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Numerical simulation and parameters optimization of thixomolded
process for semisolid AZ91D magnesium alloy
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Abstract: To study the influence of barrel temperature, injection velocity, mold temperature and screw rotation speed on
the quality and properties of products during molding process of thixomolded semisolid slurry, based on the initial and
ultimate viscosities and the Carreau viscosity model, a series of thixomolded processes for semisolid AZ91D products
were simulated under different processing conditions. The results show that the key parameters of simulated results are
influenced by the viscosity that is controlled by barrel temperature and screw rotation speed during the preparation of
semisolid slurry before the injection. However, the results for different injection velocities demand on the role of shear
process of injection nozzle and gate, while the mold temperature has a weak effect on the results. Through the analysis of
simulated results, using the optimized parameters, the results of the numerical simulation of the filling process
demonstrate that the cavity is filled smoothly and completely. The differences of the results are mainly located at the cold
plug catcher of runner system, and the results are almost constants and the distributions are uniform at the shell.
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Table 1 Physical parameters of die of SKD61

Heat transformation/

Density/ Speciﬁg heat Therm.alh (Wm >K?)
(gom™) capacity/ conductivity/ ) )
g (J.gfllel) (W,m*I,K*I) Die- Die-
slurry environment
7.81 0.543 27.17 2.0x10* 107
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Fig.1 Flow chart of thixomolding simulation
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Table 2 Setting of main processing parameters

Experiment Barrel Rotation  Inj ect‘ion Die
No. temperature/ spee({/ Velocity/ temperature/
C (rmin")  (msh) C
1 580 168 2.09 230
2 590 168 2.09 230
3 600 168 2.09 230
4 610 168 2.09 230
5 600 143 0.95 230
6 600 143 1.52 230
7 600 143 1.9 230
8 600 143 2.09 230
9 600 143 2.28 230
10 600 143 2.47 230
11 600 143 2.09 190
12 600 143 2.09 200
13 600 143 2.09 210
14 600 143 2.09 220
15 600 105 2.09 230
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Fig.2 Schematic diagram of shear thinning of semisolid

slurry
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Fig.3 Schematic diagram of relation for screw and barrel

i 1=01% 075
1010 ¢ -
é 109k
S 108k
@ E
L ]
é 107k
= 3
j="
é‘— [
]0(}_
" a3 s 3 saal " R | i IR ]
107 1073 1072

Shear rate/s™!
4 (EBIYIHR R [ & AZ91D KAL)

Fig.4 Viscosities of semisolid AZ91D under low shear rate!'
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Table 3 Modeled equation of initial viscosity and ultimate

viscosity
Shear Initial viscosity/ Ultimate viscosity/
rate/s”! (Pas) (Pas)
361.72  #=1.033 85exp(17.52 f;)  #=0.090 29exp(6.73 f;)

491.94 =0.756 40exp(17.66 £)  4#=0.073 69exp(6.58 £))

578.76  #=0.64127exp(17.73 )  #=0.066 19exp(6.50 1)
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Table 4 Results of numerical simulation

Experiment Temperature Biggest solid Biggest defects Viscosity Biggest filling Filling time/
No. distribution/C fraction/% ratio/% distribution/(Pa-s) pressure/Pa ]
1 548-580 4.01x10™" 9.43x10™" 57.1-70.5 1.74x10" 1.5538x1072
2 554-590 3.58x107" 5.92x10™" 1.74-2.16 2.74x10° 1.5594x1072
3 565-600 2.70x10"" 5.00x10"" 1.14-1.40 2.44x10° 1.5617x1072
4 572-610 2.14x107" 4.45x10"" 0.87-1.07 2.29x10° 1.5627x1072
5 534-600 5.10x10™" 1.38x10° 1.08-1.64 6.50x10" 3.4242x107*
6 553-600 3.61x107" 8.20x107" 1.24-1.64 1.50x10° 2.1452x1072
7 561-600 3.02x107" 6.01x10™" 1.30-1.64 2.17x10° 1.7160x1072
8 564-600 2.78x107" 531x10™" 1.33-1.64 2.47x10° 1.5598x1072
9 567-600 2.53x107" 4.70x107" 1.35-1.64 2.98x10° 1.4309%1072
10 569-600 2.39x107" 4.26x107" 1.37-1.64 3.58x10° 1.3215%107
11 560-600 3.08x107" 5.31x107" 1.33-1.64 2.63x10° 1.5600x1072
12 561-600 3.00x107" 5.31x10™" 1.33-1.64 2.49x10° 1.5597x1072
13 562-600 2.93x107" 531x10™" 1.33-1.64 2.56x10° 1.5600x1072
14 563-600 2.86x10™" 5.31x10™" 1.33-1.64 2.54x10° 1.5609x1072
15 562-600 2.89x107" 5.93x10™" 1.79-2.22 2.74x10° 1.5592x1072

(a) Temperature Time frame: 1.561 7> 1072 (b) Solid fractions Time frame: 1.561 71072

8.73X 102 2.70% 107!
il -

8.55X 102 1.35% 107"

8.38% 102I 0 I

(c) Defects Time frame: 1.561 71072 (d) Viscosity Time frame: 1.561 7% 1072

500X 107! 140X 10!
» "

2.50% 107! 1.27X10'
0 ’ 114X 10! ’

6 SKEG 3 A BRI LA R
Fig.6 Results of simulation at end of filling process: (a) Temperature distribution; (b) Distribution of solid fraction; (c) Defects

distribution; (d) Viscosity distribution
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