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Table 1  Chemical composition of AZ31 magnesium 

alloy (ω/%) 

Al Zn Mn Si Fe Cu Ni Mg 

3.35 0.96 0.4 0.1 0.005 0.05 0.005 Bal. 
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Fig.1  Measurement results of edge crack depth by digital 

microscope under different reductions: (a) 20%,  

(b) 25%, (c) 30%, (d) 35%, (e) 40%, and (f) 45% 
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Fig.2  Damage distribution of AZ31 magnesium alloy rolled under different reductions: (a) 10%, (b) 15%, (c) 20%, 

(d) 25%, (e) 30%, (f) 35%, (g) 40%, and (h) 45% 
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Fig.3  Effect of rolling reduction on the edge damage of AZ31 

magnesium alloy sheet 
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Fig.4  Damage distribution curves of AZ31 magnesium alloy 

along TD direction rolled under different reduction 
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Table 2  Comparison of actual edge crack depth with 

calculated value 

Reduction/%  

20 25 30 35 40 45 

Actual/mm 5.240 7.653 9.545 11.718 12.290 14.056 

Calculated/mm 5.321 6.856 10.418 12.439 14.039 15.498 

Error/% 1.55 10.41 8.73 6.16 14.23 10.26 

Average error/% 9.23 
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Fig.5  Triaxial stress distribution of magnesium alloy in rolling deformation zone: (a) RD direction, (b) TD direction, 

and (c) ND direction 
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Fig.6  Microstructures of edge crack zones of as-cast AZ31 magnesium alloy rolled under different rolling reductions: 

(a) 10%, (b) 15%, (c) 20%, (d) 25%, (e) 30%, (f) 35%, (g) 40%, and (h) 45% 
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Prediction Model of Edge Crack Depth of Rolled AZ31 Magnesium Alloy Sheets 

 

Huang Zhiquan, Wei Jianchun, Ma Lifeng, Zhu Yanchun, Wu Dongzu 

(Heavy Machinery Engineering Research Center of Education Ministry, Taiyuan University of Science 

and Technology, Taiyuan 030024, China) 

 

Abstract: The numerical simulation and experimental verification of the rolling process of as-cast AZ31 magnesium alloy sheet with an 

initial thickness of 7 mm were carried out at 400 °C. The reductions were 10%, 15%, 20%, 25%, 30%, 35%, 40% and 45%. The 

microstructure and edge cracks were analyzed after rolling. The results show that edge cracks occur when the single pass reduction reaches 

20%. The edge crack depth increases from 5.24 mm at 20% reduction to 14.056 mm at 45% reduction in the rolling condition. According 

to the numerical simulation results, the damage distribution along the width of the plate was obtained, and the prediction model of the edge 

crack depth was established. For the edge crack depth, the average error between the actual measured data and the calculated value by the 

prediction model is 9.23%. SEM observations show that the microstructure near the edge crack contains a large number of twins. 

Key words: AZ31 magnesium alloy; microstructure; edge crack depth; prediction model 
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