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Fig.2 Structure of the gating system for judging and optimizing the pouring position: (a) simulation results with the smaller end facing upwards;

(b) bottom view; (c) top view; (d) front view; (e) cross section of model
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(a) casting model; (b) stress analysis; (c) inclined design
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Fig.4 Flow fields of titanium alloy melt filling in castings at different stages: (a) filling straight runner; (b) filling gate; (c) start filling outer ring

of the casting; (d) filling support plates; (e) filling inner rings of castings; (f) finish filling

I TR B T3 T S Y A R T SRR P g i e 2, o
SCHE TR B S B T AT DX, A e

BEpEER LR TR B GEE MEEIF LT E 1
T FE S8 v T A AR, B3 i 1] ¥ 5 0L ] 55K, it
I eI AT LA — 5 MR A E T o B L T Y A7 B
(Y 3 FEA i I e Tk R S 5 e AR ], i W% T
LsmAL Jm B IR AN s A0 o 5 — D T, TSR R i e Y
Hir S AR A R B AR M RO . b mT L, e i)
GEUE R GG MR B 1B [ R R M 2 1 B B AR AR e i
27 P7& SURSEN P SDEIDIREL 73T

Sc5d S 1 H AT R 0 4 R A8 SLAS AL DL , 85 1F
AR P (10 DK - SR A R R[] IR X B s 1) 4 s R P
— AT DL i S I T R . B 5d B, Bk T
ZIa B SRS 1 BRI o X B 1e BRI TRt

Solid fraction/%

(I 2 G0 T A AR PR ARER A AR R 2 . T A 10 Tt [ TR
B3 AT AE bR P T I A A B R TS SRR RS R A
BMERZEN G
3.4 KBS ZMSBHAE LERIT RN
3.4.1 ¥HEEA SR AR R H & TR

B 6 BE R S ik 21350 mmx 1000 mm , £% 2 5 i
WEHEAT TS 2R B, SR IE AL 7 X DAIK B BER , iRl 78 2 Lk
I I i 488 (10 AR 3o 2 40 5 A B A R ~F 1 i AR s,
BT AN P 6 BT 7R R B A3 K A S L IR it 8 s 8 34
T %o MU B8 B [ AR AR, LI o 2 5
FA A AT I e e 2R A , 75 BARAIE R AP I FE , (Rt
B AP T i 0 2 SRR AR A £ PR R . A4 LR Ak 3 R
PV ity THL 20, 5 A3 TR0 0, VE TSGR IR PR T 45 4, HLAse
HLIF R ) s i [ b

N
|
Y

Shrinkage porosity/%

F&l5 A AN R Bt [ [ AH 7 50 S b A £L o3 A1 18
Fig.5 Solid fraction (a—b) and shrinkage porosity (c—d) of casting at different stages: (a) mid-term stage; (b) end of solidification; (c) defects of
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complex titanium alloy casing
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Fig.7 Assembly mold for tool (a—c) and shell-making tool (d) of large-scale and complex titanium alloy casing
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Fig.8 Appearances (a—b) and dimensional inspection results (c—f) of centrifugal casting test piece of large-scale and complex titanium alloy

castings: (a) after cleaning the shell; (b) after blowing sand
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Optimization of Integral Investment Casting Process for Large-Scale and Complex Thick-
Walled Titanium Alloy Castings in Gas Turbines

Ran Xing', Chen Yisi’, Wen Di’, Long Xingquan®, Gao Xiaohui’, He Liangju®, Li Peijie’
(1. AVIC Heavy Machinery Co., Ltd, Guiyang 550005, China)
(2. Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China)
(3. Guizhou Anji Aviation Investment Casting Co., Ltd, Anshun 561000, China)
(4. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Large-scale and complex thick-walled titanium alloy casings produced by investment casting are key components in heavy-duty gas
turbine. Characterized by their large contour size, substantial wall thicknesses, and complex shapes, these castings often face challenges such as
difficult monolithic molding, numerous shrinkage pore and shrinkage cavity defects, and low dimensional accuracy, limiting the assembly and use
of high-power gas turbines. The solidification temperature field and flow field during centrifugal investment casting process were investigated
using the ProCAST software. Results show that the potential isolated liquid phase regions are identified. According to the characteristics of
centrifugal casting, the mathematical models for designing spiral runner and inclined riser are derived. Based on this, an integrated gating system
is developed, which combines exhaust gas and slag collection, flow regulation, and temperature field optimization, thereby significantly reducing
solidification defects in castings. Furthermore, a wax mold splicing scheme is designed, and a wax mold tree for the gating system is constructed,
featuring a straight runner, cross runner, and inner runner with cross-sectional area ratios of 1:2.5:6. Additionally, through the integration of
dimensional calibration and shell reinforcement tooling, high-quality castings with complete filling, good metallurgical quality, and precise
dimensional accuracy are achieved. This work provides effective technical guidance for the manufacturing of titanium alloy casings in heavy-duty
gas turbines, and the gating system configuration offers reference value for other large-scale and complex thick-walled titanium alloy castings.
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