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¤ 1  DE*F¥¦§¨©ª« 

Fig.1  Cross-sectional shape and dimensions of magnesium alloy 

 

 

 

 

 

 

 

 

 

¤ 2  :;<=>,-¬­¤ 

Fig.2  Constant-strain-rate extrusion principle 
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Fig.3  Traditional extrusion principle 
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Fig.4  Mesh design and geometrical model: (a) constant-strain- 

rate extrusion model and (b) traditional extrusion model 
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Table 1  Information for geometrical model and mesh design 

Parameter Type Value 

Billet size/mm  Φ90²100 

Die bear length, L/mm  55 

Mesh number for billet Absolute 

Size ratio=1; 

max element size=1 mm 

Mesh number for die Relative 40000 

Mesh number for pad Relative 10000 

Mesh number ratio of die  0.005 

Extrusion ratio  28 
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¤ 5  AZ31DE*p³­Pj%�´ 

Fig.5  Physical and mechanical properties of AZ31 alloy: (a) heat 

conduction coefficient and Young’s modulus; (b) heat 

capacity and coefficient of thermal expansion 
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Table 2  Boundary condition information for extrusion 

process of AZ31 alloy 

Parameter Value 

Extrusion speed, v/mm·s

-1

 2 

Initial billet temperature, T

0

/µ 300 

Friction coefficient 0.3 

Initial temperature for die and pad/µ 400 
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Fig.6  Variation curves of the extrusion load 
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Fig.7  Selected nodes range of die exit: (a) constant-strain-rate 

extrusion and (b) traditional extrusion 
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Fig.8  Evolution of velocity field at different stages during the constant-strain-rate extrusion process: (a) initial stage of extrusion, 

(b) breakthrough stage of extrusion, and (c) steady-state stage of extrusion 
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Fig.9  Evolution of velocity field at different stages during the traditional extrusion process: (a) initial stage of extrusion, 

(b) breakthrough stage of extrusion, and (c) steady-state stage of extrusion 
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Fig.10  Evolution of metal flow velocity at exit during steady 

extrusion process 
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Fig.11  Distribution of effective strain during steady extrusion 

process: (a) constant-strain-rate extrusion process and  

(b) traditional extrusion process 
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Fig.12  Distribution of effective strain at exit during steady 

extrusion process 
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Fig.13  Evolution of temperature at exit during steady 

extrusion stage 
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Fig.14  Temperature distribution of workpiece during steady extrusion and maximum temperature variation curve of workpiece during 

extrusion process: (a) steady extrusion process of constant-strain-rate model, (b) steady extrusion process of traditional model, 

and (c) maximum temperature curves 
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Fig.15  Distributions of mean stress during extrusion process: 

(a) constant-strain-rate extrusion process and (b) tradi- 

tional extrusion process 
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Fig.16  Evolution of mean stress at exit during steady 

extrusion stage 
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Abstract: To extrude AZ31 magnesium alloy plate by the constant-strain-rate extrusion techniques, a new constant-strain-rate die was 

designed. Constant-strain-rate and traditional extrusion were investigated by finite element software Deform-3D separately. Key field 

variables, metal flow velocity, effective strain, exit temperature and mean stress were studied using the two types’ dies during the 

extrusion processing. Results show that the uniformity of metal flow velocity, effective strain, exit temperature and mean stress are 

increased by 13.5%, 43.2%, 7.6% and 13.4%, respectively, by the constant-strain-rate extrusion. The effective strain of the plates at the 

exit of two kinds of dies exhibits a gradually increasing trend from the center to the edge and the exit temperature field shows a trend that 

the center keeps stable and the edge gradually decreases. Moreover, the plate at the exit of constant-strain-rate die exhibits a lower 

temperature increment than that at the exit of the traditional die. The range of tensile stress of the plate near the die exit is decreased by 

constant-strain-rate die and the plate at the exit of constant-strain-rate die exhibits larger compressive stress than that at the exit of the 

traditional die. 

Key words: constant-strain-rate; magnesium alloy; finite element; die 
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