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Numerical simulation of effect rules of porthole axial angle on
extrusion process of AZ31 Mg alloy thin-walled tube
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Abstract: Based on the developed precise and efficient DEFORM—3D model of the porthole extrusion process for the
thin-walled AZ31 Mg alloy thin-walled tube, the influence laws of porthole axial angle f on the extrusion load, welding
pressure and the uniformity of billet flow rate at the die export were investigated and revealed by the comprehensive
numerical simulations, and the value of § was optimized. In integrated consideration of the extrusion load, the material
utilization rate, quality of welding area and profiles size accuracy, and taking the tube application environment into
account, it is proposed that the optimum S is —5°—1°, the most suitable value of § is about —5° for the AZ31 Mg alloy
thin-walled tube profile die.
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Fig. 1 Shape and sizes of cross-section of AZ31 Mg alloy

thin-walled tube (mm)
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Table 1 FE model parameters used in this study
Type Parameter Value
Inner diameter of container/mm  d 180

Billet diameter/mm d 178
Billet length/mm 200
Geometric )
5.9] Dummy block thickness/mm 30
parameter—
Dummy block diameter/mm d 180
Welding room depth/mm 25
Welding angle/(°) 45 ‘
Elastic modulus/GPa 45
Material Specific heat 219
parameter?® ' capacity/(J’kg K ™) '
(e)
Poisson’s ratio 0.35
_ - 3 AL R A R E
Environmental temperature/'C 20 Fig. 3 Sketch map of porthole axial angle of porthole die: (a)
Initial billet temperature/‘C 340 —10°; (b) —5°; (c) 0°; (d) 5°; (e) 10°
Die temperature/'C 320
Extrusion speed/(mm-s ') 5
Boundary Friction factor 0.25
9,11, 12]
condition Heat transfer coefficient between
workpiece and 0.02

environment/(N's "'mm 'K )

Heat transfer coefficient between
workpiece and 11
die/(N's 'mm K ")

4 FE T ZMATRITERY

(b) Fig. 4 FE model of extrusion for thin-walled AZ31 Mg alloy
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Fig. 2 Geometries of porthole dies: (a) Dividing die; (b) 050
Welding die '
0251 o — Simulation result
o — Experiment result
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Fig. 6 Load—stroke curves at different porthole axial angles
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Fig. 8 Welding pressure at different porthole axial angles
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Fig. 10 Peak load at different porthole axial angles
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