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The damping capacity and mechanical response under uniaxial tension and compression were examined for specimens of
extruded magnesium inclined by 0�, 15� and 30� relative to the extrusion direction. It was found that both the microyielding under
uniaxial deformation and the occurrence of strain-dependent damping capacity pertain to the same physical event: the breaking
away of basal hai dislocations from weak pinning points and the subsequent sweeping motion of dislocations between strong pin-
ning points.
� 2014 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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Magnesium alloys have great potential as struc-
tural materials, because they are the lightest of all struc-
tural alloys. Additionally, pure magnesium and some
magnesium alloys are well known to have high damping
capacity [1]. Therefore, material damping using these
materials is a prominent method of controlling vibration
and noise in vehicles when weight reduction is of pri-
mary importance, and in biomedical applications where
the high damping capacity can absorb the vibration and
stress at the implant–bone interface and thus increase
the osseointegration of orthopedic implants [2].

Recently, the deformation behavior of magnesium at
low strain has attracted attention in efforts to under-
stand the mechanism for the initiation of microscopic
yielding [3]. Tensile tests have demonstrated that the
yield point in magnesium is not reached abruptly, but
rather there is gradual yielding when the specimens are
deformed above the proportional limit [4].

To date, the mechanical properties at low strain, where
microyielding may occur, have been characterized in var-
ious ways such as uniaxial tensile/compressive testing
[3,5–10], cyclic loading [11–15] and damping testing
[16,17]. To reveal the activity of dislocations and twin-
ning/detwinning behavior at low strain, the properties

obtained have been analyzed from the viewpoint of
microstructural evolution by means of post-mortem
microscopic observations [8,9,11], in situ observations
employing neutron diffraction [12–15] coupled with
computer simulation using, for example, the elastoplastic
self-consistent (EPSC) model [5,6], and observations of
acoustic emissions [8–10]. At present, with the aid
of EPSC simulation, it is suggested that the initiation of
microyielding in magnesium alloys is due to the activity
of basal hai slip [5–7]. However, further complementary
evidence would help reach a concrete conclusion.

Damping properties are usually characterized at low
strain near microscopic yielding. The damping capacity
of pure magnesium has already been reported for a
single crystal, and it has been measured along various
crystallographic directions [18,19]. The results suggest
that high damping capacity is attained for crystals with
a high Schmid factor (R) for basal hai slip, but not for
crystals with a low Schmid factor, and is well explained
by the model proposed by Granato and Lücke (G-L)
[20,21]. The effect of crystallographic texture on damp-
ing capacity has also been examined qualitatively in
polycrystalline magnesium and its alloys [19,22]. It is
likely that alloys with texture having a high average Sch-
mid factor for basal hai slip are preferable for attaining
high damping capacity. However, the relationship
between damping capacity and texture has not been
quantitatively investigated, and it has been unclear so
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far whether the quantitative relation found for the single
crystal can indeed be extended to textured polycrystal-
line magnesium. This is because it has been difficult to
calculate the average Schmid factor for a given slip sys-
tem of a polycrystalline material. A recent development
of electron backscattering diffraction (EBSD) in con-
junction with scanning electron microscopy (SEM) has
allowed grain structures to be quantitatively character-
ized in the context of the distribution of the Schmid fac-
tor. With the advent of the SEM-EBSD technique, the
effect of texture on damping capacity in polycrystalline
magnesium can be re-examined quantitatively and more
fully.

In this study, the damping capacity and uniaxial ten-
sile/compressive response at low strain were examined
simultaneously in extruded pure magnesium. The
authors intended to clarify the deformation mechanism
at low strain around microyielding by quantitatively
correlating the texture and damping capacity. This is
because both uniaxial deformation and flexural vibra-
tion during damping measurement probably pertain to
the same physical event [17]. The present study presents
further evidence that the microyielding is initiated by the
activation of basal hai slip.

The material used in this study was 99.95% pure mag-
nesium, received as an extruded round bar with a diam-
eter of 40 mm. The microstructures consisted of
equiaxed, recrystallized grains, as shown in Figure 1a.

To understand the mechanical response at room tem-
perature of the extruded magnesium, both damping and
uniaxial tensile/compressive properties were character-
ized. Three types of specimens were taken from the
extruded bar along different directions. For the 0� spec-
imen, the longitudinal axis was parallel to the extrusion
axis. For the 15� and 30� specimens, the longitudinal
axes were inclined away from the extrusion axis by 15�
and 30�, respectively. Because all specimens were taken
from the same bar, all specimens had the same grain size
and the same dislocation configuration.

The damping capacity of the extruded magnesium
was measured at the fundamental resonant frequency
in flexure employing a decay method for rectangular
specimens in a cantilever holder. The specimens had
rectangular shape with a length of 60 mm, a width of
7 mm and a thickness of 1.8 mm. The resonant fre-
quency in the experimental apparatus was 13–14 Hz.
The damping capacity was specified by the loss factor,
g, of free vibration, which is related to the logarithmic
decrement, d, by g = d/p.

Tensile and compressive tests were conducted at an
initial strain rate of 5 � 10�4 s�1. The tensile specimens
had a gauge length of 12 mm and a diameter of 3 mm,
and compressive specimens had a height of 34 mm and
a diameter of 17 mm (except for the 0� specimen, which
had a height of 80 mm and a diameter of 35 mm). Strain
was measured using an extensometer for each specimen.

The texture of the extruded magnesium was charac-
terized by SEM-EBSD analysis. The texture analysis
showed that most of the basal planes lie parallel to the
extrusion axis, as shown in Figure 1. The distribution
of Schmid factors in the present material was character-
ized using the EBSD data.

Nominal stress (r)–nominal strain (e) curves at low
strains for the specimens examined in this study are shown
in Figure 2a–c. The slope of the initial proportional
regions agreed with the dynamic Young’s modulus of
the 15� specimen (E = 44 GPa), which was determined
employing the free–free transverse vibration method.

Deviation from linearity (arrows in Fig. 2a–c), or

microyielding, occurred at e = ±2.7 � 10�4 for the 0�
specimen and the proportional limit decreased with
inclination angle. After the smooth elastic–plastic transi-
tion, nearly linear strain hardening behavior was

Figure 1. (a) Typical inverse pole figure map and (b) (0001) pole figure
of extruded magnesium. The cross-sectional plane parallel to the
extrusion direction was examined and the extrusion direction is vertical
in (a).

Figure 2. (a)–(c) Stress–strain curves and (d)–(f) variation in the loss
factor with the strain amplitude of extruded magnesium inclined by 0�
(a, d), 15� (b, e) and 30� (c, f) relative to the extrusion direction. The
broken lines have a slope equal to the dynamic Young’s modulus of
magnesium (E = 44 MPa).
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