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Prediction of shell vibration of coal mill lower frame body based on modal
analysis and PCA-WOA-RF
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Abstract: In order to investigate the complex nonlinear mapping relationship between the shell vibration of the lower frame body of
the coal mill and other operating parameters, and to improve the accuracy of the prediction of the shell vibration of the lower frame
body of the coal mill, a prediction method of the shell vibration of the lower frame body of the coal mill based on the PCA-WOA-
RF model was proposed. Modal analysis was carried out on the lower frame body of the coal mill to verify the standard value of shell
vibration of the lower frame body, correlation analysis was conducted on the working data of the coal mill using Spearman
correlation coefficient method and principal component analysis ( PCA) method and principal components were extracted. Random
forests (RF) were used as the basis of the structure of the prediction model, and the hyperparameters of the model were optimised
using whale optimisation algorithm (WOA). The coal mill working data of Guoneng Changyuan Wuhan Qingshan Thermal power
Co., Ltd. was used as an example for validation, and the accuracy was compared with PCA-BP, PCA-SVM and PCA-RF models.
The results showed that the primary air flow, tie rod strain, coal mill motor shaft vibration, mid-frame body shell vibration, coal
volume and primary air inlet and outlet differential pressure were significantly correlated with the lower frame body shell vibration of

the coal mill, the variance contribution of the two principal components extracted by principal component analysis was 94.569% ,
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and the proposed PCA-WOA-RF model had the smallest average prediction error, and the prediction accuracy reached 97.80%. The

model further improved the prediction accuracy of the shell vibration of the lower frame body of the coal mill.

Keywords: coal mill; lower frame shell vibration; principal component analysis; Random Forest; whale optimization algorithm
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Fig.1 Coal mill 3D model
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Fig.2 Coal mill lower frame body 3D model
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Table 1 Number of grids calculated for 5 grid sizes

5 4% 5/ mm R s HC
1 60 28 324
2 50 40 169
3 40 63 587
4 30 115 212
5 20 305 044
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Fig.3 Grid invalidation validation results
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Fig.5 Results of modal analysis of coal mill lower frame body
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Fig.6 Maximum deformation corresponding
to shell vibration of the lower frame
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Fig.7 Schematic diagram of the PCA-WOA-RF model flow
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Fig.8 Heat map of the correlation coefficients of
the operating parameters of the coal mill
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affecting shell vibration of coal mill lower frame body

EWGr RIEE JrETTikR/ % R TTRR/ %
F, 5.718 81.681 81.681
F, 0.902 12.888 94.569
F, 0.195 2.789 97.357
F, 0.103 1.465 98.823
F; 0.043 0.611 99.434
F, 0.027 0.387 99.820
F, 0.013 0.180 100.000

FRAEAE B9 /N R BT 5k 36 S ke T 4R B R
SriE M PRI R T STERR KT 85% T 2 4~ F
W F, F,, MR 3 SBURET 2 4~ F s+
PR L2 4, BN FE RS R R T B 2 R X 4%
2 (B RE T, i RHE AR T 1| R Hofi B h
R 10 B 2 PR 2 B ML T AR AR ST IR 17 5 ) o
PEREA

F4 ERIH TR
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