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Optimization of Low-pressure Casting Process Parameters for A356 Aluminum Alloy
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Abstract: In order to improve the comprehensive quality of aluminum alloy subframe, A356 aluminum alloy subframe
was taken as the research object by ProCAST simulation software to numerically simulate the low-pressure casting pro-
cess, and through the response surface method with the minimum solidification time and the minimum shrinkage cavity
(hole) and volume as the optimization objective, the pouring process parameters were optimized with multiple objec-
tives, and the numerical simulation was used to verify the optimized process parameters. The results show that the opti-
mal combination of process parameters are presented as follows: pouring temperature of 700 °C, mold preheating tem-
perature of 326 °C, filling pressure of 20 kPa. The optimal combination of process parameters effectively reduces the
solidification time and shrinkage cavity (porosity) of castings, and improves the casting quality and efficiency. Through
the production experiment to further verify the casting moulding quality, the results show that the casting surface qual-
ity 1s satisfied, and there exists absence of obvious defects inside the casting, so the casting moulding quality is in line
with the enterprise production requirements.
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Fig.1 Aluminum subframe
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Fig.2 Gating system for aluminum alloy subframe casting
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Tab.l The chemical component of A356 aluminum alloy %

Wy
Si Fe Cu Mn Mg /n Ti Al
6.50~7.50 <<0.20 <<0.05 <<0.10 0.25~0.45 <<0.10 <<0.15 4%
T2 HI3HMEEULZERD

Tab.2 Main chemical composition of H13 steel %

Wy
C Si Mn Cr \Y% Mo Fe
0.32~0.45 0.80~1.20 0.20~0.50 4.75~5.50 0.80~0.12 1.10~1.75 A3 &t
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Fig.4 Interfacial heat transfer coefficient ¥
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Fig.5 Filling pressure parameters
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Fig.6 Temperature field distribution during mold filling
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Fig.7 Solid phase fraction distribution during solidification process
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Fig.8 Simulation results of shrinkage porosities(cavities) defects
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Tab.3 Response surface test factor-level table

*5 HEMBEEREFESWER
Tab.5 Solidification time model ANOVA results

K - L
WIEREE (A)/'C BEEFHGRE (B)/C AL T (C) /kPa
1 700 320 20
2 710 330 25
3 720 340 30

i 3 ProCAST #4%F A356 41 4 4 &l 72 4R K 45
T o R AT AU, G T A L B R A 2R i il
TR BT M A5 R gt Lk 4,
R4 Mm Rz EHENR IR REE R
Tab.4 Response surface experimental design and simulation

results statistics

FES SR A HE ¥o7 F{H PAi
MR 527.63 9 58.63 25.76 0.000 1
A 94.06 1 94.06 41.34 0.000 4
B 420.88 1 420.88 184.97 <0.000 1
C 0.9199 1 0.9199 0.404 3 0.545 1
AB 3.93 1 3.93 1.73 0.230 2
AC 0.008 7 1 0.008 7 0.003 8 0.952 5
BC 1.38 1 1.38 0.605 1 0.462 1
A? 0.006 9 1 0.006 9 0.003 0 0.957 6
B’ 5.89 1 5.89 2.59 0.1517
C? 0.377 1 1 0.377 1 0.165 7 0.696 1
k2% 15.93 7 2.28
KAV 6.39 3 2.13 0.894 0 0.517 4
afi iR 2% 9.53 4 2.38

A 543.55 16

F6 REMBEEMUSICE

Tab.6 Summary of solidification time model fitting

R* R Cy/%

2
adj

0.970 7 0.9330 0.9290

E=2 A/C B/C C/kPa Y,/s Y,/cm?
1 720 320 25 158.779 3.09
2 710 330 25 159.953 3.04
3 700 330 20 157.757 2.98
4 710 340 20 171.904 2.97
5 710 330 25 161.336 3.05
6 710 330 25 160.977 3.02
7 710 320 20 154.713 3.08
8 710 330 25 164.083 3.06
9 720 340 25 173.758 2.93
10 710 340 30 170.453 2.89
11 700 340 25 164.898 3.06
12 720 330 30 166.229 2.97
13 710 320 30 155.609 3.12
14 700 330 30 159.298 3.04
15 710 330 25 162.089 3.04
16 700 320 25 153.884 3.16
17 720 330 20 164.502 2.96
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Fig.9 Solidification time response surface plot

