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Fig. 1 Thermal properties of the Ti-46Al alloy
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Fig. 3 Factors influencing the quality of the vertical centrifugal castings
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Table 1 Parameters and levels of the centrifugal casting

process
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R RO BEHIRE DREMUE HUHA
A/ (remin™) B/C  C/(mm-s") REEDIC
1 200 1580 100 20
2 400 1620 150 150
3 600 1660 200 300
4 800 1700 250 500
5 1000 1740 300 700
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Table 2 Nucleation parameters for the Ti-46Al alloy
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10 5 1.5 x 10° 15 10 1.5 x 10°
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Table 3 Orthogonal experimental combinations table

T2BH
WA B0 WRIEIRE O DREEEE B
Al (r-min™) B/C C/ (mm-s*) {REED/IC
1 200 1580 100 20
2 200 1620 150 150
3 200 1660 200 300
4 200 1700 250 500
5 200 1740 300 700
6 400 1580 150 300
7 400 1620 200 500
8 400 1660 250 700
9 400 1700 300 20
10 400 1740 100 150
11 600 1580 200 700
12 600 1620 250 20
13 600 1660 300 150
14 600 1700 100 300
15 600 1740 150 500
16 800 1580 250 150
17 800 1620 300 300
18 800 1660 100 500
19 800 1700 150 700
20 800 1740 200 20
21 1000 1580 300 500
22 1000 1620 100 700
23 1000 1660 150 20
24 1000 1700 200 150
25 1000 1740 250 300
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Fig. 4 Changes in the temperature field of the castings

(a) 12.0%

(b) 27.4%

(c)51.1% (d) 87.9%
De—
(c) 50.1% (d) 89.1%

E5 HHEEERERL
Fig. 5 Changes in the solid fraction of the castings
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Table 4 Orthogonal experiment results and S/N ratios

Y e = A B c D A2 RS fum SIN 4HFLR 1% SIN
1 1 1 1 1 641.11 -56.138 7 4.356 14 -12.7820
2 1 2 2 2 727.44 -57.2359 4.166 34 -12.3951
3 1 3 3 3 849.49 -58.583 2 2.613 16 -8.3433
4 1 4 4 4 936.83 -59.433 2 3.02113 -9.603 4
5 1 5 5 5 954.05 -59.591 4 3.37259 -10.559 3
6 2 1 2 3 690.42 -56.782 3 3.466 31 -10.797 4
7 2 2 3 4 829.110 -58.3721 358713 -11.0950
8 2 3 4 5 873.62 -58.826 5 2.940 28 -9.367 8
9 2 4 5 1 937.76 -59.441 8 3.27384 -10.301 1
10 2 5 1 2 757.70 -57.589 9 3.867 07 -11.7476
11 3 1 3 5 779.56 -57.8370 3.101 50 -9.8314
12 3 2 4 1 807.12 -58.138 8 2.579 25 -8.2299
13 3 3 5 2 897.57 -59.061 4 2.647 11 -8.455 4
14 3 4 1 3 714.37 -57.0785 3.42313 -10.688 5
15 3 5 2 4 775.31 -57.7895 3.024 58 -9.6133
16 4 1 4 2 694.96 -56.839 1 2.75159 -8.7917
17 4 2 5 3 789.54 -57.947 4 2.514 08 -8.007 6
18 4 3 1 4 698.56 -56.884 1 3.841 16 ~11.689 2
19 4 4 2 5 865.16 -58.7419 4.166 34 -12.395 1
20 4 5 3 1 921.25 -59.287 6 2.428 77 -7.7077
21 5 1 5 4 786.06 -57.909 1 3.593 64 -11.1107
22 5 2 1 5 700.60 -56.909 4 3.816 77 -11.6339
23 5 3 2 1 656.11 -56.339 5 4.598 90 -13.2531
24 5 4 3 2 854.96 -58.638 9 2.542 06 -8.1037
25 5 5 4 3 967.45 -59.712 6 3.949 68 -11.9312
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Table 5 Mean response table for S/N ratios of the mean

FHYRI &N, BEXTRERNRES, RUMNERE
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HERKHSEFYRNRTIEX, REBEMNL 580 C
FEE 1740 CH, BRERNERK, HREEKE
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EMR, RNRERS, RHANL, RSHEENE

+R6  FILERBMBRILHHENM R

grain size Table 6 Mean response table for S/N ratios of the porosity

K- A B C D IKT- A B C D

1 -58.1965 -57.1012  -56.9201 -57.8693 1 -10.7366 -10.6626  -11.7083  -10.4548

2 -58.2025 -57.7207  -57.3778 -57.8731 2 -106618 -10.2723  -11.6908 -9.8987

3 -57.9810 -57.9389  -585437 -58.0208 3 -9.3637  -10.2218 -9.016 2 -9.953 6

4 -57.9400 -586669  -58.5900 -58.0776 4 -9.7183  -10.2184 95848  -10.6223

5 -57.9019 -587942  -587902 -58.3812 5 -11.2065 -10.3118 -9.6868  -10.7575
RE 0.300 6 1.6930 1.8701 05120 PR 1.8428 0.444 3 2.6920 0.858 8
£ 4 2 1 3 SER 2 4 1 3
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Fig. 9 Schematic diagram of the vacuum centrifugal casting process device and physical picture
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Optimization of Centrifugally Casting Process Parameters for
Microstructure Control in TiAl Alloy Ring Parts by Taguchi Method

SU Cong-cong', HUANG Gang', DANG Qian', WANG Ye? LIU Guo-huai'

(1. The State Key Laboratory of Rolling Technology and Continuous Rolling Automation, Northeastern University, Shenyang 110819,
Liaoning, China; 2. School of Material Science and Chemical Engineering, Harbin University of Science and Technology, Harbin 150008,
Heilongjiang, China)

Abstract:

In order to obtain the influence of centrifugal speed, pouring temperature, pouring speed, and mold preheating
temperature on the solidification microstructure of TiAl alloy ring castings during centrifugal casting, the
centrifugal casting process parameters were optimized by numerical simulation and Taguchi method, and the
signal-to-noise ratio results of grain size and shrinkage porosity were used as indicators to measure the quality
of castings. The experimental results showed that the influencing factors of each process parameter on grain
sizewere, in decreasing order, pouring speed, pouring temperature, centrifugal speed, and mold preheating
temperature. The influence factors of the process parameters on the shrinkage porosity were pouring speed,
centrifugal speed, pouring temperature, and mold preheating temperature, respectivly. With maximum grain
refinement and minimum shrinkage as the optimization objectives, the optimal process parameters were
centrifugal speed of 600 r/min, pouring temperature of 1 620 °C , pouring speed of 200 mm/s, and mold shell
preheating temperature of 150 °C. . The experimental results showed that using these process parameters produced
high-quality TiAl alloy castings with fine grains size and a dense microstructure.

Key words:
centrifugal casting; TiAl alloy; Taguchi method; solidification microstructure; average grain size; shrinkage

porosity
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