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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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1 ZAe 1134 slst 24 Al 3.0%, Zn
0.5% o]\:} /\ZH/] ?lx EA—LQ. OLO]-E_ﬂ
ﬂs}oq FH7 (gauge length) 20 mm, a4 8.8
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200 C, 250 C °|H $E: 2 mm/min, ~2EZIE
4 mme]t}, F' 12 A AR ol 2
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Fig. 1 Stress-strain curve by temperature of AZ31

2.2. AE4UHH

27 2R A 9 27 w3 A8 A= 7
7} Fig. 2 (a), (b)2F 2] &7 10 ton Q1 ASAIE7]
of ZFERA] slEet A A ¢ JEm
He Wl 58S ddsta 98 257 tol 3 &
B FUE 7tgste] Aol Do) HiesE WA
= ARESETh the 58 FEoR do] dde

AL WA5H7] flte] thold] RHS F71sHA
8 ZHEE Fig 39 et =29 5389
HA ZURPE I tho] IYRHE-S 4 mm, HA| A7
< 17 mm o] #AX]¢} tholo] EAlE 1.2 mme| T,
=3 F389 AX FAL 2 mme|th

(a) Drawing die-set (b) Bending die-set

Fig. 2 Equipment for experiments
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Fig. 3 Cross-sectional drawing of die-set for drawing and
bending
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Table 1 Experimental conditions and results for warm drawing

Temp. Punch velocity | Punch stroke at | Fracture
© (mm/min) fracture (mm) | (part)
2 4.12 Punch
20 20 3.79 Punch
200 3.38 Separation
2 747 Punch
100 20 647 Punch
200 5.33 Separation
2 9.80 Die wall
200 20 8.89 Die wall
200 7.76 Die wall
2 10.85 No necking
250 20 9.92 Die wall
200 8.50 Die wall
| __———Die wall
Remark f
Punch

, 100 C, 150 C, 200 C,
0 mm/min, 150 mnm/min,
300 mm/min £ AloJstRch HX PA 55mm THE
was g ), 2k W S wg wE g
gelE ulaste] 2ale] NS A st
Ak A8 aAE 2HA Axg AF 71

ol
oz
w [P

A2, 100 C, 250 ColH 43 £%+= 200 mm/min
2 Aojsgr B9 Aaug
Aol Lmo] ME FEAVAL s

100 C, 200 C, 250 CY wf A= AJHAL] A}xlo]
ok 4, 100 T A5 A8 w9k 24 glo]
HA] FFol|A] ghdho] A3}

4 =7} 200 mm/min ¥

Itk =200 C, 250 C o
AZEAQ oY T=250C, v=2mm/min 2 A= Y
7ol WAEIA] 3 wjnHA APEAh 227}

RT 100°C 200°C 250°C

(a) v =2mm/min

RT 100°C 200°C 250°C

(b) v = 20mm/min

(c) v =200mm/min
Fig. 4 Experimental results of warm drawing
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Fig. 5 Load-displacement curves with temperature in warm
drawing
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Fig. 6 Load—displacement curves with velocity in
warm drawing at 250°C

Table 2 Thickness measurement value of specimens
(m) 20C | 100C | 200C | 250C

Height | 5.091 | 8411 | 10674 | 11.733

2 Base 0954 | 0922 0.877 0.848
mm/min Corner

- 0.820 | 0.838 | 0.822

Wall - 0.821 0.653 | 0615

Height | 4.745 | 7417 9.805 | 10.815

20 Base | 0957 | 0939 | 0883 | 0872
mvmine | coner |- | 0866 | 0867 | 0.839
Wall - | 0851 | 0779 | 0656

Height | 4332 | 6271 | 8704 | 9402

200 Base | 0961 | 0943 | 0915 | 0907

mmine- | coper | 0923 | 088 | 0888

Wall - 0.902 0.867 0.864
Wall
Remark Height |
|
Base + r ~~
| Corner
32. =8 A8 Z=
Table 3 &=
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Table 3 Comparison of specimens for bending test

Temp. Experimental results

20 C

100 C

150 C

250 C

o,
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Fig. 7 Specimens of warm bending at 250 C
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Fig. 8 Roll-over, burnish and fracture in blanking test
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3) L2 AL 250 T7HA] AR st s)
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T 53] AEsk Ay Aded u Aldo] ¢xlE] &
Z=21em 100 C, 150 T, 200 CAA Frao] 7
ZHl Wb, 250 ColAe mlzg Al 4=

4) 255 A2, 150 T, 250 T2 71dsla A8
£52 50 mmy/min, 300 mm/minlE w3 A3
I A2, 150 CTollA FEek A glo] ghgkad o]

2 FQon, &% 250 T %% 300 mm/min®l A
ghgka o] AAE WEH £ % 50 mmyming ) sheA
51

5) A4 225 A% 42, 100 T, 250 CTZ 7143t
T AE £% 200 mm/min oA AEEF F Hehd s
souH stfjato] S A3t 250 T wﬂ Ay Fad

™ 7775 um (8042 %) S ZH= A1 BRelsigich

=7
A= ] A9le R AT A THNRE)

o Ags Wob 3 HAFUG (A W
NRF-2017R1C1B5017648)

—

i

i
Mo

) Y. G LEE, "A Study on the Warm Deep
Drawability of Mg-Alloy Sheet Metal", Seoul
National University of Science and Technology,
Master Thesis, pp. 9-10, 2004.

2) J. H. Park, "A development of temperature dependent
constitutive equation for Magnesium alloy sheet
regarding twinning behavior", Korea Polytechnic
University, Ph. D Thesis, pp. 28-30, 2016.

3) B. K Raghunath, K. Raghukandan, R. Karthikeyan,
K. Palanikumar, U. T. S. Pillai, & R. Ashok Gandhi,
“Flow stress modeling of AZ91 magnesium alloy at
elevated temperature.”, Joumal of Alloys and
Compounds. 509. pp. 4992-4998, 2011.

4) T. Obara, H. Yoshinga, & S. Morozumi, “Slip
system in magnesium”, Acta Metallurgica, 21., pp.
845-858, 1973.

5) L D. CHoi, D. M. Kim, D. M. Bruce, D. K
Matlock, & J. G. Speer, “Effect of Prestrain and
Bake Hardening Treatment on the High Speed
Deformation Behavior of Automotive Steels”,
Korean Journal of Metals and Materials, 43(4), 139,
2005.

_47_