P i) % /0, 5 L A S A8 b /> DA A 58 [ B i) 9% B
AR Ak o AAIEL 9c AT, 4 B8 v TR Oy 710 CHY, BE [
FRF 1] e AL A TR T o T B ARG AR T 16 s,
1115 75 2D P g 25 b o 5 i ) 4 5 e e S B . 7E
R A HAEFE , BEE ) A 155 s B F] 171 s, J5t K]
5 R AL . £ b AT, AL AR B S R [ B
[E1) £ 5% W) e fb 2, HL R R e v IR, R AL TR ) 5 el g
/N R L AR TR A 0 A TR A e B e 4 Y A
JEE , DATAT 5 W 54 11 1) € Tk ]

2.3 FEFLAERARFR NG R g ER I S R o

DA 4 L 4 w6 AR BRAE S E o o 7 A2 L B T IR IR
T %8 J S 0 5040 ) 8 5 4 T 502 A R 3 BB R T
BER Ty 22 0 M S, L3R 7. 4 L4 b TR BB £ 41
AL B WS,

RT BAFREBEFTESWER
Tab.7 ANOVA results of the shrinkage cavity ( porosities ) model

ESES SEE AmE ¥ 75 F{d PAH
[ 0.073 0 9 0.008 1 12.08 0.0017
A 0.0105 1 0.010 5 15.64 0.0055
B 0.0450 1 0.0450  66.95 <£0.000 1
C 0.000 1 1 0.000 1 0.167 4 0.694 7
AB 0.000 9 1 0.000 9 1.34 0.285 2
AC 0.000 6 1 0.000 6 0.929 9 0.367 0
BC 0.003 6 1 0.003 6 5.36 0.053 8
A? 0.000 1 1 0.000 1 0.1413 0.718 1
B 0.002 2 1 0.002 2 3.24 0.114 8
c? 0.010 4 1 0.0104  15.50 0.005 6
W% 0.004 7 7 0.000 7
I 435 0.003 8 3 0.001 3 5.80 0.0613
a2 0.000 9 4 0.000 2
S 0.077 8 16

®8 FHILFMAREBABSILE

Tab.8 Summary of shrinkage volume model fitting

R?
0.939 5

786

Ridj
0.8617

Cy/%
0.856 5
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0.000 228B* — 0.001 990C*

P10 Sk DAY, A58 760 225 s (0 i o7 by TR L 08 e
TR L T HRG RE RN g Y R T R A BAE X Y,
B 52 m B o fR ] 10a W] %0, 24 50 80 s ) o 25 kPa i),
45 AL 40 P VR FR B 7 5 VR R T o T A BRI B AR
FL UG BE B T s D 20 T 0.1 em?®s FE BN
F B TS EAERT S AR MR FI 3.45 cm®
R 22 3.25 om’®, 3X 2 Hy 85 L o RAG IR 3 R 0% U R 1Y
T, A B TR A 4 R O S AN b 46 BE 1, D e/ G
FL4i b R AL, Fh & 10D AT, 2445 EL F AR B A 330 °C
B, D8 T B T s o 0 B R B R IR AIK |, i 7 7 T
FIRE R R SE LA TR IR A L.
7E P L T 32 BAE R 46 L 4 P R B R B
e R E N AR M B B RN 3,34 em® FREE
3.26 cm®, X 2 H T AR AR Bk OR , FE A ) (A) R, 4 )R
W T R, &R TSRS A S R,
AT A B A v oy 30 AL A e B 2 2 ) R e K
B B S R R A B TS SR R4 DA o
FLZERA BB IR D . TR TN FE R R K 42 )R
R I R O W EAIE R /N R EP P UK (R (AW
25 5 304 JE VR TE T A A R v PR AR R 8 K 22 i i

(2)



A356 FR 3 G B 4 AR #5181 2SRt st. ol 55

W, 25 50 R ARV WA A BB o N 10 AT, M PR g BISSEAE IR, 4 AL 47 A A B3R 3 s S 18 O et/ #Y
9710 CCHE 8L BPGI BE TR e s B R BT B AR NS IRl ZE bl B E FPGE
0.1 cm’s 45 fLAF AR BE A SE R 3 R R B Je b 3 X0 48 AL 48 A P AR R o e 18 35, LR 8 il B2, S Y
THE TR B BRI BT PR KRR TS R ERN

3.40
3.38
3.36
5334
?ﬁ 3.32
%330
g\% -
it
= 3.
§ 324
3.2 TS
y ’Bﬁ’%’bbﬁbq —
3 ! Bt gy > A0 NS
o A P 2> ) R By >0
Ly, (\\'\\?”p 2 gg‘} Bern 0
(a) A-BYi L (b) A-CWi 37 T (c) B-Ci 57 i 1

B 10 %43l AR AR vm 5 i

Fig.10  Shrinkage hole shrinkage volume response surface plot
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