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Numerical simulation and experimental study of
warm deep drawing of AZ31 magnesium alloy sheet
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2. School of Materials Science and Engineering,

Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: The uniaxial tensile test was conducted by using Gleeble 3500 thermatmechanical simulator, and the
mechanical property of AZ31 magnesium alloy sheet was analyzed. The test results were then employed in the nu-
merical simulation of warm drawing process, and the influences of process parameters such as drawing temperature,
blank holder force were investigated. In order to validate the simulation results, the limiting drawing ratio tests were
also performed. The results show that, under the technique condition of limit forming temperature of 150 T and
limit drawing velocity of 15 mm/s, the limiting drawing ratio can reach 2. 5. The simulation results show that, sim-
ulation results are consistent with the experimental results. Using variable blank holder force can remarkably im-
prove the forming performance, and the limiting drawing ratio would reach 5. 0.
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Fig. 1 Microstructure of rolled and

annealed of AZ31 magnesium sheet
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Table 1 Processing parameters of

uniaxial tensile tests

Strain rate/s” ' Drawing temperature/ C

0.002, 0.02, 0.2,2 RT, 100, 150, 200, 250

Gauge length/ mm Gauge width/ mm  Gauge thickness/ mm

15 10 0.6
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Fig. 2 Elongation of alloy at

different temperatures
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Fig. 3 True stress —true strain curves under

different processing parameters
(a) —t= 200 C; (b) —&= 2x107?
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Table 2 Dimensions of drawing die

Punch Die I:?undf Round Sheet Punch
diameter/ diameter/ 0 radius of thickness/ speed/
punch/ . i
mm mm die/ mm mm (mm=e*s ")
mm
65 63.5 5 8 0.6 0.2~ 15

(BRI EA 165 mm); 7£ 200~ 300 C¥ i & X |8
W, LDR B 1A% 3. 0( R H4E 200 mm) . LDR
H2.0.2.5.3.0 WA E A sEy o i 4 s .
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Fig. 4 Drawn component of different LDRs
LDR: (a) —2.0; (b) —2.5; (¢) —3.0
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Fig. 5 Model for FEA of deep drawing
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Table 3 Parameters of numerical simulation

. Elastic R ) T ensile
Density/ Poisson s
. -3 modulus/ ey strength/
(g* cm GPa MPa
1.74 45 0.35 415
Yield strength/ Stress —strain Fraction BHEF/
MPa curves coefficient kN
Obtained
255 from Fig. 3 0-1 5
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Fig. 6 Contours lines of equivalent strain

at different temperatures
(a) —1= 100 C; (b) —t= 200 C
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Fig.7 Drawn component at

different temperatures
(a) —1= 100 C; (b) —t= 200 C
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Fig 9 Photos of drawn component at different BHFs
BHF: (a) =S kN; (b) —10 kN
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Fig. 10 Punch load and VBHF curves

from numerical simulation
(a) —Punch load curve; (b) —VBHF curve

6.82X 10~
6.41X1071 88

5.99%10-1™
558X 10!
517X 107 &

475X 1018
4.34% 1018
3.93%101 0
351X 101

3‘10><10‘1|
2,69 X101

11 B =K
Fig. 11 Contours bands of
thickness distribution( VBHF)

R EA RO — 80, NHIAZ I ) ml BLE 25 52
S M R IS PR RE, A BR B L AT IA 5. 0,
R Tt — 2 TERIE .

REFERENCES

[1] Friedrich H, Schumann S. Research for a “new age of



16 & 4 11

BRI, 45 AZ31 BRA S BOPHRE A RS R LS SR T 5T

* 585 =

magnesium” in the automobile industry[ J]. Journal of

Materials Processing Technology, 2001, 117: 276 ~ 281.
&R, B, EHY), & RRBES SRR

KNI, E A4 E%WR, 2003, 13(2): 277 ~
288.
YU Kun, LI Wexian, WANG Rrchu, et al. Re

search, development and application of wrought mag-
The Chinese Journal of Nonferrous

1505 ~ 1509.

nesium alloys[ J].
Metals, 2003, 13(6):
Clow B B. Magnesium industry overview [ J]. Ad-
vanced Mater & Proc, 1996(10) : 33 ~ 36.

Kojima Y. Platform science and technology for ad-
vanced magnesium alloy[ J]. Mater Sci Forum, 2000,
350~ 351: 37 12.

KL, FHER, RED, 5. AZ31 BG SR ARIE
PERE[J]. b A4 8 S ik, 2003, 13(6): 1505 ~
1509.

