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Tool Temperatures to Maximize the Warm Deep-drawability of
AZ31B Sheets

S. C. Choi, H. J. Kim, H. Y. Kim, S. M. Hong, Y. S. Shin

Abstract

In this study, the formability of AZ31B magnesium alloy sheets was investigated by the analytical and experimental
approaches. Tensile tests and limit dome height tests were carried out at several temperatures between 25°C and 300°C to
obtain the mechanical properties and forming limit diagram (FLD). The FLD-based criterion considering the strain-path
and the blank temperature was used to predict the forming limit in a deep-drawing process of cross-shaped cup by finite
element analysis. This criterion proved to be very useful in determining the optimal process conditions such as blank
shape, punch velocity, minimum corner radius, fillet size, and so on, through the comparison between FEA and
experimental data. In particular, the temperature of each tool that provided the best formability of the blank was
determined by coupled temperature-deformation analyses. A practical method that can greatly reduce the forming time by
increasing the punch speed during the forming process was suggested.
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Fig. 1 True stress — true strain curves of AZ31B Mg
alloy sheet at various temperatures
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Fig. 2 FLD of AZ31B magnesium alloy sheet at
various temperatures
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Table 1 Tool temperature conditions under which
experiments were performed

Tool surface temperature (°C)

. Cootin

Cases Dlehii(ilrank Punch & Pad (Water terip.)
200-50 200 50 Cooling (30°C)
200-100 200 100! Cooling (60°C)
200-150 200 150" Half cooling®
200-200 200 200" No cooling
250-50 250 50 Cooling (30°C)
250-100 250 100 Cooling (60°C)
250-150 250 150 Half cooling
250-200 250 200 No cooling
300-50 300 504 Cooling (30°C)
300-100 300 100¥ Cooling (60°C)
300-150 300 150} Half cooling
300-200 300 200 No cooling

" Actually, 15°C -30°C lower than the controlled temperature
* Actually, 15°C -30°C higher than the controlled temperature
$ Cooling only before test, and no cooling during forming

(a) Case 200-100 (b) Case 200-200

(d) Case 300-200
Fig. 3 Photographs of the drawn cups in temperature

(c¢) Case 250-100
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Fig. 4 Strain paths on the FLD and distribution of
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Table 2 Comparison between FEA and experimental results

Fillet Corner FEA-Exp
Case Thinning Depth at failure, mm Thinning Depth at failure, mm correlatioﬁ
FEA Exp. FEA Exp.
200-50 0.41 10.1 (Safe) 0.16 5.1 <6.0 Good
200-100 0.60 10.1 (Safe) 0.18 6.0 <6.0 Good
200-150 0.84 10.1 (Safe) 0.51 6.0 <6.0 Good
200-200 0.04 {Safe) (Safe) 0.89 5.1 <6.5 Good
250-50 0.70 10.1 (Safe) 0.13 7.0 (Safe) Poor
250-100 0.53 (Marginal) (Safe) 0.15 (Safe) (Safe) Good
250-150 0.60 (Marginal) <125 0.17 (Safe) (Neck) Poor
250-200 1.17 10.1 {Safe) 0.47 7.0 <6.0 Good
300-50 1.22 9.1 <14.5 0.10  (Marginal) (Safe) Good
300-100 1.10 10.1 <123 0.10 (Safe) (Safe) Good
300-150 1.21 10.1 <10.5 0.13 (Safe) (Neck) Good
300-200 117 10.1 {Safe) 0.16 {Safe) <6.0 Poor
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(a) Fast uniform speed
forming

(b) Non-uniform speed
forming

Fig. 5 Comparison of fast uniform and non-uniform
speed forming

4. 8 2

2 dFddiAE
AZ31B mtavlg

N7 Yz
gaeAel 4RIAS

T oA

=i st

_69_

[1] T. Naka, G Torikai. R. Hino, F. Yoshida, 2001, The
effects of temperature and forming speed on the
forming limit diagram for type 5083 aluminum-
magnesium alloy sheet, J. Mat. Proc. Tech., Vol. 113,
pp. 648~653.

[2] K. Siegert, S. Jager, M. Vulcan, 2003, Pneumatic
bulging of magnesium AZ31 sheet metals at elevated



(3]

(4]

3]

temperatures, CIRP Annals-Manu. Tech., Vol. 52, pp.
241~244,

C. Yasumasa, . Hajime, M. Mamoru, 2007, Stretch
formability of AZ31 Mg alloy sheets at different
testing temperatures, Mat. Sci. Eng. A, Vol. 466, pp.
90~95.

F. K. Abu-Farha, N. A. Shuaib, M. K. Khraisheh, K.
J. Weinmann, 2008, Liming strains of sheet metals
obtained by pneumatic stretching at elevated
temperatures, CIRP Annals-Manu. Tech., Vol. 57, pp.
275~278.

A3, A714, 2007, AZ31 A Q) 27 ApZ
A HEzz=goda F3% dAdd did 434
AREe Hrh dTaArtEEsA, Aled
2%, pp. 120~125.

_70._

[6) &=, 48F, o144l 2007, AZ31 wh2ulE
el 23 TGO AYEAA AL
ol BF frEaisd, FFartFHR,

163, HBZE, pp. 614~620.
[7] H. Y. Kim, 8. C. Choi, H. J. Kim, S. M. Hong, Y. S.
Shin and G. H. Lee, 2008, 9th AEFPA Conf., Dagjeon,
Korea (in press).
FHAH, 219, 29
-, 2008, Mg 27+ 3
7tEMzE Ad AEA,
St o3 =% 4, pp. 370~373.
[9] 83, A4,
o]$%., 2008, HA 3
oA AZ31B vtavls &e¥
L #F2AT Y FA
374~377.

[8]

m{>
%



