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Deformation  and  fatigue  of extruded  Mg-8.0Gd-3.0Y-0.5Zr  (GW83,  wt%)  magnesium  (Mg)  alloy  were
experimentally  investigated  under  cyclic  torsion  using  tubular  specimen  fabricated  along  the  extrusion
direction.  The  controlled  shear strain  amplitudes  ranged  from  0.606%  to  4.157%.  Twinning  and  detwinning
of  extension  twins  are  observed  to  take  place  during  cyclic  torsion  and  the  shear  stress-shear  strain
hysteresis  loops  display  a  perfectly  symmetric  shape  at all tested  strain  amplitudes.  Marginal  cyclic
softening  is  observed  when  the shear  strain  amplitude  is  higher  than  1.732%.  The  strain-life  fatigue  curve
shows  two  kink  points,  corresponding  to  the  shear  strain  amplitude  of  1.040%  and  1.732%,  respectively.
When  the  shear  strain  amplitude  is  higher  than  the  upper  kink  point,  early  fatigue  crack  is  found  to
initiate  on the  maximum  shear  plane.  When  the  strain  amplitude  is  lower  than  the  lower  kink point,

fatigue  cracking  is parallel  to the  maximum  tensile  plane.  At  an  identical  equivalent  strain  amplitude,
the  fatigue  life  under  pure  shear  is  much  higher  than  that  under  tension-compression.  The  fatigue  life of
extruded  GW83  alloy  is much  higher  than  that of extruded  AZ31B  alloy  at the  same  plastic  strain  energy
density.

©  2019 Published  by Elsevier  Ltd  on  behalf  of The editorial  office  of  Journal  of  Materials  Science  &
Technology.
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ght magnesium (Mg) alloys have attracted attention as
l materials in the aerospace and automotive industries

 density and high mechanical property [1,2]. Load bear-
ural components are usually subjected to cyclic loading.

s state influences the fatigue behavior. It is, therefore, nec-
 characterize the fatigue behavior of wrought Mg  alloys
ferent stress states.
ntional wrought Mg  alloys usually present a strong basal
uring plastic deformation [3,4]. Extensive studies have
ducted on monotonic and cyclic deformation of conven-
ought Mg  alloys. Under monotonic loading, a conventional
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steresis loop closely depends on the strain amplitudes [8].
ning and detwinning of extension twins occur alternately
ed Mg  alloys loaded along the extrusion direction at high
plitudes [9,10]. The directional nature of twinning activa-
lts in the asymmetric shape of the stress-strain hysteresis
er cyclic loading.
addition of rare earth (RE) elements, wrought Mg-RE
ve a weaker texture, higher mechanical property, and
isotropy [11,12] as compared with the conventional
s. The extruded Mg-Gd-Y-Zr alloys present a smooth
ain curve and display a yielding symmetry in mono-
sion and compression [13,14]. It shows near-symmetric
ain hysteresis loops at high strain amplitudes under the
sion-compression due to insignificant extension twinning

nd torsion of a tubular specimen creates a pure shear stress

re shear is an important stress state as compared with
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torsion in Mg  alloys. The volume fraction of extension
osely related to shear strain and independent on the load-
ion. Swift effect, i.e., the second-order axial effect during

torsion, is mainly resulted from extension twinning [17].
 free end torsion on the microstructure evolution and
al properties of conventional wrought Mg  alloys were

ted [18–20]. Pre-torsion deformation was employed to
 texture, to improve mechanical properties and to reduce
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y. For instance, the tensile and compressive properties
roved via a simple pre-torsion for extruded AZ31 alloy
xperiments under cyclic torsion of conventional wrought
s were conducted in recent years [21–24]. A symmetric
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Mg alloy
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Initial microstructure and texture of extruded GW83 alloys: (a) three-dimensional micro
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 stress-strain hysteresis loop was  observed at all shear
plitudes tested under cyclic torsion [23]. Although twin-

 detwinning were involved in cyclic torsion at high strain
es, the shear stress-shear strain hysteresis loops were

etrical [21]. However, there were only a few investiga-
cyclic torsion and shear fatigue of the weak textured Mg

0Gd-3.0Y-0.5 Zr (GW83) alloy is a typical weak texture and

gth Mg-RE alloy as compared with conventional wrought

s. This paper studies the deformation and fatigue of an
 GW83 alloy under cyclic torsion along the extrusion direc-

structure, (b) (0002) and {10-10} pole figures on the RD-TD plane.
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ruded Mg-8.0Gd-3.0Y-0.5 Zr (wt%) bar with a diameter of
as employed in this study. The bar was extruded at 450 ◦C
xtrusion ratio of 25:1. Solid specimens for monotonic pure
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 and gage length was 24.0 mm and 30.0 mm,  respectively.
ion experiments was examined at room temperature with

 rate of 2◦/s. The torsion direction was perpendicular to
sion direction. More experimental details on specimen
on and microstructure observation can be founding in the

 [13].
a) shows the initial optical microstructure on the ED-RD,
d RD-TD (RD-radial direction, TD-transverse direction)

 extruded GW83 alloy. The average size of equiaxial grains
ee planes is about 25 �m.  Several extrusion bands can be
e matrix and parallel to the extrusion direction. Fig. 1(b)

