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Grain Refinement and Improvement of Fatigue Strength
due to Controlled Extrusion in Magnesium Alloys

Mitsutoshi Kamaxura ¥, Keiro Tokay **,

Hideaki Susata***

and Norikatsu Bekku ****

This paper describes the grain refinement due to controlled extrusion and the fatigue behaviour of the extruded
materials in two magnesium alloys, AZ61A and AZ31B. Billets of both alloys were extruded at an extrusion ratio of 67
under controlled conditions with three different outlet temperatures, i.e. working temperatures. It was found that
grain refinement was attained in both alloys whose grain size decreased with decreasing working temperature, in par-
ticular remarkably in AZ31B for which the grain size of approximately 2um was obtained. Thus it was concluded that
extrusion was a very useful method for refining grain size in magnesium alloys. Rotating bending fatigue tests were
then performed using smooth specimens of the extruded materials. In AZ61A, the fatigue strength of the extruded
materials did not depend on grain size, while in AZ31B, increased with decreasing grain size. Fatigue crack initiation
and subsequent small crack growth were examined in AZ31B. Consequently, grain refinement improved significant-
ly both crack initiation resistance and small crack growth resistance, resulting in increase in fatigue strength.
Furthermore, it was indicated that fatigue strength was expressed properly by the Hall-Petch relationship in AZ31B,

but not in AZ61A.
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Table I . Extrusion conditions.

Material Outlet Billet Maximum Extrusion Die Container
code temp. temp. pressure rate  temp. temp.
K) (K) (MPa) (mmin) K) &)
AZ61A-H 740 680 14.9 7.5 708 671
AZ61A-M 709 678 15.0 23 694 671
AZ61A-L 631 584 19.0 0.8 605 573
AZ31B-H 775 727 14.0 94 751 671
AZ31B-M 684 638 17.2 2.0 635 600
AZ31B-L 626 614 19.1 1.2 611 573
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Fig. 1. Microstructures on the cross section perpendicular to the extrusion direction in AZ61A : (a) AZ61A-H,

(b) AZ61A-M, (c) AZ61A-L.

Fig. 2. Microstructures on the cross section perpendicular to the extrusion direction in AZ31B : (a) AZ31B-H,
(b) AZ31B-M, (c) AZ31B-L.
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Fig. 3. Grain size distributions : (a) AZ61A, (b) AZ31B.
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Fig. 4. Grain size as a function of outlet temperature,
or working temperature.

Table II . Mechanical properties.

Material Grain 0.2% proof Tensile Elongation
code size stress  strength

d (um) 0o2(MPa) o5(MPa) ¢ (%)

AZ61A-H 121 212 299 16
AZ61A-M 127 212 295 17
AZ61A-L 5.8 195 296 20
AZ31B-H 74 198 263 18
AZ31B-M 29 233 292 23
AZ31B-L 2.1 249 301 23
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Fig. 5. Relationship between mechanical properties
and grain size.
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Fig. 6. S-N diagrams : (a) AZ61A, (b) AZ31B.
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Fig. 7. Surface crack length as a function of cycle ratio
in AZ31B.
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Fig. 8. Small crack growth paths at (a = 140MPa in AZ31B : (a) AZ31B-H (V= 3.12 (10%), (b) AZ31B-L (V = 84 (10%).

The specimen axis is the vertical direction.
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