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Abstract: In this study, the centrifugal investment casting process was optimized using ProCAST soft-
ware based on an orthogonal experiment for TC4 alloy variable cross—section components. Simultan-
eously, the mold filling and solidification behaviors of the castings were investigated in detail, and the
quality and mechanical properties of the castings were characterized. The results show that a small
amount of shrinkage porosity is discretely distributed in the middle and bottom of the casting, while a
large concentration is discretely distributed at the top. The formation of isolated liquid phase zones is
the main reason for the shrinkage porosity, and the termination of melt metal flow exhibits the charac-
teristics of a narrow crystallization temperature range. At the same time, the stress concentration mainly
occurs at the connection between the inner sprue and the casting, and the major cause of it is the large
structural change. The internal quality and dimensions of the casting were characterized, and it was dis-

1% B #8:2024-02-23
TEE B BRIE, 1971 F A, 55, Wrr AN, S os Az, @ TR, WF52 07 n1 K& 45 % %53 , E-mail: hetong-
zheng@163.com,


https://doi.org/10.7513/j.issn.1004-7638.2024.03.007
https://doi.org/10.7513/j.issn.1004-7638.2024.03.007
https://doi.org/10.7513/j.issn.1004-7638.2024.03.007
mailto:hetongzheng@163.com
mailto:hetongzheng@163.com

534

BUFILE, 45 TC4 A &AL I PHE B T 20 B el 72 - 47 -

covered that there is no shrinkage porosity, the casting dimensions better satisfy the design require-
ments, and there is no visible deformation. The room-temperature tensile strength (UTS) of the hot iso-
static pressing (HIPed) castings is 953.5 MPa, the yield strength (YS) is 835.0 MPa, and the elongation
(EL) is 10.0%, which can better meet the actual service demands.

Key words: TC4 alloy, variable cross—section components, investment casting, ProCAST numerical

simulation, defect control
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Fig. 1 Three—dimensional models of the casting
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Table1 Orthogonal experimental design
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9 1750 400 5 350 A3B3C2D1
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Fig. 3 Results of shrinkage porosity simulation in the orthogonal experiment of the casting
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Table 2 Intuitive analysis table of orthogonal experiment
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Fig. 4 Filling and solidification processes (optimization scheme)

2.3 BEiEELE T
23.1  4Eth4Esl

 5(a) RRHMLAE T % AIB3CID1 5
TBEAN AR FL AL . 5 IE AT IR AR U 25 SR — K,
T R K A F LA P A FE 5 TR, /i
AR P AR LSO A e PR SRR . B e, 45 A NGT
TR DXASE B 45 SR X TOU TS 4 Hh A A i FL A T 1l D R
TTRA AT, WK 5(b) iR, W LAE Y, T
TE R T ISR X, HHAF AR OIS i 4 FLIE A%
7 B AR — 3, XA HAESE T IS A X S i
AR FLIE B E R A . Ak, 544 TR N7
TRAH DX I R A 2 T R S 12 X el 5 T X ek A
AR AR A K (TR RE A ), BRI i ¥ LA ot
7o TR, 2 X duk A 22 1) 7 B R e T (1] 4(e) ~ (h)
WM ZEAN G FLIE R B R R 2P Xep
T B B AR A FL T, R T IS A (X B )

HMIEL 5(e)~(d)), FERLS RE AT ] RE I AT AL
WAL B R . Ase"™ B0 T SR R
TiAl 54 AN AR AL BTSN, K B4 e A B
FERY R S 23 R AR ImlAE, AT B U AR
MELLHERS, SZIE AR AL

455 ALGUVBEALL AN R, 85 1R BE 14101 391 (1 6(a)~
(b)), BRI N L HBOR, HPR S LT T LT EE
J7 JERIFAR K Bl BE L R 2T, AR e
K, G F TV AR B, 1X A A R A%
Pt TR, BRI A S A AL )
VRIS BEARREHE SRS , OIS DE A, 1] 6(c) ~
(e) s BEFEI S HUS (K 6(), #1148 KAk
R B AT 2R . AR#E Dahle 45 A 4111
ARG IV FELS RHAE, AP0 Y TCA 5a 03
PRV S5 R 2B 78 25 Al BE Y B 5 R AL, JE A
TN A HLRIANIE 7 B X TS Rl &
G, WORHDXAFETE TR DR TR AR, “WPRIX” ([T



%3 BRIFIIE, 45 TC4 & S BRI R AR 84 T 20 A Btk b 2 1) - 51 -

A XHO FEBE AR A 2 B, R PSS AR AT A S & R B AR 45 Al R i B A, O

G RWRFFAERAS TN, A, Wang S0 18 SR IARAA AL B B TR AR S
RIT B,C X TC4 i shtERE Iy, WA E S AR EIERTE R T SRS

i LL/%

=
=
%

SLOPBEAINS
N
#| cocoocooooooooo—

S B RN 120000D
RSOSSN NDNNSARS
QNSANSANSANSIANS

=

COLOOOOOOOOOOOO—~
SR B AN 100000
RSO NSANDANDSANS
JNSANSIDNSANSIANS

| 1333
7y , 2
T<X g 133
.067

VA 15.65s

(a) DFAGRAL; (b) DEFASTIRAH (c). (d) AU IR AH X
5 FHREALSIIBERRLFTR)
Fig.5 Shrinkage porosity and the isolated liquid—phase zones (optimization scheme)
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Fig. 6 Simulation results of macrostructure (optimization scheme)
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Fig. 7 The cessation mechanism of flow
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Fig. 9 Macromorphology of the ceramic shell and the casting
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