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Simulation and Optimisation of Aluminium Alloy Die Castings Based on Integrated
Learning and Improved Grey Wolf Algorithm
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Key Laboratory of Part Rolling Technology, Ningbo 3152115 3. Longyou County Inspection and Testing Institute,
Longyou 324400)

Abstract: In order to optimize the production process parameters of aluminium alloy die castings and reduce the cost of
trial-mould, the concept of comprehensive defect score was put forward with the objective of reducing pore defects,
shrinkage and cavities. An orthogonal test scheme was designed for the key process parameters including mould tem-
perature, filling speed and pouring temperature, and AnyCasting software was employed to simulate the aluminium
alloy die casting process to obtain corresponding defect score. The non-linear die-casting model between process
parameters and defect scores was established through the integrated learning model, and the improved grey wolf algo-
rithm was utilized to determine the process parameters for aluminium alloy die-casting as follows: mould temperature
of 188.84 °C, filling speed of 1.83 m/s and pouring temperature of 670 ‘C. The defect location of aluminium alloy die
castings is consistent with the simulated ones after production verification with optimized process parameters, and the
production quality meets the expected requirements.
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Fig.1 Flowchart for simulation and optimization for aluminium

alloy die casting based on integrated learning and improved grey

wolf optimizer
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Fig.2 Pouring and runner system of aluminium alloy casting
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Tab.l1 Chemical composition of ADC12 aluminium alloy %
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Fig.3 Schematic diagram of filling process for die casting cover
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Tab.2 Value range for die-casting process parameters

FERHE/ (mes ) GEV L IE /C BEHRE /°C

1.6~2.4 650~670 180~220
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Tab.3 Factor level design

KF BAREA/C mRHE (B)/(m-s™) BEEERIE (O)/C

1 180 1.6 650
2 190 1.8 655
3 200 2.0 660
4 210 2.2 665
5 220 2.4 670
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Fig.4 Selected profiles for defect analysis
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Fig.5 Quantitative analysis of defects
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Tab.4 Orthogonal test results
\ 7 = A 4z

1 180 1.6 650 15.44 12.20 96.17
2 180 1.8 655 15.01 10.10 86.28
3 180 2.0 660 15.85 11.70 95.35
4 180 2.2 665 13.85 11.10 86.91
5 180 24 670 13.70 10.80 85.23
6 190 1.6 655 15.55 10.40 89.12
7 190 1.8 660 14.07 10.40 84.70
8 190 2.0 665 13.94 10.40 84.31
9 190 2.2 670 14.28 11.10 88.20
10 190 2.4 650 15.72 9.00 83.89
11 200 1.6 660 14.98 9.80 84.96
12 200 1.8 665 14.47 9.60 82.62
13 200 2.0 670 13.43 10.40 82.78
14 200 2.2 650 15.84 10.00 88.35
15 200 2.4 655 13.34 11.50 87.02
16 210 1.6 665 14.28 9.60 82.05
17 210 1.8 670 14.06 9.50 80.98
18 210 2.0 650 15.29 10.80 89.99
19 210 2.2 655 16.30 9.60 88.09
20 210 24 660 13.97 9.80 81.94
21 220 1.6 670 16.72 9.90 90.57
22 220 1.8 650 13.21 10.50 82.54
23 220 2.0 655 13.79 10.30 83.45
24 220 2.2 660 15.78 10.80 91.45
25 220 2.4 665 15.90 8.30 81.56

RS WMESWER

Tab.5 Extreme variance analysis results

SEEA A B C
b 89.978 88.564 88.174
b, 86.024 83.404 86.788
ky 85.130 87.162 86.650
k, 84.598 88.588 83.482
ks 85.910 83.922 85.546
W2 R 5.480 5.284 4.692
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Tab.6 Accuracy comparison of integrated learning model and
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Fig.7 Comparison of optimization algorithms
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Fig.8 Simulation results after optimization

1541



Frfp o il oA (05 &

2025 4EHS 45 455 10 1

4.3.2 EPEEHE

i AR AR A B TR 43T L OE S8R A R e
KRB LEIFIN T ESHNEBRG 2% . RE 8k
B R 2R OB SRR AR, ORI B o X i AR
TEEAT X-BH RO R, 45 R WK 9. ATRAE I, =4
S E S ES R -8, X RAGERLG KW
AR, A, KL BE R D R A A TR i —
AU UE T O BB R AE TR A= 7 g R rp AL o A R
5T M B P RRT S

