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Fig. 1 Three-dimensional model of blade castings pouring system
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Table 1 Thermal parameters of TiAl alloy and yttria mold

- W prs e WA HE X [A] R EE AL SR EL
/(kg-m?®) /(W -m*-K") [ (k]-kg'-K") /(kJ-kg") /C / (Pa-s) /(W -m?-K")
TiAIG 4 3450~3 872 15~28 0.61~0.78 400 1468~1523  (4.2~5.4) x10° 1500
YitriaZil5E 4200 2.1~2.4 0.7~1.0 — — — —
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Fig. 2 Partial view of pouring system with different centrifugal radius
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Fig. 3 Filling temperature field of blade casting with different centrifugal radius
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Fig. 4 Partial view of pouring system with different angles between blade length direction and horizontal direction
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Fig. 5 Filling temperature field of blade casting with different angles between blade length direction and horizontal direction
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Fig. 6 Partial view of pouring system with different angles between blade chord width direction and centrifugal force direction
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Fig. 7 Filling temperature field of blade casting with different angles between blade chord width direction and centrifugal force direction
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Fig. 8 Filling temperature of blade casting by gravity casting and
centrifugal casting with the same pouring system
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Fig. 9 Casted blade module and blade casting
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Effect of Pouring System on TiAl Alloy Blade Forming by Centrifugal
Casting

HU Hai-tao"*®, ZUO Jia-bin"*°, HUANG Dong"?*°, DING Xian—fei"?*°®, NAN Hai"*®

(1. Cast Titanium Alloy R & D Center, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. Beijing Engineering
Research Center of Advanced Titanium Alloy Precision Forming Technology, Beijing 100095, China; 3. BAIMTEC Material Co.,
Ltd., Beijing 100094, China)

Abstract:

Numerical simulation was used to study the influence of pouring system on TiAl alloy blade forming by
centrifugal casting. The forming of TiAl alloy blade with different centrifugal radius, angles between blade
length direction and horizontal direction, angles between blade chord width direction and centrifugal force
direction were analyzed according to melt filling characteristics and filling temperature. The results indicated
that under the condition that the angle between blade chord width direction and centrifugal force direction
was 90°, the first melt filled the inlet edge of the blade, and the subsequent melt filled the exhaust edge and
merged with the first melt to complete the blade filling. When the centrifugal radius increased from 100 mm
to 200 mm, the melt turbulence tendence increased, and the temperature at which the melt was filled to the
exhaust edge near the blade crown increased from 1 533 °C to 1 545 °C . When the angle between blade length
direction and horizontal direction increased from 30° to 60°, the melt turbulence tendence decreased, and the
temperature at which the melt was filled to the exhaust edge near the blade crown decreased from 1 543 °C
to 1 537 °C . When the angle between blade chord width direction and centrifugal force direction increased
from 30° to 90°, the first melt transited from filling the exhaust edge to the inlet edge, from no confluence
to confluence, and then completed the blade filling. The turbulence tendence of the melt increased, and the
temperature at which the melt was filled to the exhaust edge near the blade crown increased from 1 533 °C
to 1 542 °C . A centrifugal casting test of TiAl alloy blades was carried out using a pouring system with the
centrifugal radius of 150mm, the angle between blade length direction and horizontal direction of 45°, and the
angle between blade chord width direction and centrifugal force direction of 30°. The blades were completely
formed without underfilling or cold, thus verifying the feasibility of the process scheme obtained by the
numerical simulation study.

Key words:
TiAl alloy; blade; centrifugal casting; pouring system; numerical simulation
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