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Abstract: Thin-wall frame titanium alloy castings are complex structural parts in the field of casting and are widely used in
important parts of high-end equipment in the aviation and aerospace fields. There are widespread assembly requirements, and
strict tolerances in terms of size, shape and position are needed. Owing to the complex structure, thin wall and uneven
thickness of frame castings, shrinkage holes, deformation and other defects easily form during the casting process. Therefore,
when determining the casting process, it is necessary to consider various factors and evaluate the feasibility of the process
through casting simulation software. In this work, to address the issues of the large volume, large thickness ratio and complex
structure of thin-walled frames, which are prone to casting defects such as shrinkage and porosity, thermal cracking and
deformation during casting, two casting system schemes, namely, the top casting type and bottom casting type, were designed,
and ProCAST simulation software was used to simulate the thermal field and stress field during the solidification process of
two kinds of casting mold filling. The total shrinkage rate, residual stress and residual deformation of the frame parts in the
casting solidification process were analysed, and the feasibility of the bottom filling pattern scheme was determined. A
comparative analysis of the simulation results reveals that the titanium alloy frame produced by bottom casting is more stable
than that produced by top casting, the total shrinkage rate is lower, and the effective stress between the rib plate and the wall
plate of the casting body is significantly lower. The total deformation is reduced to less than 0.5 mm, and the deformation is
mainly concentrated in the riser and the plane where the riser is located. The test results show that the process can effectively

solve the problem of hot shrinkage holes in casting, and the forming quality, metallurgical quality and size control of the
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casting can achieve the expected effects. Moreover, computer casting simulation technology can effectively guide the actual

casting process, shorten the trial production cycle, reduce the production cost, and provide a reference for high-quality near-net

investment casting of thin-wall frame titanium alloy castings.
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Tab.1 Chemical composition of ZTC4
(mass fraction/%)

Rests
Ti Al \% Si Fe C H

Single Sum

Bal. 5.5~6.8 3.5~4.5 0.15 0.3 0.1 0.015 0.05 02 0.1 04
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Fig.1 3D model of the casting

S ER B CTHE B ARG P9 &6 T i
HAHE TRl AR L R
1.2 RFRSIEIT

TR I 2% I HE TUBRER & 5508 A AE REJE AR
TN 2 AR, R RGN T EARIE 4R W
TEG AT e i it 8, (A 1% 5 7R
HEAT | S TR AL ik 3R R BORL N ) R AR AR
P PR S5 R e i B DA o BT T T IR R R G
e 2 i, HepE 2a HIFEEE SR, ERS
A LR 1.00:1.25:1.75, HARF s & 2504 fa £ AL s 5
FFE U, A F T 1 0 S A 1 i 0 e 1 5 18] 2b
IRV R G, U R 1.00:1.25:2.20, HoA4F 5
EFRPERR A A THER, R SEE A R iy
BEIE LR T R RSB MR R 3 AR TR A ) 3
CLEAT I RAS K] 43, PR R VR R e BB AR T
¥ 3 mm, B R E 10 mm,

2 HEEYUEDH

21 BWAREHEE

ProCAST #4807 B 1Y 3 5 S5 A1 S 00 Id 45 R
7 R P 12 il 11 26 B4 ) COINC, B I 4 34 28 %
1000 W/(m?-K), HeiF 2 A1l Gravity Filling . 5
FEIRLEE N 1750 °C, RUSEHI AR IELEE D 25 °C 58 1 I 1]
3s, RIFEAEAH CBSMS-M(Chemically Bonded Shell
Molding Sand-Mold), ¥ /1 ¥ 78 i% & 1 4 {4 4 Lin-
ear-Elastic, %152 4 Rigid.
22 FEGEESH

PR 58 1 AR G0 1) R R e AR AL 1K) 3 F0 4
IR L 3 R T A R B 2 78 A e AR AR AL Y



SRl ESpRI ]

CHIER A N10/2024

ook, EEBEERAKS EHHBEHFEHEEMRRIE =927

B2 Pl RS (a) T 5 (b) IR X
Fig.2 Gating system: (a) top gating system; (b) bottom gating system
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Fig.3 Results of top filling: (a) t=0.6 s; (b) t=1.02 s; (c) t=1.78 s
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Fig.4 Results of bottom filling: (a) i=1.68 s; (b) 1=2.17 s; (c) 1=2.81
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Fig.5 Solidification time and distribution of shrinkage porosity of castings processed with different gating systems: (a, b) top gating
system; (c, d) bottom gating system
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Fig.6 Effective stress of castings processed with different gating systems: (a) top gating system; (b) bottom gating system
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Fig.7 Displacement of castings processed with different gating systems: (a) top gating system; (b) bottom gating system
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Fig.8 Castings processed with different gating systems: (a) top gating system; (b) bottom gating system
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Tab.2 X testing shrinkage hole defect statistics

The pouring system

Number of shrinkage holes

Location of distribution

Top pouring type >5 places

Bottom pouring type 1 place

Floor angle, floor and rib joint, boss

The hot joint where the outer wall meets the tendon
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Fig.9 Location of defects identified via X-ray detection after hot isostatic pressing
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