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Finite-Element Analysis of Formability in Warm Square Cup
Deep Drawing of Magnesium Alloy AZ31 Sheet

Heung-Kyu Kim, Wi Ro Lee, Seok Kwan Hong, Byoung Kee Han, Jong Deok Kim

Abstract

Magnesium alloys are expected to be widely used for the parts of structural and electronic applications due to their
lightweight and EMI shielding characteristics. While the die casting has been mainly used to manufacture the parts from
the magnesium alloys, the press forming is considered as an alternative to the die casting for saving the manufacturing
cost and improving the structural strength of the magnesium alloy parts. However, the magnesium alloy has low
formability at room temperature and therefore, in many cases, forming at elevated temperatures is necessary to obtain the
required material flow without failure. In the present study, square cup deep drawing tests using the magnesium alloy
AZ31 sheet were experimentally conducted at various elevated temperatures as well as room temperature, and the
corresponding finite-element simulations, which calculated the damage evolution based on the Qyane’s criterion, were
conducted using the stress-strain relations from the tensile tests at various temperatures. The formability predictability by
the finite-element analysis was investigated by comparing the predicted damage distributions over the deformed AZ31
sheet at elevated temperatures with the corresponding experimental deformations with failures.

Key Words : Magnesium, Warm Press Forming, Damage, Finite Element Analysis Method,

1. M 8 olg] E3] A2oA] AAIFEAo] A Yo}
F2 434 gyl wadge olgse Tz 2

vtavle dES 4 1.8 9 HFe= dF0g, thol "ol A AFo] AAHALY, F=
Eebgel uisiAz €A i e 24F Ao & FEAAMY NAH A= As, w2 FA
A HVJE Azt AHg, JE FHe, 2 HlE, wg AF g e Fo ofF=
Ex Fo] EF 5% 4% zZa o H2 HT Eo & =2 Y 7les HET 24
ol 14 2] Zé‘l]‘ El Tl AEE A AFA T bl g Ak Aol o] AFHI =
FE7A RE A¥se EE, AAAFTAAMY dgoltt. [1-4]
AAe] ek Azt e EFHAAM viade detxo 2 wiavlg FES X, HEEE,
T AEFN AT 2 HEol Y F_7F B35 &2 T =0l w2t QAo VRASHA @)
I e FAolt. Arz oy A 2o ME Az 434

vlovlg B8 ZOSEAWMCP) 2R TE= AR AF AY Y dAd TFHY 84
L #34371edrd A4E9d 7F Aok, ey A4 g AEEL 53 3

2. A4 714 Al=" YA Fea
# FF A7 £d 7Y, E-mail: krystal@kitech.re.kr

-122 -



Aoz FAH Q7] W FA4HoR o}
nlaulg FF9 YA Axutoz AY FA
o] EARE vy ggstn AA wgste 4
o] 4% ¥}, wely nlavlg FF 247HE
FRo) M E CAE s|Ao) o3 AAZH HIol
Zadty, o8 &5 274 wi mladlg ¢F
o] My A% 2 AHYAH A3 AT CAE AH
71eL o}a 7)dk o]ZoARE sAHojof T
L FAES /HAx .

oA = °1EN ﬂ}:LLﬂv g T
W AFEA wlade
AZ31 A9 23 *P—P’d ‘aci‘” 33l

oZ: [t

dl

T us
Aztel v, EA}HG. sds 2
q4d Ad5E Al %1:’}3_5: 3| Ao

(damage) 2E9S =Y AA AgA Al
Fol vdo] LAstE ‘:}74101] sl &3AT #%
& Asilah. AY 2= we &3 A
walg v, EAgoRA wlave dEY 2

’

oX ok 2 oo oX
oﬁ.oﬁ;‘?‘:’,ﬂhoﬁ

Eds 131]’* A4 AFS 9T CAE 3% 7}‘6"3

25490},

m]o

.22 MY HERY 48

slavige] w4 43 ATE AgFHe=
0Za7) f8 F3 U &A Jhdol Hed 23t
A0 HE2e F¥E AA, AFsdn. 84
T 40X40 mm 9] At BAE AMSSAT, €84
Zoie dolel A= 3HE Ao, £33
Zrigt chole FEHA o3 tdH==E UHF
AUEE FAT ¢ UEF W] & SKDII

& AA2 ALY AR H=29 58S
71&stE F8 71883 MEES Fig 1 o YE
yolem B Ao AZH AA Fgo gk

zyzhe] A W GES Table 1 °f UrE}UA ATt
284 48 HZE nALEAE AHEINL
Axe) AER23F £5E 10mm/min &2 33T

2.1 27t 848 NE 23

aauls 8 ¥ AZ31 9 XEF 120mm 9
A3 BP0 g F3 W & 21E& vE2A
el Al =29 & sk 229 FUt
of we FHZF AP o] WIE Fig. 2 o
etk AAdEd B¥L 2E 2571 57

- 128 -

Blank holder

Die

Punch

Fig. 1 Geometric parameters of the square cup deep
drawing die

Table 1 Spec. of the square cup deep drawing die

Punch size (ax b) 40 x 40mm
Punch radius (Rp) 6.25mm
Corner radius (Rc) 10.96mm
Die radius (Rd) 6.25mm
Clearance 0.96mm

E t29 o7t F/HeHAAIRt 200TIA
A o)zt ZEM Ha 250ColAE 2309
ol 7|EY A7 23
3 5 gle (1] &85 s &A= -
oz AlWFG P ehEE st =29
o7} mXAME Fsted, =29 ZHole &%
58 A F4EE ¢ Ao

o BN o o (0wt
o
>

807 . & .Chenetal
- Experiment

'g 40 —®— Experiment (with lub)
£ "
£ 3
a 304

& \@3
c
% 204 /}-
[

E
O, 104 F .
© @ S - 1 ®
= o]
0 50 100 150 200 250 300

Temperature [C]
Fig. 2 Drawn square cup from ¢ 120 AZ31B blank at
(a) room temperature, (b) 100°C, (c) 200, and
(d) 250C



3. rEtRLdY

1w
ogt
e

3.1 AZ31 2 SH-HFE A

tavle FE AZ31 o $Y-¥Y
A7 A L, 100C, 150TC, 200C, 25
A AF AFE FHstAct. Strain rate
omm/min, 60mm/min 2.2 dlgon oIRAH
7= Fig. 3 3 Zo}.

R
m

o

s
ro M
rx

(o)

3
i [

Stress[MPa]

Fig. 3 Stress-strain curve at various temperatures
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. 5 Blank shapes compared with the experimental

result (a) heat transfer is NOT considered, and

(b) heat transfer is considered

Fig. 6 Grid deformation of experiment compared

with mesh deformation of FEM
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Fig. 8 Damage contours when (a) heat transfer is
NOT considered, and (b) heat transfer is considered
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Fig. 9 Failures in the square cup drawing of AZ31
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