(0002) and {10-10} pole figures on the RD-TD plane of
 GW83 alloy. It can be seen that extruded GW83 alloy

 weakened texture. The intensity of (0002) pole is much
n that of the conventional extruded Mg  alloys.

anical experiments

 torsion experiments were performed by using tubular
s with their axes along extrusion direction. The outer
r diameter were 24 mm and 20 mm,  respectively. The
th of the shear extensometer was 25.4 mm.  The shear
plitudes were controlled in the experiments and they

om 0.606% to 4.157%. More experimental details on fatigue
ssing and microstructure observation can be founding in

ence [13]. The tension-compression fatigue properties of
 GW83 alloy from Reference [13] and shear fatigue prop-
xtruded AZ31B and AZ61A alloys from Reference [21,23]

to compare with the fatigue data of extruded GW83 alloy
current study.
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 The 0.2% yield strength in shear is approximately 52 MPa.
s-strain curve of the extruded GW83 alloy obtained from
tonic tension experiment has been studied in an earlier
]. The yield stress, ultimate tensile stress and elongation
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ar stress-shear strain hysteresis loops of extruded GW83 alloy: (a)
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Pa, 307 MPa  and 16.4%. Similar to the properties under
ic tension, extruded GW83 alloy displays work hardening
ckling under torsion.

c torsion

 shows the shear stress-shear strain hysteresis loops of
 GW83 alloy obtained from cyclic torsion at the three
plitudes of 2.078%, 1.472% and 0.693%, respectively. The
ain hysteresis loops of the first 10 cycles, half-life cycle
with the fatigue-life cycle are plotted in the figure. The

 GW83 alloy presents a perfectly symmetric shape of
ess-strain hysteresis loop under cyclic torsion at the
ted strain amplitudes. Fig. 4 shows the variations of the
ess amplitudes with the number of loading cycles at
ain amplitudes ranging from 0.606% to 2.425%. When the
ain amplitude is lower than 1.732%, the extruded GW83
lays slight cyclic softening first and then marginal cyclic

g. The cyclic hardening behavior is due to the increased

n slips and small volume fraction of extension twin-

the other hand, when the strain amplitude is higher than
he material displays cyclic softening until final fracture.
c softening behavior at higher strain amplitudes may be
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Fig. 4. Variation of shear stress amplitude with number of loading cycles under shear strain amplitudes from 0.606% to 2.425% for extruded GW83 alloy.

Fig. 5. Stabilized shear stress-shear strain hysteresis loops at half-life cycles.

Table 1
Shear fatigue results for extruded GW83 alloy obtained from free end torsion experiments.

Spec ID ��/2  (%) �εeq/2 (%) ��/2  (MPa) �m (MPa) �Wp (MJ/m3) Nf

83IITU30 4.157 2.4 135.8 0.42 – 39
83IITU35  2.915 1.68 128.3 0.34 – 78
83IITU23  2.425 1.4 123.5 0.42 4.389 175
83IITU36  2.078 1.2 119.2 0.46 3.233 382
83IITU27  1.905 1.1 116.7 0.21 2.714 583
83IITU17  1.732 1.0 110.9 0.17 2.060 2,275
83IITU28  1.472 0.85 99.9 0.12 1.396 5,083
83IITU22  1.212 0.7 97.1 −0.05 0.916 14,700
83IITU20  1.040 0.6 93.2 0.35 0.680 27,780
83IITU21  0.866 0.5 92.3 0.71 0.400 47,000
83IITU18  0.693 0.4 83.9 0.22 0.213 149,653
83IITU31  0.606 0.35 79.2 −1.04 0.105 630,619
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 to the increased volume fraction of extension twin-
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ops with the shear strain amplitudes ranging from

o 2.425%. The enveloped area stands for the strain
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of strain
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 = Stabilized shear stress amplitude; �m = Stabilized mean stress; �Wp

on, the stress-strain hysteresis loops of extruded GW83
early symmetric at a strain amplitude below 1.2% under
sion-compression. The asymmetry in the stress-strain

s loop under tension-compression at a higher strain
e is due to twinning-detwinning [13]. For cyclic tor-
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Fig. 6. Strain-life fatigue curves of torsion and tension-compression for extruded GW83 alloy.
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− 
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 stresses are virtually zero for the fully reversed strain-
d cyclic torsion.
shows the shear strain-life fatigue curve of the extruded
loy. For a comparison, the tension-compression fatigue

 extruded GW83 alloy from Reference [13] are also pre-
he blue markers represent the results of cyclic torsion and

 circles denote the results of cyclic tension-compression.
 in Fig. 6 that two kink points exist in the shear strain-life
rve. The kink points for extruded GW83 alloy correspond

strain amplitudes of 1.040% and 1.732%, and the fatigue
,800 and 2300 cycles, respectively. The strain-life fatigue
n be described by the following equation:
ε0)
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Nf = C (1)
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Fig. 9. Strain-life fatigue curve of shear fatigue for extruded GW83, AZ31B [23] and AZ61A [21,24] alloys.
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