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Abstract
In this paper, warm deep drawing process with local heating and cooling technique was attempted to improve the

formability of AZ31 magnesium alloy which is impossibly to form by conventional methods at room temperature by

finite element method and experiment. For FE analysis, in first model with considering heat transfer, both die and

blankholder were heated to 573K while the punch was kept at room temperature by cooling water. Also distribution of

thickness and von Mises stress at room temperature and 498K for warm deep drawing were compared by FEM. Uniaxial

tension tests at elevated temperature were done in order to obtain the temperature dependence of material constant under

temperature of 293K~573K and cross head velocity of 5~500mm/min. The phenomenological model for warm deep

drawing process in this work was based on the hardening law and power law strain rate dependency. Deep drawing
experiment were conducted at temperatures of room temperature, 373K, 423K, 473K, 498K, 523K, and 573K for the
blank and deep drawing tools(holder and die) and at a punch speed of 10mm/min.
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Fig. 1 Schematics of warm deep drawing by local
heating and cooling system

Aolth. ¥ AFME FRrGWztY
olgstel AW AFHHS Fie] AZ3]
sl golzezgy sldel ds

3]

2. 714zt M 2H

Fig1& TH71937s A&3 2UHo|m=zm
o AEHY MFEZEA tholot EFAET W
o] AAFoldE JEHE o|&3le EFAE 7Y
A7), AR Bo] ¢33l HAE YA
7 HX e} BAFY FEHFHoAY £EE H22
2 AT 2 Ao olelg 1 dztE]
A zmdg 948 #A=x|, tho|, EFAZY Tz
Soz rdsslgn AgAS Y 7
stety AAazry 23 FUAEEE o] &g
Table 1914 ajAde] A&d zZpztaio A55&
FASR T B3, AR, v 92 vho]lFs AFH
_‘__,_‘O_|_§l- 7_}71— QAAE _,] ’6:!)4—0 5]]/\4_,] zﬁJ,]_ g
el =47 AANHT 848 EE FANGLR
288 wkawgo s 1p0REEHC HAosgs
240, AL 2371 AZ 024mm, 71Z 0.99mm=
Prp EAIECEHLS 50N, FXAEEZE 10mm
/minZ 3th 7tEYAAA NS A3 AEE
M= dAg @4o] rlEd MARC/Mentat
(2003version)©} T},

il
o
HJ

ﬂl

3. 4 8

3.1 A2QUTAEH
nEAAANGL nadgdEFHe JISI3E AlE
HE olgdle] 23S 3P Table 28 AHE

608 /&2 28713 B3| K| /A 14 A7Z, 20054

- K. Manabe

Table 1 Dimensions of punch and die used in the FE.

simulation
Punch diameter/mm 33
Punch shoulder radius /mm 3
Die diameter /mm 355
Die shoulder radius /mm 5

Table 2 Chemical composition (%) of magnesium

alloy sheet(AZ31)
Al | Zn | Zr | Mn [ Fe | Si | Cu Ni | Ca
1.9 1.1 - 47 | - {1.0] 01 | 003 | -

Fig. 2 Uniaxial tensile tester under warm temperature
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Fig. 4 Material value at various temperature
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Fig. 5 Relationship between punch stroke and punch
load under punch velocity of 10mm/min
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Fig. 6 Relationship between limit height and tem-
perature

Table 3 The necking position of warm deep drawing

Temp. of tools | Punch velocity Necking point
293K 10mm/min Punch shoulder
373K 10mm/min Punch shoulder
423K 10mm/min Punch shoulder
473K 10mm/min Die wall
498K 10mm/min Die wall
523K 10mm/min Die wall
573K 10mm/min Die wall
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Fig. 7 The experiment result under 498K

Table 4 Temperatures of component for simulation of

two model
Model 1 Model II
Blank 293K 573K
Punch 293K 573K
Blank holder 573K 573K
Die 573K 573K
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Fig. 8 Effect of heat transfer on warm deep drawing by FEM
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