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Abstract: Recently, in the surge of global environmental issues, there has been a great attention to lightweight materials 
in purpose of saving energy. Magnesium alloys not only have low specific gravity, and superb specific stiffness, but are 
also excellent in blocking vibrations and electromagnetic waves. So demand for this material is getting bigger rapidly 
throughout the industry. In this study, we examined the improvement of formability of magnesium alloy AZ31 material 
in warm working. Drawing, bending and shearing process were carried out  by varying the forming temperature and the 
forming speed, and the influence of the variables on each process was studied. In the experiments, the high forming 
temperature and low forming speed results in high formability in the drawing process and the bending process. In the 
shearing process, as the forming temperature increases, the length of the fracture decreases.
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1mm 
AZ31 , Al 3.0%, Zn 

1.0%, Mn 0.5% . 
(gauge length) 20 mm, 8.8 

mm 
. (T) , 100 , 150 , 

200 , 250 2 mm/min, 
4 mm . Fig. 1

- . 
T=RT(20 ) 130 MPa, T=100 103 MPa, 
T=150 76 MPa, T=200 67 MPa, 
T=250 54 MPa . 

. (4 mm)

T=250 .
30 mm,  

200 mm, 
30 mm .

Fig. 2 (a), (b) 10 ton 

. 

. 
Fig. 3 . 

4 mm, 
17 mm 1.2 mm . 

2 mm . 

 

, 100 , 200 , 250 
, 2 mm/min, 20 mm/min, 200 

mm/min . 
, -

. 
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Temp. 
( )

Punch velocity 
(mm/min)

Punch stroke at 
fracture (mm)

Fracture
(part)

20
2 4.12 Punch
20 3.79 Punch
200 3.38 Separation

100
2 7.47 Punch
20 6.47 Punch
200 5.33 Separation

200
2 9.80 Die wall
20 8.89 Die wall
200 7.76 Die wall

250
2 10.85 No necking
20 9.92 Die wall
200 8.50 Die wall

Remark

, 100 , 150 , 200 , 
250 , 50 mm/min, 150 mm/min, 
300 mm/min . 5.5mm 

, 
.  

, 10 ton, 40 mm, 
0.1 mm . 

, 100 , 250 200 mm/min 
. 50 

. 

Table 1
. Fig. 4 (a)-(c) (T) 20 , 

100 , 200 , 250 
. , 100 (v)

200 mm/min 
. T=200 , 250 

T=250 , v=2mm/min 
. 

, 
.

T=250 , v=2 mm/min 10.85 
mm . 

(T=250 , v=200 mm/min)
(8.50 mm) 24.8% , 

(T=20 ℃, v=2 mm/min)
(4.12 mm) 61.5 % 

. 
Fig. 5 (a)-(c) v=2 mm/min, 20 

mm/min, 200 mm/min -
. (a), (b), (c) 

, (a)

. 
Fig. 6 T=25 0
- . 

, 
. Table 1

, 
. 

200 

4). 
, 
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(mm) 20 100 200 250

2
mm/min

Height 5.091 8.411 10.674 11.733

Base 0.954 0.922 0.877 0.848

Corner - 0.820 0.838 0.822

Wall - 0.821 0.653 0.615

20
mm/min

Height 4.745 7.417 9.805 10.815

Base 0.957 0.939 0.883 0.872

Corner - 0.866 0.867 0.839

Wall - 0.851 0.779 0.656

200
mm/min

Height 4.332 6.271 8.704 9.402

Base 0.961 0.943 0.915 0.907

Corner - 0.923 0.884 0.888

Wall - 0.902 0.867 0.864

Remark

5).
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in
g 

Lo
ad

 (N
)

Stroke (mm)

20oC 100oC

200oC 250oC

0 2 4 6 8 10
0

2000

4000

6000

8000
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rm

in
g 

Lo
ad

 (N
)

Stroke (mm)

20oC 100oC
200oC 250oC

2 4 6 8 10
0

2000

4000

6000

8000

0

Fo
rm

in
g 

Lo
ad

 (N
)

Stroke (mm)

20oC 100oC
200oC 250oC

2 4 6 8
0

2000

4000

6000

8000

0

Table 2
. 

. 100

. T=250 , 
v=2mm/min
0.848mm, 0.615mm T=250 , v=200mm/min 

6.5%, 28.8% 
.

Fo
rm

in
g 

Lo
ad

 (N
)

Stroke (mm)

2mm/min
20mm/min
200mm/min

2 4 6 8 10
0

2000

4000

6000

8000

0 12 14

Fig. 6 Load-displacement curves with velocity in 
warm drawing at 250

o
C

Thickness measurement value of specimens

Table 3 v=150 mm/min, 5.27 
mm . 

, 100 
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Temp. Experimental results

20 

100 

150 

200 

250 

150 , 200 
. , 25 0

. 

Comparison of specimens for bending test

T=20 , 150 , 250 
v=50 mm/min, 300 mm/min

RT, 150 
. 

. Fig. 7 T=250 v=50 mm/min, 
300 mm/min . 
250 v=50 mm/min, 150 mm/min

v=300 mm/min

. 

20 

Fig. 8 (a),(b) 250 
50 

( )
( )

. 
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418.0 um ( 46.84%), 583.8 
um ( 65.45%) , 250 

647.8 um ( 67.17%), 
777.5 um ( 80.42%) . 

250 
, -

(fracture strength)
. 

, 

.   

AZ31
, , 

. 
.

1) 250 
2 mm/min, 20 mm/min, 200 mm/min

, 150 
200m 

m/min . 200 250 
250 

, 2 mm/min .
2) 250 

2 mm/min, 20 mm/min, 200 mm/min
T=20 ℃, 

v=200 mm/min 4.332 mm
, 250 2 mm/min 

11.733 mm .
3) 250 

150 mm/min 5.5 mm

100 , 150 , 200 
, 250 .

4) , 150 , 250 
50 mm/min, 300 mm/min

, 150 
, 250 300 mm/min

50 mm/min
.

5) , 100 , 250 
200 mm/min 

50 250 
777.5 um (80.42 %) .
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