits a higher fatigue crack growth rate than in
the original coarse-grained state. The low crack resistance in the UFG material in this stage is
related to the preferred intergranular mode of fatigue fracture and low tortuous crack path.

2. In the intermediate fatigue stage, the crack propagation in the UFG structure becomes insensitive
to the boundaries of UFG grains. At that, the crack growth is accompanied by a gradual change
from intergranular fatigue fracture to transgranular one.

3. Change in the fracture mechanism mentioned in (2) is accompanied by a remarkable coarsening
of the fracture surface and/or increasing the tortuosity of the crack path. This, hence, inhibits the
crack propagation rate in the UFG material. As a result, at relatively large stress-intensity-factor-
increments, the UFG material exhibits better fatigue crack growth resistance than original coarse-
grained one.
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