(4
s

é
| [ l

0 OI
B9 XA X4 & AR A ]

Fig.9 X-ray inspection of test mould parts

5 & &

(Dl i AnyCasting X ADC12 88 & & ¥ 1F
PEAT 5 B, S BT I A B FE A L AR B AL
AR R o e W /NI R I ST DA R VA

(OB T IER RS, 51 ARG bR, 8 5 e
MIRRVEESE T LA S S WG 4 Z 1A R PR TR B
BEAY | IR FH 0k i AR S5 DA 0 48 B 4 R85 1
fb T2 2 %0 B H R R 188.84 °C, 7t AL i & Ny
1.83m/s, BEIHFIRERNG6T0°C., HEILX L LSBT, . &8
WS TR W B e B i B b

& % X #

[1] &5 #L TR ZTM631 84 4 oW 41 80 J 2 M fik 14 3%
WAATFE LD ] 5 R - 576 Tl k2, 2024

(2] FEAEDL . v 51 42 0 S Ml M Tt MY o o 495 4 0 57 7 i B T S P DT A
[DJ. PR AL, 2019.

(3] xayud w4 . 4R VBEG EF MR 4 Do A R R K J (],
TR 30, 2024(2) :50-55

(4] &8 0E, D525 RA S A — AL S5 il 1R 1R 8 1UR B A
WSTR[ T 45 Fh e S A (B 4, 2024, 44(8) 11 009-1 022.

(5] Z=5e U B Ae IR 1% — R JE 56 BLAR Je iy St miH [T, #6508 TR,
2024,48(1):25-29.

[6] YANG L J. The effect of solidification time in squeeze casting of alu-
minium and zinc alloys[J].Journal of Materials Processing Technol-
ogy,2007,192:114-120.

[7] VIIAN P, ARUNACHALAM V P.Modelling and multi objective
optimization of LM24 aluminium alloy squeeze cast process param-

eters using genetic algorithm [J]. Journal of Materials Processing

1542

Technology,2007,186(1-3):82-86.

[8] FEHL,ZEHLf5 . 3+ AnyCasting (57 & 4 50K 75 K 5% T2 280k
16 [T]. #5554 AR, 2020,41(2) :153-156.

(9] Bgefe, g JrACHy, A5 TR T 2 I 46 Y I AR i i R B A
Pt SR #1020, 2009, 38(13) :58-60, 64.

[10] TSOUKALAS V D. Optimization of injection conditions for a thin-
walled die-cast part using a genetic algorithm method [J]. Journal of
Engineering Manufacture, 2008, B222(9):1 097-1 106.

[11] GUPTA A K, KUMAR S, CHANDNA P, et al. Optimization of
process parameters during pressure die casting of A380: A silicon-
based aluminium alloy using GA&.fuzzy methodology [J]. Silicon,
2021,13(8):2 429-2 443.

[12] SRAEE 23806, B B0, 46 3 T SO O 30 36 0 30 i L4 o) 2 Bt
LT A5 B 5, 2024,53(6): 793-803.

[13] 22 K3 . BR A 6 TR A e I 42 1 B9 W5 (D ] B0« 14 4R R

2020.

BUE SO H B R, AR T A R T AN L A A T A

JZAAE AU BT R [T ] T RE L= R, 2023, 57(12) 1 2 443-

2454.

[15] ZEle R, ¥ veik, IO 0L T8 S B A 5 0~ ) 19 i A7 05 Ak
FUPTELT]. Sl as i R 4 TR S 5 8, 2024, 24(6) : 159-168.
[16] SE3C5E, Fh = R ARME A . 2% T Stacking £ AU 4% 2J 1Y 2O i E 1R
ARGt i), E AL, 2024, 45(6) :270-276.

[17] ARUNA M M A, HARSHITA. Optimized hyperparameter tuned

random forest regressor algorithm in predicting resale car value

[14

[l

based on grid search method [J]. International Journal of Advanced
Research in Science Communication and Technology, 2021 (6) :
106-113.

1= /. Ao )
(4R35 KIESS
e S S S S s ST S e st S S0

R X E(HAFRERAA E S
EVRAZT AR T, LFAZ L AT
B3 & 5 AT & T feid |

i b 45 i
ORI BA 54 5 S R 3h 25
U W) YTENY

Fr 5 i MOoA

(4 Ja DU T R 2 R Baik
T IE LAY (SCF Bl A5 0 20 5631
o A A d i i i A L D S e



