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Optimization of Die—casting Process for Al-7Si—-Mg—Cu and Study of the
Microstructure and Performance Evolution along the Fluidity Length
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(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116023, China; 2. Ningbo Institute
of Dalian University of Technology, Ningbo 315016, China)

Abstract: To address the current challenges of difficult process control, low product qualification rates, and significant
performance disparities among various sections in large complex die-castings, the effects of pouring temperature and mold
temperature on the microstructure and properties of die-castings were investigated via an integrated computational platform
guided by the concept of material genetic engineering. The experimental preparation was carried out via the parameters
used in the simulation, and the effects of different filling distances on the microstructure and properties of the materials
were further studied. The results show that with increasing mold temperature, the melt flow ability increases, the grain size
increases, and the porosity decreases. Similarly, with increasing pouring temperature, the melt flow ability, grain size and
porosity increase. When the pouring temperature is 750 ‘C and the mold temperature is 250 C, the alloy has good filling
ability and microstructure. The analysis of microstructure and mechanical properties under different filling distances shows
that with increasing filling distance, the area fraction of ESCs (externally solidified crystals) decreases, and their morphology
changes from coarse dendrites to broken dendrites, strips and spheres. The porosity first decreases but then increases, and
the mechanical properties first increase but then decrease. The material still has good mechanical properties at 650 mm,
indicating that the maximum allowable filling distance of the Al-7Si-Mg-Cu alloy reaches 650 mm under this process.
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Fig.1 Schematic diagram of a spiral model of a thin-walled
structure
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Tab.1 Simulated process parameters

Parameter Value
Grid Type Tetrahedral mesh
Size of grids/mm 1~5

790326
Al-78i-0.45Mg-0.3Cu

Total number of grids

Casting material

Mold material DAC
Pouring temperature/ C 750
Mold temperature/C 250
Coefficient of heat transfer/(W-m?-K™") 2 000
Casting pressure/MPa 14
Low-speed die-casting/(m-s™) 0.2
High-speed die-casting/(m-s™) 6

1.2 ERHEFENER

AW 58 R H ProCAST {ii B % {4 Fil MATLAB
BAE /AT A MU AR BT RF  PA Tt s TR
BRAF IR IR B A ELR B EHAL-7Si-Mg-Cu &
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T i 2 7R 680~800 °C , 158 H il i 7 140~300 C
TE HBCASE 400 25 SR 1 L BT S A i ok RS R S B A AR
L, M T AT 51 £ 1 B 4] (sequential linear pro-
gramming, SLP). {41 /5 %:(broyden- fletcher-gold-
farb-shanno, BFGS) % )i fb 7% , SQP 8. i i i 7
AN AR SR — > ORI T[] R % A 3 3 I A
fife, HA WS I T RRCR A S R AR TR A
Pesie, 7z F TSR A AR LM AR Ak ) 8 20 FOA% 0 SR
REUIE: I 28 8 e =0k R vk 2 s ) i, an =R (1)
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Fig.2 TIterative flowchart of the die-casting process parameters of the integrated computing platform
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Tab.2 Iterative results of pouring temperature and mold
preheating temperature

Pouring Mold Filling L .
. . Grain size Shrinkage
Iterations Temperature Temperature distance X
/um  porosity/%

/'C /'C 1%

1 800 300 100 329 1.7
2 667 279 83.7 235 0.97
3 681 141 77.1 26.9 1.18
4 697 254 88.1 36.2 1.3
5 730 260 94.5 329 1.5
6 800 267 100 349 1.8
7 756 228 95.6 28.5 2.1
8 760 240 100 29.5 3.0
9 689 221 83.7 249 1.0
10 782 172 93.1 26.2 2.0
11 701 250 88.1 25.9 1.2
12 792 158 93.5 29.5 2.8
13 719 188 86.8 342 1.7
14 791 276 100 36.5 1.9
15 725 144 84.6 30.5 1.7
16 719 286 94.8 255 1.6
17 723 244 91.9 325 1.7
18 750 235 97.3 27.2 2.0
19 672 221 80.3 225 1.2
20 691 157 79.8 259 1.4
21 729 210 93.0 355 2.4
22 795 187 95.0 249 2.0
23 695 275 89.9 30.5 1.6
24 715 211 91.4 30.9 1.5
25 680 263 85.1 239 1.2
26 750 218 96.4 25.5 2.6
27 740 153 91.3 249 1.9
28 700 180 82.8 26.2 1.4
29 740 250 95.0 279 1.5
30 755 250 100 28.7 2.2
31 720 270 93.5 275 1.6
32 750 250 100 28.5 1.8

#3 Al-7Si-Mg-Cu& & U FH 5
Tab.3 Chemical composition of the Al-7Si-0.45Mg-0.3Cu

alloy
(mass fraction/%)
Alloy Si Mg Cu Al
Al-7Si-Mg-Cu 6.79 0.41 0.34 Bal.

PSSR BB, I 3a2 s @ BRIAE TR AR TR R
LR G R TT IR BE [, A0 18] 3a3 FI a4 B, HCBE [
W S e A3 P, EL R B4 A -5 R o i e B 4
K T HELL B s . [ 3b A fLBR R B AER
A ARE R R AL 1B 3¢ AN TR FE R ES R A
dr R RO AU EE SR I A1 24 ok R B Sk 4K
ZER PRI T 455, 18] 4a 9 EBSD A5 2 1
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Fig.3 Simulation results under the optimal process parameters: (al~a4) filling and solidification simulation; (b) simulation result of
shrinkage porosity; (c) simulation result of grain size under different filling distances
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Fig.4 Grain reconstruction diagrams and grain simulation result diagrams of the Al-7Si-Mg-Cu alloy: (a) reconstructed grain diagram
measured in the experiment; (b) simulation result of the grains
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w5 NE Al-7Si-Mg-Cu &4 1 XRD 45 5% 18
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AN, T LA 705K 35 14 4 4 ] o W42 ) ESCs 1 /5 JE% AL7Si-Mg-Cu &4 XRD il
» . Fig.5 XRD pattern of die-cast Al-7Si-Mg-Cu alloy
5122 MR TR R R BROBL AN AR 3 R IRk A T

K6 AR AAUEE BT AL-7Si-Mg-Cu & 4 & AL 41K ESCs T AR50 B e 1455 < (a) S AHZL 5 (b) ESCs TR 43 B 45 21
Fig.6 Metallographic structure of the Al-7Si-Mg-Cu alloy at different filling distances and statistical results of the ESC area fraction:
(a) metallographic structure; (b) statistical results of the ESCs area fraction
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Fig.7 Melt temperature of the Al-7Si-Mg-Cu alloy at different filling distances at the end of filling: (a) simulation result;
(b) temperature curve
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Fig.8 The mechanical properties of the Al-7Si-Mg-Cu alloy at
different filling distances
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9 ANFIFAIEE T Al-7Si-Mg-Cu & 4 Wi 1 S M 241 21
Fig.9 Fracture microstructures of Al-7Si-Mg-Cu alloys with different filling distances
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Fig.10 Schematic diagram of the mechanism of the mechanical property changes in the Al-7Si-Mg-Cu alloy with different filling
distances
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