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Numerical Simulation and Optimization of the Thin—wall, Narrow-groove and
Deep-blind Cavity Titanium Alloy Casting

GAO Xiaohui, LONG Xingquan, REN Anxing, LI Hao
(Guizhou Anji Aviation Investment Casting Co., Ltd., Anshun 561000, China)

Abstract: The focus of this paper is on vacuum investment casting technology for titanium alloy castings, particularly those
with thin-walled narrow grooves and deep blind cavity structures. Owing to the high chemical reactivity of titanium alloys,
which are susceptible to reactions with various atmospheric components, stringent requirements are placed on the selection
and drying process of mold shell materials. However, limited drying conditions in narrow, deep blind cavity molds often
lead to defects such as cold shuts, misruns, and gas porosity during pouring, causing the castings to fall short of service
standards. To address this issue, casting simulation technology was utilized to analyse metal-filling behavior precisely and
ensure the sequential filling of thin-walled regions. Additionally, the filling path and gas escape channels in the investment
casting process were optimized, effectively resolving issues related to dense pores and achieving stable mass production of
complex titanium alloy castings.

Key words: thin-wall; narrow groove; deep blind cavity; scheme design; dense porosity

SRl ESpRI ]

PR B BEAIG LU R R T A Kk 1 RE AR
5 — MR R SRS H AR TEL S LR BEYT
FR ) e 5 S e B Tz o T i e e R
ML R A0, W SE [ F-22 FFdHLR T T 70 £4
RESKEM, HOLEM 50% & h kG & %5
B, AR B R T RS A I
BEEVE N BRI B T AL R R A
AU BLA PR, 76 410 2 i 5 5 K5 4
H ZTC4 2 AR KL A S BLAS i 28 % 3 T B T
KRGS MRL, Bl L2 FEK G 4 05 14 7 i 1) o2 FH 43

Y75 H #5:2024-09-13

SRR, A PR A B R A B A R AR D O™ b
R PR T 1 5 R ) R T ORI, B e A Al o
PR A AR i i e b 5y S KRN, L
PrF AR AL ek ORI Z 8, U HAE B
O TRIEANET BRI ) ZUEE 5 L% v il b ), o 20 7
PR Tt | e i B R stk e i i) BE 7 1 7 A
FOREE BT A A B R MR R I 2
SERI R, 4 A3 2 S AR AR M B R, L e o i
TAAE RSN, s 5 R 7e A A VR T, 7 2R R AR
TEMPIRBEE PR T A R BRAE 8 b TP U 4

YEZE B A m e, 1988 4R A ARBE T AR, 3290 S Bk 6 5 28 043 T 25 B i A8 BEABL U7 1T (19 T2 /F . Email: 907054963@qq.com

SI A W BE R, JE R AT G 24 20 I R B AR R IR M By B 1 T SR AR SRR D], #5 B H R 2024, 45(10): 975-980.
GAO X H, LONG X Q, REN A X, LI H. Numerical simulation and optimization of the thin-wall, narrow-groove and deep-blind cavity
titanium alloy casting[J]. Foundry Technology, 2024, 45(10): 975-980.

https://www.cnki.net



SRl ESpRI ]

