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Constitutive Relationship of Magnesium Alloy Foil Based on the Size Effect
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ABSTRACT: Objective To explore the size effect of AZ31 magnesium alloy in the micro—tensile process, and to propose
a constitutive model applicable to this process. Methods AZ31 magnesium alloy foil was used as the test material, and mi-
cro—tensile tests were carried out for samples with different thicknesses and grain sizes. Results There was obvious size
effect in uniaxial tension, and the Swift model was modified based on the experimental data, resulting in a constitutive mod-
el that was suitable for magnesium alloy micro—tensile test. Conclusion The surface layer model was used to explain the
phenomenon of size effect during the micro—tensile test of samples with different thicknesses, and the fine grain strengthe-
ning theory explained the phenomenon of size effect occurred during the micro—tensile test of samples with different grain si-
zes. The modified constitutive model agreed well with the experimental data.
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Table 1 Chemical composition of magnesium alloy AZ31

L& Al 7n Mn

Si Be Cu Mg

AZ31B 3.19 0.81 0.334
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Fig. 1 Specimen dimensions and geometry
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Fig. 2 The relationship among the tensile strength, elongation

and thickness
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Fig.3 The relationship among yield strength, elongation and

grain size
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Fig. 4 Flow stress —strain curves corresponding to different

grain sizes
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Table 2 Material parameters for the Swift model of

different grain sizes

BN /um K/MPa £ n
4.0 443 0.007 0.169
5.5 303 0.005 0.165
10.0 305 0.006 0.185

Michel J F %5 N'PHMBIE T Swift 5181 T —
T e RS 3400 (4 o S R AR o =0 F (A L), 2
H A ARPRH RS R B R SCER[ 15 T A 2 58
B ¢ A1 ORI R A, MEIE S B AT LUE | ZEROR
T R RH TR B ) AL AERLN A & K, 15
WHER RS ARV OC &R, I, a3 A =1/d
2 SRS 3500 X A OC R 52, 6 3 Ry AN [A] i
PRGE TR A B AR Y 25 i RO 200 Y
NI AE R RV URIR N o=0,F(1/d, &) , FEEIE
JE BRI R A =10 B, F(1/d,e)=1,0FH o, =
305(0.006+&)'®

R3 MRS

Table 3 Material parameters of micro-tensile specimen
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Fig. 5 Flow stress—strain curve for AZ31 calculated

with the new model
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