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Influence of mold structure on welding pressure in angular porthole extrusion for
AZ91 magnesium alloy pipe based on FEM
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Abstract: The porthole extrusion mold for angular welding chamber of magnesium alloy pipe was designed by combining the shear deform-
ation principle of angular extrusion with porthole extrusion of magnesium alloy pipe, and the new mold increased the effective height of the
welding chamber and the welding time under the premise of ensuring the rigidity of extrusion needle, which was beneficial to improve the
welding performance of welding seam. Then, the finite element model of porthole extrusion for the angular welding chamber of AZ91 mag-
nesium alloy pipe was developed based on DEFORM finite element platform, and its reliability was verified. Furthermore, the influence
laws of rotation angle, porthole bridge structure and die structure size on the average compressive stress in the welding chamber were re-
vealed based the finite element model. The results show that the average compressive siress in the welding chamber increases gradually
with the increasing of rotation angle B of porthole mold and die structure size a. For the raindrop-shaped porthole bridge structure, with the
increasing of porthole bridge taper y, the average compressive stress in the welding chamber increases, but the increase is not obvious.
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Fig. 1 Defects of bulging cracking (a) and flaring cracking (b) for

magnesium alloy pipe
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Fig. 2 Diagram of die assembly
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Fig. 3 Structure diagrams of porthole die

(a) Bottom view structure of die  (b) Top view structure of die
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Fig. 4  Structure of die

(a) 3D diagram  (b) Diagram of plane parameters
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(d) Plane parameters of porthole bridge
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Table 1 Parameter values of constitutive equation
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Table 2 Geometric model information and extrusion
conditions of AZ91 magnesium alloy sheet in practical

extrusion experiment
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Fig. 5 Geometric model of extrusion for AZ91 magnesium alloy sheet
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Fig. 6 Comparison between simulation and experimental values of

extrusion forces
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Fig. 7 Metal flow process of angular porthole extrusion
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Fig. 8 Variation of equivalent strain after porthole metal turning

(a) Selection of sample points  (b) Equivalent strain distribution of sample points
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Fig. 9  Distribution features of average compressive stresses in angular welding chamber

(a) Distribution cloud diagram of average compressive stresses  (b) Distribution curves of radial average compressive stresses
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Fig. 10 Distribution cloud diagrams of average compressive stresses in welding chamber under different angles
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Fig. 11  Effect curve of angle on average compressive stress in

welding chamber
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Fig. 12 Distribution cloud diagrams of average compressive stresses in welding chamber under different die structure sizes
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Fig. 15 Effect curves of porthole bridge tapers on average compressive
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