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Improvement of Formability of AZ31 Magnesium Alloy Sheet

during Warm Deep Drawing

Myeong-Sup Rhee, Dae-Min Kang
(Received October 6, 2005)

Abstract

In this study, the experiments of warm deep drawing were done with heated die, and with heated die and blankholder,
and cooled punch in order to investigate the formability of AZ31 magnesium alloy sheet in warm deep drawing. For this,
warm deep drawing experiments were executed under various temperatures and punch velocities. The results of warm
deep drawing with heated die showed that fracture occurred around the punch part at punch velocity of 75mm/min and
punch stroke of 10mm under temperature range of 373-523K, but did not occur under temperature range of 548-673K
even punch stroke of 25mm. And fracture at the punch stroke of 25mm and the temperature of 523K did not occur under
the punch velocity of 30mm/min, but occurred under punch velocity of 75 and 125mm/min. Also warm deep drawing
with heated die and blankholder, and cooled punch showed that the temperature range happening maximum height under
punch velocity of 10-100mm/min was around 498-523K. Finally, with heating and cooling technique necking of
AZ31magnesium alloy occurred at punch shoulder part under the temperature range of 293-423K, but at die wall part

under the temperature range of 473-573K.
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Fig. 1 Equipment for warm deep drawing with

heating die part

Table 1 Chemical composition (%) of magnesium alloy

sheet(AZ31)
Al Zn | Zr | Mn | Fe! Si | Cu Ni | Ca
191 1.1 - 47 | - [ 1.0} 0.1 [ 003 | -

Table 2 Results and conditions for warm deep drawing

by heating die part
Temp. Punch velocity | Punch Necking
(K) (mm/min) stroke (part)
(mm)

293 75 10 Separation
373 75 10 Punch
448 75 10 Punch
473 75 10 Punch
498 75 10 Punch
523 30 25 No necking
523 75 10 Punch
523 125 25 Separation
548 30 25 No necking
548 75 25 No necking
548 125 25 No necking
573 30 25 No necking
573 75 25 No necking
573 125 25 No necking
673 75 25 No necking
673 125 25 No necking
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(a) 498K (h=10mm)

(b) 523K (h=10mm)

(¢) 573K(h=25mm)

(d) 673K(h=25mm)
Fig. 2 Experimental results with heating die part

Table 3 Results and conditions for warm deep drawing

by local heating and cooling technique

Temp. Punch velocity | Punch stroke at | Necking
(K) (mm/min) necking(mm) | (part)
293 10 5.73 Punch
293 100 6.51 Punch
373 10 8.65 Punch
373 100 9.05 Punch
423 10 9.41 Punch
423 100 9.01 Punch
473 10 16.07 Punch
473 100 12.46 Punch
498 10 24.49 Die wall
498 100 15.69 Die wall
523 10 18.32 Die wall
523 100 21.59 Die wall
573 10 15.57 Die wall
573 100 15.02 Die wall
673 10 13.83 Die wall
673 100 14.08 Die wall
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(a) 10mm/min(T:293K)  (b) 100mm/min(T:293K)

(¢) 10mm/min(T:523K)
Fig. 3 Experimental results with heating and cooling

(d) 100mm/min(T:523K)
technique
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