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Abstract: Combining numerical simulation with experimental verification, the causes and control methods of defects
during the directional solidification process of DZ22B alloy turbine blade were investigated. The results show that
the increase in grain growth paths and insufficient temperature gradient ahead of the solid-liquid interface led to
orientation deviation; the concentration of solidification stress and strain at the thin-walled position of the blade resulted
in recrystallization defects and dimensional deviations. Based on these findings, a process optimization scheme was
proposed, including increasing the pouring temperature and furnace heating temperature, adding a sprue neck structure,
and changing the blade arrangement. Experimental verification showed that the optimized process scheme could improve
the grain structure of the blade castings, reduce dimensional deformation, cracking, or recrystallization risks. Finally,
qualified blade castings were produced using this process method.

Key words: Ni-base single crystal superalloy; directionally solidified blade; numerical simulation; process optimization;
DZ22B alloy; solidification defect; turbine blade
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Fig. 1 Original scheme of wax patterns assembly
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Fig. 2 Preprocessing of finite element models
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Fig. 3 Simulation result of grain growth for original process
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Fig. 4 Simulation result of stress distribution for original process
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Fig. 5 Simulation result of strain distribution for original process
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Fig. 7 Optimization scheme for wax patterns assembly
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Fig. 8 Simulation result of grain growth after optimizing process
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Fig. 9 Simulation result of stress field after optimizing process

Total Displacement
[em]

0.033 4
0.0311
0.028 9
0.026 7
0.024 5
0.0222
0.020 0
0.017 8
0.0156
0.013 3
0.0111
0.008 9
0.006 7
0.004 4
0.002 2
0.000 0

10 TZMHERESENER

Fig. 10 Simulation result of strain distribution after optimizing process
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Fig. 11 Morphologies of casting grains after optimizing process
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