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Abstract: The die casting process of A356 aluminum alloy scroll plate was investigated. The defect control effects
of liquid and semi-solid die casting processes were compared through numerical simulation. After optimization, the
semi-solid vacuum die casting process was employed for production verification, and metallographic analysis and
performance testing were conducted on the castings. The results show that the semi-solid filling process exhibits a
smoother liquid surface compared to the liquid die casting, leading to reduced entrapped gas, oxide inclusions and
shrinkage cavities in critical areas such as the spiral teeth and the bottom surface of the scroll plate, and the vacuum
pumping can further reduce the defects. The scroll plate prepared by semi-solid vacuum die casting exhibits dense
microstructures, with no visible defects such as gas hole, shrinkage cavity, or looseness. The as-cast microstructure of
the casting is equiaxed crystal, and the Si phases distribute in the form of eutectic clusters within the Al matrix. After T6
heat treatment, eutectic Si phases spheroidize into uniformly distributed fine particles. The HB hardness of scroll plate
increases from 53.1 in the as-cast state to 93.5 in the T6 state, surpassing the hardness of low-pressure die casting scroll
plate of the same specification.
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Fig. 1 3D structure and dimensional diagram of scroll plate
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Fig. 2 3D diagram of gating and venting system
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Fig. 3 Numerical simulation model
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Tab. 2 Thermophysical parameters of A356 alloy

e P/ (g-em™) [ AL IR/ °C

WAL/ C

FE A/ (T kg - K MG/ (Wem'-K")

A3565 4 2.437 552.4

1074 86.9
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Tab.3 Thermophysical parameters of H13 steel

AL I/ (g-em”)
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K/ (Wem'-K")

HI13% 7.9

633 234
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Fig. 4 Simulation of aluminum liquid filling process
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Fig. 5 Simulation results of oxide inclusions
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Fig. 6 Simulation results of the shrinkage cavities

(a) WA

HMEEREZES, BTEXIIESHEEN0335 g, &
AXIENESFREN0.16 g; MEESEEHZNE
RIERINEBEHL DSBS, BEEXFENESHREN
0.267 g, REXFAESRE0.058 g, M PNKEX
FHESERERTRSEE, BEHRENSESSER
2. o, FEISEFE M I ZF0 45 7L 3R A 1B B
MFREESE, HRFRERAEXRERD, 98
2.7 g, XBANTRSEELEEVNITANREIEEE .
A, FESEH D REIRESFIRE RN XA
B ERNFIS TG R R T RSEHFHE.

3.2 FEXEHIZHHESHEERE

NiE—LRERIERFERIE, WHEESEH
BEBITMNL . BIELARMERNER, £EELLE
RHESBFANEZE], ﬁm%mmumrnﬁ
H1x 10" Pa, BDLIEBRFTEIIIEALATHE S
2, MERATR. MAEMNEERIIERIEY, %
i, ¥ESETEHELRERBIEESENSSREN
6.09x 107" g, EMFEIEENI.T ¢, FEILEN1.30%;
ERETENESEEN236x 107 g, SHEIES
$92.4 g, BILEA137%; EERETTENESREN
423x 107 g, |HFEIFEENG6 ¢, HEALFN1.32%,
HET7TSLERAT A, KA ZEIRNESFIEKERY
BEREBXNRER, EURRNEALE—ERER
D, Rz ZEReIE B R RNE R T TR A )R



N *EE
20264F HAET5E TZHAR Founorw
0.7 20
0007, s R RS R
_ A R S 18- S T
8 0,005 —ﬁéE?&E%E% 16 - | *[E?SE%E%
ki
#
=
®
L2y JRCTE 62575
YA
(b) FAfbdezz
20 -k R
181 - R
L A 1
14+

FHFLEI%
5

08

et

JETH Bt
A

(¢) 4ifls

El7 imheaE S Riasitas

Fig. 7 Statistical results of defects in various parts of the scroll plate
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Fig. 8 Exhaust ducts and vacuum valve installation locations
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Fig. 9 Simulation results of semi-solid vacuum die casting
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Fig. 10 Physical photo of scroll plate casting
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Fig. 12 Metallographic structure of scroll plate
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Fig. 11 X-ray inspection result of the scroll plate casting
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