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Influence of Processing Parameters on Shrinkage Cavities in Large-scale K465
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Abstract ;: The origination for shrinkage cavity defects forming in large-scale K465 master alloy ingot was analyzed.
By designing orthogonal experiment, the effect of pouring temperature, pouring rate and mold temperature on the
shrinkage cavity defects in the ingot was simulated to investigate the influence factor of shrinkage cavity defects
forming in K465 master alloy ingot. The results indicate that the grain distribution from outside to inside is fine e-
quiaxed grains, transverse columnar grains and thick equiaxed grains, respectively. When the horizontal solidifica-
tion rate is excessive, the dendrites bridge is easily to occur, and hinder upper liquid phase feeding downward,
which is the main reason for shrinkage cavity defects. According to the numerical simulation, the occurrence of
shrinkage cavity defects is greatly affected by pouring temperature, and insensitive to the pouring rate. The opti-
mal pouring process is pouring temperature of 1 420 C, filling time of 20 s and pre-heating temperature of 700
‘C, where the size of shrinkage cavity defects in the alloy ingot can be significantly reduced.
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Tab.1 Chemical composition of K465 nickel-based superalloy %
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Fig.1 Simulation geometry model of master alloy ingot

of K465 nickel-based superalloy
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Fig.2 Simulation of steady beam flow field for different total

pouring time with gate diameter of 20 mm
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Fig.3 Relationship between thermophysical parameters of K465 alloy and temperatures
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Tab.2 Grouping of L, (3*) orthogonal experiment
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9 1440 30 600
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Fig.4 Longitudinal section morphologies of center shrinkage

cavities in K465 nickel-based superalloy ingot
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Fig.5 EBSD morphologies of different regions from the edge of ingot
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Tab.3 Orthogonal experimental simulation results of pouring

process parameters for K465 nickel-based superalloy

DETE I DETEm B R EEIRES A FLA
B/ C /s B/ C 1/ mm? /%
1400 10 600 1.420.5 63.4
1400 20 650 1327.2 55.7
1 400 30 700 1003.9 45.9
1420 10 700 1.040.1 46.3
1420 20 600 879.3 38.9
1420 30 650 1119.2 44.5
1 440 10 650 1.802.6 68.6
1 440 20 700 1.710.7 66.0
1 440 30 600 2 380.3 94.6
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Tab.4 Integral volume analysis of shrinkage cavity mm®

orpr PRI RE REsEGEEE SURRESTAE

ME 1 3 751.6 4 263.2 4 680.1
B 2 3 038.6 3917.2 4 249.0
ME 3 5 893.6 4 503.4 3 754.7
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Yl 2 1012.9 1305.7 1416.3
Y 3 1 964.5 1501.1 1251.6
R 1 964.5 1501.1 1 560.0
Fe/ME 1012.9 1 305.7 1251.6
W% R 951.6 195.4 308.4
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Tab.5 Maximum probability analysis of shrinkage cavity %
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Tab.6 Comprehensive shrinkage analysis mm*
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Fig.6 Influence of process parameters on comprehensive

shrinkage
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Fig.7 Influence of pouring parameters on shrinkage rate
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Fig.8 Comparison of numerical simulation and experimental
results before and after optimization of pouring process

parameters
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