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connection
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Fig.4 Microstructure of crack propagation on thermal

compression deformation of magnesium alloy
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Fig.5 Determination of critical fracture deformation of thermal

compression: (a) length of original pattern and (b) length

of cracking
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Table 1 Critical fracture strain under different thermal

deformation conditions

Strain rate/s™

Temperature/'C

0.01 0.1 1 10
250 0.22523  0.19807 0.1696 0.13508
300 0.29437  0.23977  0.20336  0.18673
350 0.36025  0.34838  0.26768  0.22523
400 0.41804  0.36635 0.3105 0.26136
450 0.45544  0.40797 0.36384  0.31243
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Fig.6 Damage evolution of as-cast AZ31B magnesium alloy

during thermal compression
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Table 2 Critical fracture damage values under different

thermal deformation conditions

Strain rate/s”"

Temperature/C

0.01 0.1 1 10
250 62.0085  58.0074 52.9871 46.1596
300 70.4032  60.6068 56.1522  54.5563
350 76.6585  71.0976 67.0299 61.7347
400 85.6784  78.7825 69.4144 64.6366
450 88.8043  81.4427 77.7171 72.1377
b
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Fig. 7 Influence of deformation temperature and strain rate on critical fracture damage value of magnesium alloy: (a) graphic model and

(b) projection drawing
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Fracture Criterion on Thermal Deformation of AZ31B Magnesium Alloy

Zhao Dake, Ma Lifeng, Zhu Yanchun
(Heavy Machinery Engineering Research Center of Ministry of Education, Taiyuan University of Science and Technology,
Taiyuan 030024, China)

Abstract: As-cast AZ31B magnesium alloy after homogenization treatment was taken as the research object, and a thermal simulation
compression test with deformation temperature of 250~450 °C and strain rate of 0.01~10 s was carried out on the Gleeble-3500 thermal
simulator. The critical crack strain in the process of thermal compression was determined by high speed photographic technique, and the
critical crack damage value was determined by FEM simulation. The results reveal that the classical Freudenthal criterion can well reflect
the phenomenon of surface crack initiation and propagation observed by high-speed photographic technique and thermal simulation
compression experiment, and the results are consistent with the metallographic observation. Therefore, based on the Freudenthal criterion,
a new fracture criterion was established by introducing the Zener-Hollomon factor to characterize the effect of deformation temperature
and strain rate on the critical fracture damage of magnesium alloy during thermal deformation process. The fracture criterion well indicate
the relationship between the critical fracture damage value of magnesium alloy and the stress state, strain, deformation temperature and
strain rate, which provide a theoretical support for predicting thermal deformation cracking of as-cast AZ31B magnesium alloy and lay the
technical foundation for optimizing the parameters of thermal processing of the alloy.

Key words: AZ31B magnesium alloy; high-speed photographic technology; thermal deformation fracture criterion; critical fracture

damage
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