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Numerical simulation on granules medium drawing process
parameters of magnesium alloy sheet
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Abstract: In order to improve the deep drawing performance of magnesium alloy sheet, the non-isothermal drawing
technology of magnesium alloy sheet based on solid granules medium forming (SGMF) was proposed. Based on the true
stress—strain curves of AZ31B magnesium alloy from uniaxial tensile tests and the Drucker-Prager constitutive model
with granular material performance tests, the thermo-mechanical couple numerical simulation of magnesium alloy sheet
deep drawing with finite element method was performed, and the deep drawing tests were also carried out in order to
validate the numerical model. The influences of process parameters, such as blank holder force, blank holder gap and
temperature, on the deep drawing performance of AZ31B magnesium alloy sheet were investigated. The results show that
the combination controlling the blank-holder gap and blank holder force can improve the deep drawing performance of
sheets more effectively than simply controlling only one of them. The AZ31B magnesium alloy sheet is sensitive to the
temperature in the process of deep drawing, under the conditions of the forming temperature from 250 ‘C to 300 C
and the temperature difference from 100 ‘C to 150 ‘C to solid granules medium, the sheets achieve the best deep
drawing performance. The granules medium can put axial friction on the cylinder wall and the force can improve the deep
drawing performance of sheets and ensure their thickness evenness.

Key words: AZ31B magnesium alloy; solid granules medium forming; non-isothermal; numerical simulation
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Fig. 1 Schematic diagram of deep drawing and experimental
equipment of AZ31B magnesium alloy: (a) Diagram of deep

drawing; (b) Experimental equipment of deep drawing
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Fig. 2 True stress—true strain curves of magnesium alloy
sheet at different processing parameters: (a) =250 C;
(b) #=0.1s""
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Table 1 Simulation parameters of Magnesium alloy sheet

Thermal Linear
conductivity/ expansion  Specific heat/ Density/
(WK coefﬁi:lient/ kI'kg"K'Y)  (gem™)
K
96 7.9%X10°° 1.21 1.74
Elastic Poisson’s ratio Stress—strain curves
modulus/GPa
45 0.35 Obtained from Fig. 2
ZI7,
6sin @ 3—sinf
tan f = - ) = - 9
3—sinf 3+sinfd

A 0 5 PkiAs kL) Mohr-Coulomb P EE#E£f1; B oA
TURIAA IR N BEEE S, X S = A e IR 5 =5
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Table 2 Simulation parameters of GM granules

Thermal
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Table 3 LDR of workpieces in different blank-holder gaps
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A AE R R, EARBORH SRR SO A it

ERLIUL P BUE B A 2 TR 78 73 dcfi, ARERAD, I
WEARCRE 5 JUAE A Joie % IUT A 2 T -5 R 3 O R A
10° W/(meK)o BEEESAT A AR RS, BOM 15 Fal Pl 2%
Wbt 5 IS (] EEHE ISR 0.08~0.1, HTRLA T i S5
B B URE AT 5t 5 o 22 T8 PR DRV A e 3 D ) e
{4 0.2 FEABEARA T, BR T AR5 R0k A1 oA A2
FEARSE, FeaR AR e SONRIR. 3 SGMF T2
Bk G Szl AR B AR R ] 3
AHFORH] ERBAERR, BT mm [ 8AK

der}

(@) (b)

3 B RLAR A R
Fig. 3 Model of sheet deep drawing: (a) Numerical model of
deep drawing; (b) Mesh model of deep drawing
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Fig. 4 Deep drawing workpieces and their contours bands of thickness in different blank-holder gaps: (a) 6=1.1 mm; (b) 6=1.4-1.5

mm; (¢) 6=1.3 mm; (d) 6=1.2 mm
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Table 4 LDR of workpieces at different blank holder force

Blank holder force/kN LDR
5 2.40
10 2.36
15 2.34
20 2.33
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Fig. 5 Thickness curves of sheets : (a) Comparison curves of
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between blank-holder gap controlling and
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between experimental and simulation value
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Fig. 7 Distributions of temperature field at different drawing

stages: (a) Punch stroke of 35 mm; (b) Punch stroke of 60 mm;

(c) Punch stroke of 95 mm
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