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Fig. 1 3D Model and wall thickness analysis of oil pump body
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Table 1 Chemical composition of ADC12 alloy W /%
Si Cu Mn Mg Fe Zn Pb. Ti. Sn, Cd Ni Al
10.35 1.95 0.25 0.24 0.72 0.61 £450.01 0.04 R
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Fig. 2 The gating and overflowing system design of the oil pump body
casting
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Table 2 Main parameters of gating and overflowing systems
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Table 3 Factors and levels in the experiments
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3 670 220 200/60 3.0 0.3

4 690 240 210/50 35 0.4
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Fig. 3 The effect of each die-casting factor level on shrinkage porosity
and cavity
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Table 4 L, (4°) results of orthogonal simulation experiments
(R SPIES SIS
e N
A B C D E ARAGHLIRT em® fE¥LL/dB
1 630 180 180/80 630 180 1.497 -3.50
2 630 200 190/70 630 200 1.301 -2.29
3 630 220 200/60 630 220 1.153 -1.24
4 630 240 210/50 630 240 1.178 -1.42
5 650 180 190/70 650 180 1.452 -3.24
6 650 200 180/80 650 200 1.315 -2.38
7 650 220 210/50 650 220 1.139 -1.13
8 650 240 200/60 650 240 1.141 -1.15
9 670 180 200/60 670 180 1.526 -3.67
10 670 200 210/50 670 200 1.473 -3.36
11 670 220 180/80 670 220 1.384 -2.82
12 670 240 190/70 670 240 1.282 -2.16
13 690 180 210/50 690 180 1.683 -4.52
14 690 200 200/60 690 200 1.601 -4.09
15 690 220 190/70 690 220 1.483 -3.42
16 690 240 180/80 690 240 1.322 -2.42
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Table 5 Analysis of variance results
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Fig. 4 Comparison of mold filling processesof castingsbefore and after processoptimization
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2024 $E2HA/5E73E

A EHEHZXIEEEEREETL100%, BIRES
FTHABEEIRE, XiH—SIEBESE At B T IR
WIEX . BRCEIREXEEmEREZENFRK
g1, R I 22 MU HEHWRERIEE EENE
EM.

MET7FR, SRESEHERINERER, FH
BINBILEB DT RABEBEAMIEZRMEBRL, M
EREXICANTBEE D . RETHAN, IEHEE
REnEFLERARBERL, NUaIHEHFRAERAL
BT B MR ARGEFLIEIRIATR90.988 cm®, =R
48.14%, 1RAJBEFZRLILSETRMG . RAN/EABIBIRIRTR A
0.762 cm®, HIZR$24.65%, FZRKUTHRTRIEIEZREE(E
A fE 55 (4 AR FNBE (2 A A b B B Fa TR PR RO AR FRAD

wm

L — ———
- ' .
[ —

Fi: . & d
i i ﬁ/ﬁmn?kﬁ
wiens @) B
B7 T ZRUBIETUAREREEIAGEFLEREXI L

Fig. 7 Comparison of shrinkage defects ofthe oil pump body
castingsbefore and after process optimization

=m

(a) JEFFRIH.

[ES5E R Founorw

BERBABIIERD . BB HFEERAEINTETL
IEAMATR S B91.452 cm’F11.067 ecm®, R ERIML
BB B FLERBEIBARATR IR T 26.5% o

HURRIAHH BN BEILRIER O NRE, EE2
EAKHMEEBEBRIZTREERL C, SBRALD
R GE/)N, MR FLBIARIIRIR N, BOR,
HEEEBEES30 €, BESEEREEEN, &
BiRmsh N Eae N ER, FRBINEFLHIREEN;
B=, EEEEERK. £EE, FEEREE
RINFEBNISSINEEENMEEINGERES; 5
M0, fiwERESEER, ESLLEX, HHEED
RIS, TiREBAEEHNERN, EalED
SHREIRFEFEZSNE BRI, BDHEEER
HEFLERDA .

3 HHRESH

KAEBa T EHFREFNMHUEN T ZSHER
E£F7, pEZAINVRRAEH ANE8bAT N, HE8bRILL
B, HHEREEOE, TRY. fufs. HBRR
EHERE, KEREBHELZEK.

NGRFEHRERRE, NEHITXIFER D, &
SNEI9F~ . XTELEIRIRIAEER S E T BRI TRN 45
R, ALIBEBYBREEG - EEREILRVESTR

(b) HfFEie

E8 [EHFLE
Fig. 8 Die casting production

E9 XSEIRMEER
Fig. 9 X-ray flaw detection results

MERER—E, XiFBEINLIEAITTNERZ LR
R . SHH T ERVNE SR B AIEI9HA . BFIAL,
XA E A HE A RIMUKEL, HHRRREE
MILFi=BRM. £EFF, RKEESRRBEER
EAbRYSADIRSR, RIBREALIRA LRI

NiF—E D ITIHEREEHRBERRRE, &
B9 5B R AR KB EARL B E DB IR, 11T
SHEEME (OM ) M., HE10arH, HHFEEECA
VERBESEERR, TREX, XS, EE
[B32, SRISAENM/NIBIRYIE o -ABFAZRIEH



Vol.73 No.2 2024

iEE rounory [5G ER

(c) JEBEAKLHr AT FTE A0
E10 HUMRAEHHEOM. SEMAR. HRITOAER . FRBREN BHEEE

Fig. 10 The OM, SEM organizations, fracture mophorlogy, tensile strengths and micro hardnesses of the oil pump body casting
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Numerical Simulation and Optimization of Automotive Oil Pump Body
Die Casting Process

LIU Xiao-long', GONG Hai-jun*, LU Hong-lin>, GONG Chen-pu*, GAO Zheng-yuan*
(1. College of Electromechanical and Vehicle Processes, Chongging Jiaotong University, Chongging 400074, China; 2. Chongging Dongke
Mould Manufacturing Co., Ltd., Chongging 401320, China)

Abstract:

In order to meet the requirements of high air tightness and high strength of theautomotive aluminum alloy oil
pump body die casting, and solve the problems ofshrinkage porosity and cavity defects of the casting, the die
casting process and its optimization are carried out. Firstly, the casting process was analyzed, and the gating
and overflowing systems weredesigned and the process parameters were preliminarily selected according to
the experience. Then, the Taguchi orthogonal test method was used to design a 5-factor, 4-level die-casting
process parameter scheme, and the ProCAST software was used to do thenumerical simulation. The results
of 16 sets of orthogonal experiments were used to analyzethe ranges and variancesbased on the signal-to-
noise ratios, and the results showed that the mold temperature had the most significant effect on the shrinkage
defects, and the optimal process parameters for the five factors schemewere: casting temperature 650 °C, mold
temperature 240 °C , slow/fast injection strokes 200 mm/60 mm, fast shotspeed 3.0 m/s, and slow
shot speed 0.2 m/s. The numerical simulation results show that the shrinkage volume of the casting under
this combination of process parameters is 1.067 cm®, which is 26.5% lower than that before optimization. The
die testing results show that the casting appearance is intact, and the X-ray flaw detection results showthat
no obvious shrinkage defectexist inthe key parts; using OM and SEM to observe the organization of the
casting, finding that all of aeras of the casting arecompact; mechanical property testsshow that the die casting
microhardness is greater than HV85, the average tensile strength of the test bars under the same process is
253.36 MPa, the casting meets the requirements of service.

Key words:
oil pump body; die casting; shrinkage porosity and cavity; numerical simulation; orthogonal experiment
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