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Abstract: As a key critical component of aerospace vehicles, high-temperature titanium alloy fuel tank frames have
complex structures and significant variations in wall thickness, and this structural characteristic makes their fabrication via
the precision casting process highly advantageous. To address the issue of the poor castability of ZTi55 high-temperature
titanium alloys, the casting process was determined through a casting simulation conducted on the cylindrical structure of
the fuel tank frame, and the relationship between the casting structure and the simulated temperature field was analysed.
Furthermore, combined with the results of the casting dissection, the corresponding relationships between the simulated
temperature field at different positions of the casting and the grain size were also analysed. The simulation results reveal
significant correlations between the cooling and solidification characteristics and the grain size at different positions during
casting. Specifically, the curved thin-walled structure of the casting that is filled last undergoes cooling and solidification
first and results in the finest grain size, at approximately 305 wm, whereas the thick-walled section filled first has the
slowest cooling rate and features the coarsest grain size, exceeding 900 wm. Additionally, the wall thickness of the casting
is significantly correlated with its solidification characteristics and grain size, where the greater the wall thickness is, the
longer the solidification time required for the casting, the lower the cooling rate, and the coarser the grain size that
ultimately forms.
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Fig.1 Analysis of the casting model and design of the gating system: (a~c) 3D models of the cylindrical structure for the oil tank
framework; (d~f) models of the bottom-pour gravity gating system
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2 :(2)2.5s;(b)3s;(c)3.5s;(d)3.6;(e)3.8s;(H) 4 s
Fig.2 Pouring and mold filling process: (a) 2.5 s; (b) 3 s; (¢) 3.5 s; (d) 3.6 s; (¢) 3.8 s; () 4 s

3 :(2)9s;(b) 17 s;(c) 24 s; (d) 43 s; () 146 s; (f) 274 s
Fig.3 Distribution diagrams of the solidification fraction during the pouring process: (a) 9 s; (b) 17 s; (c) 24 s; (d) 43 s; (e) 146 's;
(f)274s
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Fig.4 Temperature distribution diagrams of the castings during the solidification process: (a) 9 s; (b) 43 s; (¢) 70 s; (d) 90 's; (e) 136's;
(f) 254 's; (g) 543 s; (h) 1 165s; (i) 1 442 s
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Fig.5 Finished cylindrical structural casting of the oil tank 08 s
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6 A :(a~c) OM
Fig.6 Microstructures at different positions of the cylinder wall in area A: (a~c) OM images

7 A :(a~c) ;(d, e)
Fig.7 Microstructures at different positions of the curved surface in area A: (a~c) middle part of the thin wall on the curved surface;
(d, e) thick wall at the edge of the curved surface

8 B :(a~c) OM
Fig.8 Microstructures at different positions of the cylinder body in area B: (a~c) OM images
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Fig.9 Microstructures at different positions in area C: (a~c) different positions far from the gate; (d~f) positions connected to the gate
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