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Numerical simulation of cavity-filling procedures for micro-pin-fin
array thixoforming with semi-solid A356 aluminium alloy
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2. Department of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: To improve the cavity-filling performance of micro-pin-fin arrays, the flow characteristics and filling cavity
behaviors of semi-solid A356 aluminium alloy during the micro-pin-fin array thixoforming were numerically investigated
based on Deform—2D software. In the finite element analysis, micro-pin-fins were simplified as two-dimensional grooves
with a constant depth, various widths and various locations. The influences of the process parameters, such as billet
temperature, punch velocity and die temperature, and the punch structure parameters, such as groove aspect ratio, die
duty ratio and groove location, on the cavity-filling performance of micro-pin-fin arrays were analyzed. The simulation
results show that the liquid fraction of billets should be 40%—50% during thixoforming. With the decrease of the punch
velocity, the radial cavity-filling of the edge micro-pin-fins increases. The increase of the die temperature can improve the
uniformity of the billet temperature, leading to the lessening of micro-pin-fin bending or folding. The decrease of the
groove aspect ratio results in a better cavity-filling. The radial cavity-filling of micro-pin-fins improves with the die duty
ratio increasing, and becomes increasingly non-uniform with the distance between the micro-pin-fin and the billet axis
increasing.
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Fig. 1 Schematic diagram of thixoforming of semi-solid alloy

with micro-pin-fin arrays
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Table 1 Material parameters of A356 and H13 in numerical simulation

. Density/ Specific heat capacity/ Thermal conductivity/ Poisson’s o
Material (ke ) kg K (Wm™ K ratio Emissivity
H13 7750 3000 24.4 0.3 0.7
A356 2 460 7 000 165 0.33 0.1
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Fig. 4 Cavity-filling performance of micro-pin-fin arrays at
different thixoforming temperatures: (a) 588 C; (b) 580 C;
(c) 570 °C; (d) 560 C;(e) 550 C; (f) 530 C
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Fig. 5 Cavity-filling performance of micro-pin-fin arrays at
different punch velocities: (a) 100 mm/min; (b) 200 mm/min;
(c) 300 mm/min; (d) 400 mm/min; (e) 500 mm/min; (f) 600
mm/min
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4 mm; (d) AH=5 mm; (¢) AH=6 mm; (f) AH=7 mm
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Fig. 8 Cavity-filling performance of micro-pin-fin arrays with
constant width and different / values: (a) /=0.5; (b) I=1; (c) I=2
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Fig. 9 Cavity-filling performance of micro-pin-fins with
constant depth and different / values: (a) /=0.5; (b) I=1; (c) I=2
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