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Simulation of the TC18 Titanium Alloy Pump Vacuum
Condensing Shell Casting Process via ProCAST
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Abstract: On the basis of the ProCAST finite element simulation platform, the TC18 titanium alloy pump vacuum
condensing shell casting process was optimized. The difference in rheological properties between the TC18 and TC4
titanium alloys was quantitatively analysed by constructing a Newtonian fluid constitutive model, and the optimal pouring
temperature of TC18 was determined to be 1 770 C. A three-dimensional fluid-solid coupling model of the pump body
was established, and the filling behavior and solidification characteristics of the melt were systematically compared between
the traditional top pouring system and the improved bottom pouring system. The results show that the turbulent flow of
liquid metal (the flow rate decreases by 38.6%) is effectively restrained after the pouring system is optimized, and the
volume fraction of shrinkage porosity is reduced by 74.3%. Moreover, the secondary dendrite spacing is reduced by 21.4%,
and the tensile strength of key parts is increased by 15.5%. The reliability of the simulation results is verified via X-ray
flaw detection and tensile tests.
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Fig.1 Schematic diagram for the casting of the pump body: (a) three-dimensional diagram of the pump body; (b) profile of the pump
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Tab.1 Chemical composition of the casting

(mass fraction/%)

Ti Al Si \Y Cr Zr

Mo Fe C H (6] N

Margin 4.4-5.7 0.15 4.0~5.5 0.5~1.5 <03

4.0~5.5

0.5~1.5 <0.08 <0.015 <0.18 <0.05

[ 2 A 4 J B R e O SR . (a) TC4 TC18 A1 7 B Rk 5 (b) A 4 Ui sl Y
Fig.2 Viscosity characteristics and flow model of the alloy: (a) Newton viscosity characteristics of TC4 and TC18; (b) alloy flow model
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Fig.3 Pump body models of two different pouring systems: (a) traditional design; (b) design optimization
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Tab.2 Casting temperature optimization process design

Solid Liquid Pouring
Alloy type o o AT/C .
phase line/'C  phase line/C temperature/ C
TC4 1536 1 666 130 1700
1700
TC18 1439 1650 211 1770
1840
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& 4 4 e W B Ik AR AL 45 L < (a) TC4-1 700 C; (b) TC18-1 700 C; (c) TC18-1 770 'C; (d) TC18-1 840 C
Fig.4 Simulation results of the metal fluid flow performance: (a) TC4-1 700 C; (b) TC18-1 700 C; (c) TC18-1 770 C;
(d) TC18-1840 C
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Fig.5 Comparison of the filling temperature fields of different pouring systems: (a) 0.6 s; (b) 2.0 s
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Fig.6 Comparison of solidification fields with an 82% solid fraction: (a) traditional pouring system; (b) optimized pouring system

Pl 7 BEE IS R L« (a) R GE 8 TE RS ;(b) LA iE RS

Fig.7 Comparison of solidification time: (a) traditional pouring system; (b) optimized pouring system
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Fig.8 Defect comparison diagram: (a) traditional pouring system; (b) optimized pouring system
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Fig.9 Comparison of the SDAS: (a) traditional pouring system;
(b) optimized pouring system
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Fig.10 Comparison of mechanical properties
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Fig.11 Pump body casting and X flaw detection diagram: (a~c) traditional process; (d~f) optimized process
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