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Effect of cooling rate on structure and tensile strength of
centrifugally cast TC4 alloy in ceramic-shell mold
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(1. School of Materials Science and Technology, Harbin Institute of Technology, Harbin 150001, China;
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Both the experimental analyses and computer simulation were conducted to determine the statistical
relationship between the structures and mechanical properties of centrifugally cast TC4 alloy in ceramic-shell mould. The
results show that, when the cast modulus (M) is smaller, the modulus has significant influence on the cooling rate. But
with increasing modulus, the influence of modulus on the cooling rate is weakened while M is larger than 7.00 mm. The
grain size, a/ff lamellar thickness and secondary dendrite arm spacing all increase with increasing the casting module or
decreasing the cooling rate, while the tensile strength varies in an opposite changing manner. The regression functions for
the corresponding relationships are given according to the present investigations.
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Fig.1 Shape and dimensions of tensile experiment sample

(mm)



20 4 TC4 669

W
\\5‘\: I o f:',.: \

2 TC4
Fig.2 Typical grain ((a), (b)) and lamellar ((c), (d)) structures of centrifugally cast TC4 samples with different moduli (M): (a), (c)
M=24.50 mm; (b), (d) M=3.00 mm

3
Fig.3 Dendrite morphologies of shrinkage cavity and micropore in TC4 samples with different moduli: (a) M=26.00 mm;
(b) M=7.20 mm
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Table 2 Measured and analytical data of mechanical properties of centrifugally cast TC4 alloy with different moduli
Sample Modulus/ Grain Solidification Secondary dendrite Lamellar Phase transfer Tensile

No. mm size/mm cooling rate/( -s™') arm spacing/mm  thickness/um  cooling rate/( -s”')  strength/MPa
1 24.50 3.02 0.66 32.33 3.66 0.74 906.30
2 26.00 3.40 0.34 34.98 4.39 0.57 -
3 25.50 3.17 0.35 33.42 3.87 0.56 901.45
4 7.20 2.02 0.56 30.56 3.24 0.82 908.68
5 391 1.56 1.04 - 2.568 1.49 -
6 0.50 0.27 5.07 19.57 1.09 6.90 933.70
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Table 3 Physical property parameters of TC4 alloy used in AnyCasting simulation!'"
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Fig.6 Relationships between structure, tensile strength and modulus of centrifugally cast TC4 alloy: (a) Grain size; (b) Secondary

dendrite arm spacing; (c) o/f lamellar thickness; (d) Tensile strength
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Fig.7 Relationships between structure, tensile strength and calculated cooling rate of centrifugally cast TC4 alloy: (a) Grain size; (b)

Secondary dendrite arm spacing; (c) a/f lamellar thickness; (d) Tensile strength
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