AZ3IRDIELL BRI U A BT L & B D 5o
(W5 |5 O # OFLD)
He IR RN AR - R
Effects of Temperature and Strain-Rate on Non-proportion
Stretch-Forming of AZ31 Magnesium Alloy Sheets

, Yohsuke Uekawa**

ﬁl:uli***

Tetsuo Naka ™ and Takashi Katahira***
Abstract

Magnesium alloy usually exhibit low ductility at room temperature due to its hexagonal close-packed
structure. To overcome the problem, the best choice of forming technologies would be warm press-forming
since the ductility becomes considerably higher when heating-up the sheets. In order to determine the optimum
condition of press-forming for magnesium alloy sheets, in the present work, the effects of temperature, strain-
rate and deformation by non-proportional strain path on forming limit diagram (FLDs) for fine-grain AZ31
magnesium alloy sheet were investigated. The pre-strain were added of 1/3 and 2/3 in the fracture elongation by
uniaxial tension. The FLDs of non-proportional strain path were determined by performing punch stretch-
forming tests at various forming speeds (3, 30 and 300 mmemin™') at temperatures of 150, 200 and 250T . The
forming limit strains increased with temperature rise and with decreasing forming speed, where the effect of
forming speed was stronger at higher temperatures. And the forming limit strain increased with non-proportion
strain path after uniaxial tension compared with the proportion strain path. To describe such a characteristic of
FLD of AZ31, the Marciniak-Kucznski type forming limit analysis was conducted using the Backofen-type
constitutive equation (5=Cg"z™). In this analysis, the damage evolution in the necking zone was taken into
account based on Oyane’s ductile fracture criterion. The numerical results of the FLD show a good agreement
with the corresponding experimental observations.
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Table 1

Al |Zn |Mn| Fe | Si |Cu| Ni | Ca | Pb | Sn |others| Mg
2.9 10.82(0.6700022/0.022(0.0018/0.0008/0.001|0.001|<0001| 0.3 | bal

Chemical compositions of specimen (mass%)

Fig.1 9

Microstructure of specimen after annealin

Fig.2 {000 1} pdefigure of sheet surface of specimen 9
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Fig.3 Example of typical forming limit strain in various
forming strain

(a) The first loading

(b) The second loading

Fig.4 Punch stretch-forming test specimen
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Table 2 Forming speeds

Punch speed
(strech drowing)

Crosshead speed
(uniaxial tension test)

44mm * min’!
44mm * min’!
440mm * min’'

3mm * min’!
30mm * min’!
300mm * min’!
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Fig.5 Schematic illustrations of the M-K analysis
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Fig.6 Comparison of FLD between experiment and
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Fig.8 Effect of temperature on non-proportional FLDs at
various temperatures
(Punch speed 3 mm - min™!, Prestrain 2/3)
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Fig.9 Effect of temperature on non-proportional FLDs at
various temperatures
(Punch speed 30 mm - min-1,Prestrain 2/3)
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Fig.10 Effect of temperature on non-proportional FLDs at
various temperatures
(Punch speed 300 mm - min-1,Prestrain 2/3)
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Fig.12 Effect of temperature on fracture elongation
(Crosshead speed 44mm * min-1)
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Fig.13 Effect of temperature on fracture elongation
(Crosshead speed  440mm * min-1)
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Fig.14 Effect of temperature on non-proportional FLDs at
various punch speeds
(Temperature 150°C Prestrain 2/3)
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Fig.15 Effect of temperature on non-proportional FLDs at
various punch speeds
(Temperature 200 C ,Prestrain 2/3)

0.6
0.4 L 300mm = mi ' i
L 3mm - min'
g 02 |
=
=
2] 0 e
5 L/
é X &
0.2 - o0 o B
il
04 30mm - min i
250°C(Prestrain2/3)
-0.6 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

Major Strain

Fig.16 Effect of temperature on non-proportional FLDs at
various punch speeds
(Temperature 250C ,Prestrain 2/3)
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Fig.17 Comparison of FLDs between the proportion loading
and non-proportion loading
(Temperature 200C, Punch speed 3 mm- min™')
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Fig.18 Comparison of FLDs between the proportion
loading and non-proportion loading
(Temperature 200°C , Punch speed 30 mm- min-1)
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Fig.19 Comparison of FLDs between the proportion
loading and non-proportion loading
(Temperature 200°C, Punch speed 300 mm - min-1)
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Fig.20 Comparison of predicted FLDs at punch speeds of

3mm * min-1, at temperature of 150,200 and 250C
with experimental data
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Fig.21 Comparison of predicted FLDs at punch speeds of

3,30 and 300 mm * min-1, at temperature of 200C
with experimental data
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