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Fig. 1 Three-dimensional three views of gating system models
for thin-wall AlSi,,MnMg structural parts

£1 AlSi,MnMg& & WL FER S
Table 1 Chemical composition of AlSi;,MnMg alloy wg/%

Si Mg Mn Fe Mn/Fe Ti Sr Zn Cu Al

10.570.3610.5260.228 2.31 0.061 8 0.014 40.000 9300.001 8988.2

£2 AlSi,MnMg& £ HIIES
Table 2 Materials parameters of AlSi,,MnMg alloy™

R WAL T [
I (kg-m®)  [WAHLK [ (kI-kg') /(k)-kg'K")

2472 897/825 332 1.245

#3 HBWHMESH"
Table 3 Physical parameters of H13 steel

s TAHLR IR Lok
/(kg-m?®) JEMLK /(W -m'K') /(K- kgtK?)
7367 1148/11 475 28.07 0.726 2

x4 BT TEVRIB AL R &4
Table 4 Initial and boundary conditions for the simulation

BRIk pie B BEE S
I ¢ I(mest) [ (Wem?K?) /(W - m?K?)
120~195 650~ 740  1~35 1000 2000

R5 Ly (6°) EXIREERAFR
Table 5 Factors and levels for Ly, (6°) orthogonal

experiment
HEKE AR BRIREC FEMEE (m-st)
1 665 120 1
2 680 135 15
3 695 150 2
4 710 165 25
5 725 180 3
6 740 195 35
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Table 6 36 groups of filling parameters and corresponding air entrapment ratio

TR AL FER BRI AU B KRR e BRI &AL
=2 /C / (ms*) /°C 1% e /C I (ms*) /C 1%
1 665 1 120 7.06 19 710 1 165 7.49
2 665 15 135 8.29 20 710 15 150 8.08
3 665 2 150 10.23 21 710 2 135 8.29
4 665 2.5 165 7.06 22 710 2.5 120 7.67
5 665 3 180 10.3 23 710 3 195 9.18
6 665 3.5 195 7.59 24 710 3.5 180 7.4
7 680 1 135 7.27 25 725 1 180 7.06
8 680 15 120 9.61 26 725 15 195 7.55
9 680 2 165 10.48 27 725 2 150 8.00
10 680 2.5 150 7.47 28 725 2.5 165 9.56
1 680 3 195 10.13 29 725 3 120 9.24
12 680 35 180 7.51 30 725 3.5 135 7.38
13 695 1 150 6.72 31 740 1 195 7.02
14 695 15 165 8.27 32 740 15 180 7.56
15 695 2 120 9.58 33 740 2 165 7.09
16 695 2.5 135 7.85 34 740 2.5 150 7.93
17 695 3 180 11.04 35 740 3 135 8.14
18 695 3.5 195 8.61 36 740 3.5 120 4.31

AN Tome = 004778 Tima = 0.0M37

(a) MEAIRIE665 C, FEMEREEL m/s, (b) JEARIELE695 C, FoAIHE3.5 m/s, (c) MEMIRET40 °C, FERITHAES5 m/s,
BHIEAL120 C FEHIEAL195 ¢ BEHIEAL120 ¢
B2 Ly (6°) EXiin7iid s SRBIENER (aF51, b/FS18, c/5536)
Fig. 2 Air entrapment simulation results of filling process in Ly, (6°) orthogonal experiment ( a. No.1, b.No.18, c.No.36)

(a) (b)

El3  fEMAPhotoshop I EUERINE SR AL P ES LA TR IR
Fig. 3 Pixel processing for air entrapment ratio using Photoshop
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R HERMNFSEIZSHESTHNER
Table 7 Orthogonal analysis results for different filling parameters

K A (BRI ) B (FRRERE )  C (BLHEEE) K A CsMERE) B (FelUiE ) C (RLHEEE)
4 50.53 42,62 4747 K 8.42 7.10 791
K 52.47 49.36 47.22 K 8.75 8.23 7.87
K 52.07 53.67 48.43 K 8.68 8.95 8.07
K, 48.11 4754 49.95 K 8.02 7.92 8.33
K 48.79 58.03 50.87 K 8.13 9.67 8.48
K 42.05 4238 50.08 K 7.01 713 8.35
WER A (174) B (257) C (061)
P FK TR B SIA R I B> A LI HARPALE FERIEL mis SIERIRET740 °C >HEIR L35 ¢

El4  SLOREFESE IR
Fig. 4 Surface morphology of actual produced die-casting parts

E5 EHHHSMOSAEER

Fig. 5 Microstructures of different positions of die-casting parts

El6 SCORAEF= R XSTERARDLES
Fig. 6 X-ray testing results of actual produced die-casting parts
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Numerical Simulation and Optimization of Die-Casting Processes for
Thin-wall AISiI10MnMg Structural Parts

ZHAO Xu, WANG Ping, CHANG Dong-xu, SUN Jing-ying

(Key Laboratory of Electromagnetic Processing of Materials, Northeastern University, Shenyang 110819, Liaoning, China.)

Abstract:

This study takes a thin-wall AISi1l0MnMg structural part as the research object, an orthogonal experiment
with multi factors and levels was designed for studying the optimal die-casting process parameters. Three-
dimensional gating system and casting parts were modeled by Pro-E software. Simulation software Flow-
3D was employed to import the geometrical model and to simulate the filling state of the mold cavity under
different levels of parameter combinations. The air entrapment volume at the end of the filling stage was
measured to calculate the air entrapment ratio of the casting in the output picture by software Photoshop. The
experimental results of the single output index were analyzed intuitively and the optimal parameters were
obtained. The optimization results were verified by actual production, and the experimental results showed
that the components produced by optimized parameters have a satisfying quality.
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