ZHANG Karfeng, YIN Deliang, WU De zhong,
Deep drawability of AZ31 magnesium alloy
The Chinese Jour-

1505 ~ 1509.

et al.
sheets at elevated temperatures| J].
nal of Nonferrous Metals, 2003, 13(6):
Iwanaga K, Tashiro H, Okamoto H, et al. Improve
ment of formability from room temperature to warm
Journal of

155 = 156:

temperature in AZ31 magnesium alloy[ J].
Materials Processing Technology, 2004,
1313~ 1316.

Lee S, Chen Y H, Wang J Y. Isothermal sheet metal
formability of magnesium alloy AZ31 and AZ61[J].
Journal of Materials Processing Technology, 2002,
124: 19~ 24.

Doege E, Droder K. Sheet metal forming of magnesi-
um wrought alloys-formability and process technology
[J]. Journal of Materials Processing Technology,
2001, 115: 14~ 19.

KA, R, ARMERE, S5 L7 00 AZ31 BiA
SR ALEREI [ J] . B8R R,
2004, 14(3): 391~ 397.
ZHANG Qinglai, LU Chen, ZHU Yarping, et al
Effect of rolling method on microstructure and properties
of AZ31 magnesium alloy thin sheet[ J]. The Chinese
Journal of Nonferrous Metals, 2004, 14(3): 391 = 397.
skege, R, LS. SRA SN RIERAR —
AZ31B RIGERE BRI [J]. bl 50 il Ko o
%, 2003, 37(12): 1874 ~ 1877.

ZHANG Xiarrhong, CUI Zher shan, RUAN Xue yu.
Warm forging of magnesium alloys: the formability and
flow stress of AZ31B[J]. Journal of Shanghai Jiao Tong
University, 2003, 37(12): 1874~ 1877.

EHA. SRBYESERER[M]. L Bl

[ 14]

[ 15]

[16]

[ 17]

[ 19]

O R AL, 1999, 10~ 12.
PENG Ying-hong. Simulation of Metal Plastic Form-

ing [ M]. Shanghai: Shanghai Jiao Tong University
Press, 1999. 10~ 12.
B, R Ph, SR AT AR A e R

R AR [J] . R AT K A 3], 2002, 36
(7) : 915~9109.

ZHOU Fei, SU Dan, PENG Ying-hong. Basic theory
for simulation of metal forming with finite volume
method[ J]. Journal of Shanghai Jiao Tong Universi-
ty, 2002, 36(7): 915~919.

Chen F K, Huang T B, Chang C K. Deep drawing of
square cups with magnesium alloy AZ31 sheets[J].
International Journal of Machine Tools & M anufac
ture, 2003, 43: 1553 ~ 1559.

Palaniswamy H, Ngaile G, Altan T. Finite element
simulation of magnesium alloy sheet forming at ele-
vated temperatures[ J]. Journal of Materials Process-
ing Technology, 2004, 146: 52~ 60.
Yoshihara S, Nishimura H, Yamamoto H, et al.
Formability enhancement in magnesium alloy stam-
ping using a local heating and cooling technique: cir-
cular cup deep drawing process[J]. Journal of Mate
rials Processing Technology, 2004, 146: 52 ~ 60.
Takuda H, Hatta N. Numerical analysis of formabili-
ty of a commercially pure zirconium sheet in some
sheet forming processes[J]. Mater Sci Eng A, 1998,
A242: 15~ 21.

Doege E, Sommer N. Blank-holder pressure and
blank-holder layout in deep drawing of thin sheet
metall J] .
11: 1305~ 1314.

PR, BRode, MROBER, 5. R AT AR A O P 4
REE GV AL RELT]. bW S0 K % 4,
2003, 37(12): 1883 ~ 1887.

SUN Cheng-zhi, CHEN Guan-long, LIN Zhong qin,

Advanced Technology of Plasticity, 1987,

et al. Improvement of the formability of box deep
draw ing using variable blank-holder force[ J] . Jour-
nal of Shanghai Jiao Tong University, 200, 36(12):
1883 ~ 1887.

Yoshihara S, Manabea K, Nishimura H. Effect of blank
holder force control in deep-drawing process of magnesi-
um alloy sheet[ J]. Journal of Materials Processing Tech-
nology, 2005(1): 7~ 15.

HEWE. s L2 EBR B M]. bt HUBCb
fiAL, 2005. 326~ 328.

ZHENG Jirxian. Mold Design and Technology of Stam-
ping [ M].
2005. 326 ~ 328.

Beijing: China Machine Industry Press,

(e BEE



