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Applicability Research of Ingot Weight-Compatible
(IWC) Design of Large Ingot and Application

Liu Ningning'”, Xu Changjun'?, Lii Yan'?, Hu Hanting'” and Zhang Yan'~
(1 School of Materials and Metallurgy ;2 Metallurgical Engineering Technology Center,
Liaoning University of Science and Technology, Anshan 114051 )

Abstract Based on the Ingot Weight-compatible (IWC) design, three ingot designs [ embedded insulation board
(C) ,assemble ferrule (T) and assemble gasket (D) ]are designed,and the solidification pattern of the 10 ~ 15 1,20 ~
27 1,29 ~35 1,39 ~45 t and 50 ~ 60 t 42CrMo4 steel ingots is predicted by finite element software. It can be seen that with
10 ~ 60 t ingot the liquid core more and more deep into ingot body especially in D design with the increase of compatible
volume. When the compatible volume is less than 10% of the original ingot weight,the solidification time of the three de-
signs is similar,and the difference of the center porosity length is below 69 mm. When the compatible volume is greater than
10% , the solidification time of D ingot decreases compared with two other mode ( C and T ingot) ,and the center porosity
length extends 107 ~232 mm. However, when the compatible volume exceeds 20% , the length of the center porosity of ingot
will of ingot increase more than two times,and the quality of the ingot will worsen obviously, Therefore , when the compatible
volume is less than 10% , T and D mode should be selected. T and C mode are taken into consideration when the compatible
volume is between 109% and 209 . The in-situ commercial application for 42CrMo4 steel 20 ~27 t IWC ingot shows that , the
ultrasonic detection results of ingots have reached [| grade requrement.

Material Index Large Ingot, Ingot Weight-Compatible, Solidification Time, Center Porosity
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Fig. 1 Schematic diagram of IWC designs of insulation board (a) and ferrule (b) and gasket
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Table 1 Chemical composition of 42CrMo4 steel/ %

C Si Mn Cr Mo Ni P S
0.33 0.23 0.8 1.05 0.20 0.03 0.035 0.035
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Table 2  Design parameters of ingot weight-compatible
mode
i) B/t Ei /% HEEE/% B/ %
10 ~15 1.56 ~2.24 3.0-~2.1 11.6
20 ~27 1.62~2,13 4.7-~3.6 13.1
CHEM . THR  29-35 1.54~1.82 4.6~3.9 14.0
39 ~45 1.39~1.59 4.8~4.2 14.7
50 ~60 1.39~1.59 4.9-4.2 16.2
10 ~15 1.56 ~2.36  3.0~1.9 11.6
20 ~27 1.62~2.21 4.7~3.3 13.1
D EER 29 ~35 1.54~1.92 4.6~3.7 14.0
39 ~45 1.39~1.67 4.8~4.0 14.7
50 ~60 1.39~1.66 4.9-~4.0 16.2
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Fig.3 Heat transfer coefficient between ingot and mold (a) and model calculated curve (1) and in-situ measured curve (2) of sur-

face temperature of 42CrMo4 steel 39 t ingot (b)
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