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Evaluation of Formability Sensitivity to Die Design in Warm
Square Cup Deep Drawing of AZ31 Sheet

H. K. Kim, G. D. Kim
(Received November 2, 2006)

Abstract
Magnesium alloy has low formability at room temperature and therefore, in many cases, forming at elevated

temperatures is necessary to obtain the required material flow without failure. In the present study, square cup deep

drawing tests using the magnesium alloy AZ31 sheet were experimentally conducted using the punches and dies with

different edge radius to evaluate the formability sensitivity to the die design variables. The experimental results showed

that the fracture position over the cup wall moved from the punch nose to the flange as the die temperature increased, and

that the drawing depth change was more affected by the punch radius than the die radius.
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Fig. 1 Press forming equipment: (a) warm deep
drawing die system, (b) servo press(200ton,
Komatsu Industries Corp.)
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Fig. 2 Servo press slide motion profile used for 40mm
drawing of AZ31 sheet
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Fig. 3 Die design variables for square cup deep drawing
die system

Table 1 Spec. of punch & die sets for square cup deep
drawing die system (unit: mm

Set Cormer Die radius Punch radius
radius (Rc) (Rd) (Rp)

#1 10 6.25 6.25

#2 10 3 6.25

#3 10 3 1.8

#4 10 6.25 1.8
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Fig. 4 Drawing depth dependency on temperature for
four punch & die sets
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Fig. 5 Drawing failures for set #1 (a) after 35mm
drawing at 200°C, (b) after 40mm drawing at

200°C
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Fig. 6 Drawing failures for set #2 (a) after 10mm
drawing at 150°C, (b) after 20mm drawing at
250°C
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Fig. 7 Drawing failures for set #3 (a) after 10mm
drawing at 200°C, (b) after 10mm drawing at
250°C
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Fig. 8 Drawing failures for set #4 (a) after Smm
drawing at 200°C, (b) after 15mm drawing at
250°C
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