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Fatigue Behavior of AZ31 Extruded Magnesium Alloy in Laboratory Air

Zhenyu NAN, Sotomi ISHTHARA**
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3190 Gofuku, Toyama-shi, Toyama, 930-8555 Japan

Rotating bending fatigue test was carried out using AZ31 extruded magnesium alloy in order to
clarify the S-N curve, crack initiation and propagation behavior of the alloy. The mechanisms of
both crack initiation and crack arrest at the grain boundary during the fatigue process were
investigated in detail with a special attention to the microstructure of the material. The material is
divided roughly into 2 kinds of banded texture, the phase A (white zone) and B (black zone). The
phase B consists of the crystal grains (phase C). Near the endurance limit of the material, fatigue
life is greatly affected by a slight difference in the stress amplitude. This feature in fatigue lives is
responsible to the sharply curved S-N curve at the endurance limit, a general characteristic of the
extruded magnesium alloy. The fatigue crack initiates at the upper and lower edges of the grain
boundary of the phase C in the early stage of the fatigue life. At stress amplitude of 122.5 MPa which
is slightly larger than the fatigue limit, the crack propagates to the next B-phase without being
blocked by the grain boundary of the phase C, however at 120 MPa which is slightly less than the
fatigue limit, the crack advance was blocked by the grain boundary. The sharp curved S-N curve
is attributable to the crack arrest which is caused by the grain boundary of the phase C. By
integrating the relationship between stress intensity factor and crack growth rate, the calculated S-
N curve agrees well with the experimental result.

Key Words: Fatigue, Magnesium Alloy, S-N Curve, Fatigue Crack, Crack Initiation, Crack
Propagation, Crack Arrest
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BT AV TERSEENC OV TR L TV, & Table 1 Chemical compositions ofthe material. ~ (W%)

ZUIBRERMEDDRAE L, F7- SRR IR All Zn | Mn | Fe Ni Cu | Si | Ca|Mg
RIELI-RER L A2 L 28 LT, Shih 593, 298 | 097 | 0004 | 0007 | 0.005 | 0.002 | 002 | 005 | Bal.
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Table 2 Mechanical property of the material.

Yield Tensile . Young’s
Stength | Stengh | OO | odulus
200MPa | _275MPa 1% 45GPa

Table 3 Composition and vickers hardness of the microstructure.

Structure | Composition | Vickers hardness Typical size(um)
A Mg 61 Wa=40
B Mgy (Al Zn)s 923 Wg=24
C Mg7Al, 83 d;=20

We

A White Zone
(Phase A)

‘\ Dark Zone
i (Phase B)

Phase C

Fig.1 Microstructure of the AZ31 alloy.
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Fig. 2 Shape and dimensions of the specimen. (mm)
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Fig. 3 S-N curve for the AZ31 alloy in laboratory air.
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Fig. 4 Comparison of present S-N curves with others.
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Fig.6 Successive observations on a specimen surface during the fatigue process (6,=122.5MPa).
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Fig, 7 Variations of crack lengths as a function of fatigue life
xatioN/Nf.
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Table 4 Ratio between plastic zone size and crack length.
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Fig. 8 Fatigue crack growth rate as a function of AK.
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Fig.11 Modeling of the microstructure.
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Fig.12 Mechanism of crack initiation.
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