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Multi-Stage Forming Process Applied to Warm Drawing of
Magnesium Alloy AZ31 Sheet

H. K. Kim, G. D, Kim

Abstract

In the present investigation, the multi-stage warm drawing process was applied to the magnesium alloy AZ31 sheet to
examine the feasibility of multi-stage forming process as a high formability product making process. For that purpose, a
multi-stage drawing die system with heating module was developed, and the AZ31 sheets of different sizes were
consecutively drawn by the multi-stage drawing die. The obtained drawn cups of AZ31 showed that the multi-stage
drawing provided the better formability than the single stage drawing in terms of drawing depth without cup defects such
as wrinkles or fractures. The sheet formability improvement by using the multi-stage drawing die system against the
single stage was also analyzed in terms of the finite element analysis of material state variables evolution.
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Fig. 1 Punch and die design for multi-stage drawing

Fig. 2 Servo press (Komatsu, 200ton)
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Fig. 3 Cup shape design for three stage drawing
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Fig. 4 Drawn cup shapes at (a) 1* stage, (b) 2™ stage,
(¢) 3™ stage for three stage drawing, and (d)
single stage drawing at 3™ stage.

Fig. 5 Comparison of drawn cup shapes, (left) after
three stage drawing, (right) after single stage
drawing at 3™ stage
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Fig. 6 Four points on blank for point tracking of state
variable
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Fig. 7 Comparison of major- and minor-strain
evolution, (a) three stage drawing, and (b)
single stage drawing at 3" stage
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