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Prediction of LF Refining Endpoint Temperature
Based on PCA-BP Neural Network

Su Chunyang', Chen Jun®, Jiang Yaqing’
(1 Jingjiang Special Steel Co.,Ltd., Jingjiang 214500, China;2 Institute of Technology,
Daye Special Steel Co., Ltd., Huangshi 435001, China)

Abstract: In order to improve the end point temperature control level of molten steel in LF refining, a combined method
based on principal component analysis ( PCA ) and BP neural network was proposed to predict the end-point temperature
of molten steel in LF ladle furnace. Based on the metallurgical theory and practical production practices, 10 factors that
have significant influence on the endpoint temperature of 42CrMo steel production process were selected as the index sys-
tem of the prediction model. Then the data were processed by principle component analysis, and seven principal compo-
nent variables were obtained. The cumulative variance contribution rate was 87.24 % , and the correlation between the
data was eliminated. Based on this, a prediction model of end point temperature of LF furnace based on PCA-BP neural
network was established. When the prediction error of the model is within + 25 °C, the hit rate of the model is 98. 71 %.
The model has good recognition ability and can achieve the purpose of predicting the end point temperature of LF furnace
production process.
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Table 1 Chemical composition range of 42CrMo steel %
C Si Mn P S Cr Ni Cu Mo
0.38 ~0.45 0.17 ~0.37 0.50 ~ 0.80 <0.03 <0.03 0.90 ~ 1.20 <0.30 <0.20 0.15~0.25
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Fig. 1 Schematic diagram of 42CrMo steel production process
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Fig. 2 42CrMo steel alloying process diagram
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Fig. 3 Flow chart of principal component analysis
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Fig. 4 Sketch diagram of BP neural network structure
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Table 2 Influencing factors and data distribution of end—
point temperature of LF refining molten steel
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Fig. 5 Scree graph of principal component analysis
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Table 3 Correlation analysis of process variables

R R A B C D E F G H I ]

A 1.000 0.235 -0.131 -0.038 0.073 0.014 0.370 0.016 0.114 0.066

B 0.235 1.000 -0.128 0.271 0.246 0.081 0.649 0.032 0.161 0.180

C -0.131 -0.128 1.000 0.510 -0.207 -0.002 -0.365 -0.096 -0.060 -0.023

D -0.038 0.271 0.510 1.000 0.216 -0.005 0.005 -0.041 0.008 0.138

E 0.073 0.246 -0.207 0.216 1.000 -0.018 0.279 -0.096 0.007 0.032

F 0.014 0.081 -0.002 -0.005 -0.018 1.000 0.103 0.090 0.026 0.109

G 0.370 0.649 -0.365 0.005 0.279 0.103 1.000 0.065 0.235 0.143

H 0.016 0.032 -0.096 -0.041 -0.096 0.090 0.065 1.000 0.053 0.058

I 0.114 0.161 -0.060 0.008 0.007 0.026 0.235 0.053 1.000 0.206

J 0.066 0.180 -0.023 0.138 0.032 0.109 0.143 0.058 0.206 1.000
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Table 4 The characteristic vector, characteristic root and cumulative variance contribution rate of principal components

TF Fr1 Fsr2 F5r3 TS 4 FISr S5 FSr6 FHr7

B B B R] /min 1.795 -0.060 -0.067 0.041 0.116 -0.030 0.107
KGRI E] /min 1.599 0.219 -0.064 0.098 0.141 0.036 0.100

P HL 15 min JEE/C 1.774 0.718 -0.052 0.081 0.094 0.147 0.019
W—FER -0.906 0.589 0.136 -0.080 0.269 -0.125 0.082
—FEHFE/AWh 0.916 0.139 -0.489 0.250 -0.375 0.222 0.011
A A 0.328 0.021 0.418 0.633 -0.159 -0.562 0.198

M FE/AWh 0.786 0.025 0.368 0.565 -0.214 0.045 0.598
A kg 1.044 -0.086 -0.029 -0.236 0.577 -0.352 -0.341
AR kg 0.221 -0.142 0.482 0.329 0.347 0.685 -0.019
FRRL T kg 0.691 0.193 0.434 -0.187 -0.468 0.026 -0.677
FRIEAR 2.694 1.596 1.395 1.029 0.899 0.844 0.763

7 2 TRk ER % 23.049 15.930 12.309 9.979 9.276 9.003 7.697
BT vk % 23.049 38.980 51.289 61.269 70.544 79.547 87.244
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Table 5 Training parameters of PCA-BP neural network
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Fig. 6 Comparison between the predicted value and the actual
value of LF end—point temperature by PCA-BP neural network
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