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Abstract: Electron beam melting has become a key technology for the preparation of superalloy ingots, and its
solidification structure directly affects the casting quality as well as the performance of subsequent billet forging. It is
practical and important to carry out a systematic and detailed analysis of the structure formation during the solidification of
the ingot. Considering the high cost and difficulty of experimental research, a mathematical model of the filling and
solidification process of superalloy preparation was established via ProCAST software to predict the evolution of the
temperature field, flow field, and solidification structure during the layer-by-layer filling and solidification process
under the conditions of electron beam melting. This paper simulated the temperature field, flow field, and
solidification microstructure of a casting superalloy ingot with a diameter of 220 mm under different pouring speeds (0.5,
1.0, 1.5, 2.0, and 4.0 kg/s). It then explored the change rules of the temperature field, flow velocity, and solidification

structure in relation to the pouring speed. The results show that during the layer casting process of nickel-based superalloy
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ingots, the temperature at the top of the ingot is high, whereas the temperature at the bottom is low, which results in

sequential solidification from the bottom to the top. As the pouring speed increases, the temperature gradient increases

significantly, and the influence of the upper layer alloy melt on the temperature change in the lower layer alloy decreases;

that is, the temperature rise decreases. In the center region, heat accumulation is more significant, which may lead to

greater thermal stresses and defects inside the ingot. Changes in the pouring speed have a greater influence on the

maximum speed of melt flow and melt level fluctuations. With increasing pouring speed, the fluid velocity change at the

monitoring points clearly fluctuates, especially in the area near the pouring inlet. The greater the pouring speed is, the

greater the impact depth of the alloy liquid. The pouring speed significantly affects the grain growth behavior and

orientation distribution during solidification. A lower pouring speed is conducive to the formation of columnar crystals with

larger grain sizes and more ordered orientations, whereas a higher pouring speed promotes grain refinement of the center

region and more disordered grain orientations.
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Tab.1 Chemical composition of the GH4068 superalloy

(mass fraction/% )

Element Ni Cr Co

w Mo Al+Ti C+Zr+B

Composition Bal. 13~15 20~26

1.1~1.3 2.4~2.8 7.72~8.40 0.04~0.11

https://www. cnk1. net



Hh ] % Y

20 - FOUNDRY TECHNOLOGY

Vol.46 No.01
Jan.2025

PR o IR 4 P B LR R B A
Fig.1 Schematic diagram of the experimental setup for the
preparation of superalloy ingots by electron beam layer casting
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Fig.2 Experimental process for electron beam layer casting
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Tab.2 Main process parameters of layer—by-layer casting for the superalloy used in the simulation

Serial Pouring temperature/ 'C Mass flow rate/(kg-s™) Single pouring mass/kg Casting interval/min ~ Number of layer casting
1 1688 1.0 30 0 1
2 1688 0.5 10 5 3
3 1 688 1.0 10 5 3
4 1688 1.5 10 5 3
5 1 688 2.0 10 5 3
6 1 688 4.0 10 5 3
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Tab.3 Parameters for simulating the solidification
structure of superalloy ingots

Parameter Value
Liquidus temperature/ C 1353
Solidus temperature/ C 1309
Gibbs-Thompson coefficient 2x107
AT /K 5
AT, /K 1
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Fig.5 Distributions of the temperature field and solid fraction of a 30 kg superalloy ingot prepared via once casting: (a) temperature
field; (b) solid fraction
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Fig.6 Temperature field, fluid velocity and solidification structure distribution of the Y OZ section during the casting process:
(a) temperature field; (b) fluid velocity; (c) solidification structure
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Fig.7 Distributions of the temperature field and solid fraction of the ingot during the layer casting process: (a) temperature field;
(b) solid fraction
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