+976 - FOUNDRY TECHNOLOGY

Vol.45 No.10
Oct.2024

RS L BB 12 Bl B — L T RE 728 R TR R 5 1
b i 2 7 1 i K B AL

UEAEOR B T AL R & e B BT
Tl 2 i AR ARAR T I N . BB S g SRS T
ProCAST X F X H 48 & &G B A & T2 3
17 T BUE AL, 31 54 24 5k [ 3o A vl 1 A0 28 1) A2 4k
DA KB A BB 43 AT, 46 T AR R o S R R
H AR, BRIEBIEDUREER A 4 5 pE e 1
MWFFEXT S 454 ProCAST A FRIC/ Hr k1 e & 3K
3G A% I SR RE R, RGNS SEEIHL T TC4 5
RS AR B 3, A0 4 R S 4 SR AR A
I3 1 B AL 45 SR A AR 0 B 3h O ) R R, B
HET P T AR B R AR 2 AR H
ProCAST 4 X A 7 v A HL I (1) $5 15 T 25 S Hv%
B | 46 L 55 BB 1E AT T BOIE A 8L A0 BT B0 R
FEH ARG T 6 TR R WP AL %S4, 2%
RAEPUR HBUERRU 0 9E T ZTCA A &L 5
U85 3 11 7 AN [ B L 0T T B B BT
T, P55 R A AR B X e R e L AR O sh 3 | [
SRR S RN S s S T T B A A

B HEBE S AR IR I ZTCA A S 851 s T
i e DR R 5T 5 R IR A YR I 7 A ) 8 A R AL
7] R0, AR SCN T 203 T A B 45 Je i 1Y) 4 o A
PO B AR RS 45 4 TR W 7o 78 5 0 )
PEAL B0 85 1 o b 4 DU E SR Rk
W S AL S g FL B, AT B R T T2
i AL T RS R IR RS & AR
FEAtE A

1 HHERER

TEIBUER 5 48 SO B 1A g ML B 04T T 2080t
T, BEEM A ZTCA 2= R 1 s o B
HTF WA SIHL L, R EER ST 8329 mmx253 mmx
32 mm, fiw K 3.77 kg, J@ TR B OF | 0F = di 4
T 1 FoR o H A A AR 58 BERGT i 26 mm, H
W5 ] S s VRS, B IR EE R ST 9307.8 mm,
B M R T ALEE SR A 3 mm, P 2 ARG A B TS
2 mm, SCHR /N R B IR 32 mm, B 5 — i 2k
FPAPRE, BEREIL 27 mm, F5 0 0 )8 KBS 4 P AE
JU% 88 55 SR RE () SC HE A BRI REIE RS 2 R R H
R BE ROT R, BN B2 BSR4 F
AWK, FE R R G 5 7 A AR ARV AL
i B R LR B HRR A
2 SBEIZEIT R FETREEM
21 BORSBIZIEIT

BLODTETE LA TH B, Holks 2 b 7e
TWS S BIEE I E.O Pt I, 7Rt
B, WSS E AN B S B0 I 5T
] D45 52 ) 3 A7 B B0 ST ISR i AR AR
W5 A B A 2 R Ml TS0 A o b —
55 A IR D1 B B OB AR I 3 R #h 4
o TR 3 PR R B AR A O B R0 AR
F o RIL, 766 B0 Be ik T A T5 B0, A &
JE LA AN B A R TR A S R )
Y 5 A4 518 0 01 W R Wy BN, LA DR AN

FR1ZTCHLZER 2
Tab.1 Chemical composition of the ZTC4 alloy

(mass fraction/%)

Major element

Impurity content, =

Ti Al \Y% Fe Si

other
N H (0]

Singular Total

Matrix 5.5~6.8 3.5~4.5 0.30 0.15

0.05 0.015 0.20 0.10 0.40

B 1 I = deai

Fig.1 Three-dimensional structural diagram of the casting
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Fig.2 Schematic diagram of the pouring system: (a) planar structure; (b) enlarged view of the support plate
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Fig.3 Variation in the temperature field during metal liquid flow and mold filling process in casting: (a) 0.7 s; (b) 3.4 s; (¢) 5.6's;
(d) 15.1s; (e) 30.0's; (f) 110.1s; (g) 530.1 s
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Fig.4 Simulation results of defects
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Fig.5 Schematic diagram of process optimization
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Fig.6 Simulation results of defects: (a) during solidification;
(b) solidification completed
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Fig.7 Industrial CT image of the casting: (a) outer surface;
(b) bottom of the support plate
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Fig.8 Actual production of the castings: (a) rough casting; (b) outer surface; (c) bottom of the support plate
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