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Analysis of Warm Deep Drawing of Magnesium Alloy Sheet

M. H. Lee, H. Y. Kim, H. J. Kim, S. 1. Oh

Abstract

Due to their low densities and high specific strength and stiffness, magnesium alloy sheets are very attractive
lightweight materials for automotive and electrical products. However, the magnesium alloy sheets are usually formed at
elevated temperature because of their poor formability at room temperature. To use of the magnesium alloy sheets for an
industrial, their mechanical properties at elevated temperature and appropriate forming process conditions have to be
developed. In this study, non-isothermal simulations of a square cup drawing from magnesium alloy sheets have been
conducted to evaluate a proper forming process conditions such as the tool temperature, the tool shoulder radius, friction
between the blank and the tools. According to this study, appropriate forming process conditions of square cup drawing at
elevated temperature from magnesium alloy sheets are suggested.

Key Words : Magnesium alloy, Warm deep drawing, Finite-element analysis
1. M & Aael AFP HrE B3 vidles §F &

Aol 22 4 AL HASE Aol Fasih
sladle Fa2 HlFe] o 1.8 BF T4 lavle @8 249 233 4% 3R HAE 9

dFoE HZE % w7y, dAER EO] %—’F‘— s B S 2 AP Fotet s A
¢ 548 Adx ok H29 AR, Azl 2 ol8% HAFol o)FoiAol ot wiavlE F
7] AGM BFE R BHRE E}l‘?} *a‘*n‘ 7 BAY 23 9B MY, 98 Ex A =
ol AAWA viavlg FFY Fax FEI F 2EJ AE € T vlndw d8 ¥4 54
Zhsta lTk1). R AR B A7t ol FARTE5]. £, F
fladle 8L 2YS$TTRMECP) AR TR ¥RAE o]8T H4¥ 3R AN W I+t
2 Qs Z2eA FFAdol FA Yo, tolAx ojFoiR o, 7], 2 HF IAHL nHT 4Y
Bol s AFo] YAk dolAzg oz A T4 A 53 F3olo.
4 728 FE2 A3 BEY A, Fi34 2 dFedAEs wtades @8 A9 23 4
Hl 9] F71, 2zt AF Ao o7 g F9 o FE A% 7Y AT3A ddde] n¥dE ma
+2 HZAe Eﬁl-’: 7% 7lee LT A4 g 5 249 27 9=29 4L F438
710l & F5& ¥ A2l Ak 39 L&, ¥ 7, vhE =1 Tl
dutyo g D}:Lﬂh? e B 23 A¥e HE vladle e Bl 23 4% dHE F
&, 1SR, $8 F9 24 wel YAl d wtadle @E B9 23 A¥ IR 20E
s A=z oled ¥4 = we A A 8Tt

1. Nedstn qgg
2. ZLUgE A -PlERY A FHY
# DR Aegga A AGFTHY,

E-mail: sioh@snu.ac.kr

- 294 -



2. 27t HY {524 A

2 A7 vlavig FF #Al9 Az
=29 23 49 H@4Y 2de AFH61TY
A79 L o]&sly F3e A HAL 33}
Aok 27 A3 d4 L PAM-FORM 2 o] 239
I, E3 tolel =Y w7, tho] @ Hx
2% 434, 333 AAl9 v o

4974 H7t AL FIsA

a)
=

o
lo

=2
~

o

2.1 Retes =24

stadlg @5 B4 AAAR =29 #H4
222 Fig 1 o) dehiidn, iAo ALgE Y
%<& Table 1 o] JEFIATE & s e 287

HR9 ext: YAy, “"BJJr HANH £
29 dddrte] nE ‘13 % lol 2lg &4
%° UG ZHgste sAE FEAg. 243

7 0.8mm, AE 120mm o]nﬂ 4 A4 A}ﬂra
gﬁf\a AHEEI T, RE dMoA B39 %
7] €=F 25C=Z &9t £33 &9
IMPa, 529 £X+ 1.66mm/sec & §
Add Zlol= 40mm o)t}

22 =¥ 2xo| IE H4EY Bt
#A, E}Ol, E42 29 2x A ma
stadleds B4 484 37 4L S8
Table 1 Process parameters used in simulation
Tooling setup
Punch dimension 4040 mm
Punch and die corner radius (Rc)  10.96 mm
Punch and die shoulder radius Rd 6.25 mm
Rp 6.25 mm
Clearance 0.96 mm
Mechanical properties
Young’s modulus 44 8 GPa
Poisson’s ratio 0.35

Flow stress Obtained from

literature [6]

Friction coefficient 0.02
Thermal properties
Thermal conductivity (sheet) 96 W/mK
Heat capacity (sheet) 1000 J/kg C
Interface heat transfer coefficient 4 N/smm C
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Fig. 1 Geometric parameters and simulation model of
the square cup deep drawing
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Fig. 2 Drawing depth variation for die and holder
temperature variation
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Fig. 3 Percent thinning distribution from simulation
at various punch temperature

Punch temp, 150°C
Punch temp. 15 t:J

Fig. 4 Final blank shapes at punch temperature 15C

and 150C
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Fig. 5 Punch load from simulation at various friction
between tools and blank
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Fig. 6 Percent thinning distribution from simulation

Punch Load (kN)
F-9

3 b e L
——Rd 6.25mm, Rp 6.25mm

2 r -—Rd 1.8 mm, Rp 6.25mm
—Rd 3.0 mm, Rp 6.25mm

R /A ceio _Rp 1.8 mm, R 6.25mm
-~ Rp 3.0 mm, Rd 6.25tmm

0 B — e

0 10 20 30 40

Stroke (mm)

Fig. 7 Punch load from simulation at various die and
punch radius
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