FiERE AR Vol.46 No.06
+550- FOUNDRY TECHNOLOGY Jun. 2025

DOI:10.16410/1.issn1000-8365.2025.5066

AM60B $( 5 & A MEEREERSE
% BT R R E AR U 33
BERV BBH 2 ERE 12 MIESTE V2, HEE 2B FPH F 3,

B A& 23, A Y2, SHECHTMAN Dan'?
(1. BRI RS ML TRFE, G B 710048;2. B ftthid 282 IR, & B2 710048;3. 44
B R RN )FT AR TR 8], e 4RI 727031)

W E L AMOOB Bt 4 R 1] Bk AL R A SR [ SRR Sy 0 5 X R R R A A B I A R ST
TR X HE LA 45 (4 10) 250, 1) FH ProCAST #544 , fiAl TR H A SN HERE R 50, 008 T L 7= T8 S8, Fe B B R s
PR AR L P R 30 15 TV H1AE i ARSI/ v B A% AR DR EE B T8 S BOM B Bl X A HL B0k )5 A 9 ] o B R AT T B4y
Br o G5 S E W] I TS50 5 TR [ A8 ORI 598 °C B R 2 my/s B L FiBGE O 160 °C L %250 F | Weds 2
BbE S i 2.27 em® FEACE 0.23 em®, 0 T 89.8%, il A S bR Ak 7= Bk,

SRR ¢ [ S I R T s AMG0B B 45 4 5 77 ) B 28 5 4R A 45 AL 5 BUE A4

hE S %S TG146.22; TG249.3 ERARIRAD A M E 4 S :1000-8365(2025)06-0550-08

Numerical Simulation of the Thixomolding Solidification Process for AM60B
Magnesium Alloy Steering Wheel Frames

XU Chunjie'*’, ZHAO Siqi'%, DUAN Zonghao'?, GU junqi'?, XIE Wanting'?, TU Tao*’, TIAN Jun*’,
ZENG Fanhong'**,ZHANG Zhongming'?, SHECHTMAN Dan'?
(1. School of Materials Science and Engineering, Xi'an University of Technology, Xi'an 710048, China; 2. Xi'an Shechtman

Nobel Prize New Materials Institute, Xi'an 710048, China; 3. Meigaomei Nobel Prize (Tongchuan) New Materials Co., Ltd.,
Tongchuan 727031, China)

Abstract: The thixomolding solidification process of an AM60B magnesium alloy heavy truck steering wheel frame was
taken as the research object. Given that the bulk of the casting material is difficult to fill in the isolated liquid phase during
the solidification process, the mold cooling and overflow system was optimized via ProCAST software, and the optimal
production process parameters were determined. To change the local cooling conditions, a local cooling pipe was designed
in the mold with the greatest part of the casting thickness, and the solidification process after the mold improvement was
simulated and analysed according to the adjustment of process parameters. The optimum process parameters are the
injection temperature of the semisolid slurry at 598 “C, the injection velocity at 2 m/s, and the preheating temperature of
the mold at 160 “C. Under these parameter, the shrinkage defect content is reduced from 2.27 ¢cm® to 0.23 cm?, which is a
reduction of 89.8% and can meet the actual production requirements.
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Tab.1 Chemical composition of AM60B magnesium alloy
(mass fraction/%)

Al Mn Zn Si Fe Ca Mg

5.43 0.258 0.101 0.039 0.019  0.0053 Bal.
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Fig.1 Structure of the heavy truck steering wheel frame
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Fig.2 Schematic diagram of the wall thickness distribution of
the heavy truck steering wheel frame
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Fig.3 Finite element surface mesh of the heavy truck steering
wheel frame
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Fig.4 Thermophysical properties of AM60B magnesium alloy:
(a) density; (b) enthalpy; (c) solid fraction
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Fig.5 Temperature field distributions during the filling process of the heavy truck steering wheel frame: (a) 10% filling; (b) 30% filling;
(c) 50% filling; (d) 60% filling; (e) 80% filling; (f) 100% filling
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Fig.6 Solid fraction distributions of the heavy truck steering wheel frame before optimization during the solidification process:
(@) 0.5s;(b) 1s;(c)1.5s;(d)2s;(e)3s
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Fig.7 Distribution of shrinkage defects and hot spot before optimization: (a) distribution of shrinkage defects; (b) distribution of hot spot
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Fig.8 Structure of the cooling pipeline with a rear mold
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Tab.2 Overflow groove size at different locations with

shrinkage defects

Location b/mm r/mm s/mm [/mm
1 100 12.5 20 6
2 150 13.0 15 6
3 15 10.0 12 3

9 i A R B
Fig.9 Shape of the overflow groove
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Fig.10 Solid phase rate distributions of the heavy truck steering wheel frame after optimization during the solidification process:
(@)0.5s;(b) Is;(c)1.5s;(d)2s;(e)3s
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Fig.11 Distribution of shrinkage defects after optimization
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Tab.3 Table of factor—level experiments

Factor
Level A-Pouring B-Mold Preheat C-Injection
temperature/ ‘C temperature/ C Velocity/(m-s™)
1 598 160 2
2 603 170 3
3 608 180 4
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Fig.12 Simulation results of shrinkage defects for nine experiments: (a) L; (b) Ly; (c) Ls; (d) Ly; (€) Ls; (f) Le; (g) Ly; (h) Lg; (i) L
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Experiment A B Shrinkage

Volume/cm’®

L, 1 1 1 0.23

L, 1 2 2 0.76

Ls 1 3 3 0.45

Ly 2 1 2 0.70

Ls 2 2 3 0.92

L 2 3 1 1.40

L, 3 1 3 1.77

Lg 3 2 1 1.50

L, 3 3 2 1.69

K, 1.44 2.7 3.13 Optimal level:

K, 3.02 3.18 3.15 AB,C,

K 4.96 3.54 3.14 Factor:

R 3.41 1.07 0.22 A>B>C
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