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Finite element analysis considering heat transfer
in sheet metal forming of AZ31

M. C.Kim, Y. S. Lee, Y. N. Kwon, J. H. Lee

Abstract

In this work, the influences of tool temperature on the formability of AZ31 sheet material in warm deep drawing
processes of square cup were investigated. Deep drawing tests under different tool temperatures for magnesium alloy
sheet at elevated temperature 250°C, where AZ31 sheet shows a good formability, and FE analyses were carried out. The
successfully formed part without any defects was obtained when temperature of tool was over 100 C while the fracture
was occurred at the corner of the square cup below 100 T. It is shown that lower temperature of tool than that of
magnesium sheet causes the temperature drop of the material by heat transfer and thus interrupts the dynamic
recrystallization of it. Therefore, in order to obtain successful part of magnesium alloys, it is necessary that the tool
temperature is limited to the same or slightly lower temperature than sheet material.
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Fig. 1 Tensile curves at each Temperature
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Fig. 2 Schematic diagram of die for square cup deep
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Table 1 Experiments of formability at variable
temperature condition in square cup deep

drawing(oC)

Type Punch Die Holder Blank
1 70 50 60 250
2 60 40 70 Room
3 90 85 90 250
4 90 85 90 250
5 100 100 100 250
6 110 100 105 250
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Table 2 Condition for FE analysis of Formability

Btep 300
Temperature

Stress-strain curve Swift’ equation = 507

Young' s modulus 40000 c L:i

Sheet thickness 0.8 .
Coulomb coeffcient of Friction 0.2
Thermal conductivity 0.9
Heat capacity 1
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Fig. 3 Computer deformed configuration of sheet by
FE analysis for square cup deep drawing
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(a)Under at 100°C (b)Under at 100°C (c)Over at 100°C
Fig. 6 Formability according to the temperature of
the dieset which the forming is happened

(b) Gauge part
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(c) Middle part
Fig. 7 Microstructure of Tensile specimen at 250°C

5. 28 % % A¥

£ dFE= Az31 8o ¥e A3 e ¥
AAZI7] 8 27 A I =24l 2
Z7t AEd vAE 9SS AEd HHL 59
K=

& A3, AZ31 9 ¢ JAHALEAAM Fa L
=9 F¥oz APl FAHAT ol AY
T TAHE FHHY dHdDol BEIA =HWA
A AAe AYLEr AsHE AAE 283
A Hol Aygo] TostA Aok E=F S AYA
S @7 Y8 2 54 AZ2AHE L&)
AL 250°C o] HojoF 31 FHLET}F 100°C
old d ALE A9 AP 4FE nHe
AEE *EZHE ZAEA ge " oA
Ady=ojof &u, AZ31 T A$ 12 WY 7]
To W3t L7t ujAE G dsleq AT
7} 218 o]z ok g},

z 7
2 dFT “SZIALTYE 71 AT Aoz
A dagr ojo] AR A EA A =
i},

Ba1Ed

[1] H. Takuda, T.Yoshii, N.Hatta, 1999, "Finite-element
analysis of the formability of a magnesium-based



alloy AZ31 sheet.” Journal of Materials Processing
Technology Vol.89-90, pp. 135~140.

[2] Tien-Chan Chang, Jian-Yi Wang, Chia-Ming O,
Shyong Lee, 2003, "Grain refining of magnesium
alloy AZ31 by rolling," Journal of Materials
Processing Technology Vol.140, pp. 588~591

[3] Shyong Lee, Yung-Hung Chen, Jian-Yi Wang, 2002,
"Isothermal sheet formability of a magnesium alloy
AZ31 and AZ61." Journal of Materials Processing
Technology Vol.124, pp. 19~24.

[4] o182, AF3, o]F4] 2003, "wl2vl&
Ao 22 ez Yo #F AF»
d7+833] R, A 8E3] pp. 117~120.

[5] K. Iwanaga, H. Tashiro, H. Okamoto, K. Shimizu,
2004, “Improvement of formability from room
temperature in AZ-31
magnesium alloy.” Journal of Materials Processing
Technology

(6] B, 1999, "dALZH-8719 4N EJaET
Hol g AP, AFRAGMFEHIA, FAT
<t3] pp. 34~39.

a8

Cla

to warm temperature

_77_

(7] B9, 444, &84, I4, 1999, "EF3
99 Aojd o =93 I I 7]
= @273 3R, A8 A, A3 E, pp
269~275.

[8] Fuh-Kuo Chen, Tyng-Bin Huang 2003, "Formability
of stamping magnesium-alloy AZ31 sheets.” Journal
of Materials Processing Technology Vol.142, pp.
643~647.

[9] Fuh-Kuo Chen, Tyng-Bin Huang, Chih-KunChang,
2003, “Deep drawing of square with
magnesium alloy AZ31 sheet.” International
Journal of Machine Tools & Manufacture Vol. 43, pp.
1553~1559.

[10] ARE, o944, A8, ol A%, 2004, "AZ31
He5d &0 fE =24 Y 47 dFFx
Ve 88 A, FA%ES] pp. 175~179

(11] 383, AFA, oJFF : HIFH AR
7], 42,9, 719 (2004)

[12] °1BA, A8, 18, 2004, "AZ31 39

23 HZT =29¢d #8 47 A8ZE AXE
Ad, e4gte

cups



