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Abstract; Single-scale shell vibration frequency spectrum cannot reflect grinding mechanism of
ball mill and analyze the composition of shell vibration signal. The empirical mode decomposition
(EMD) based on soft sensor methods in present literature have poor prediction accuracy. Aiming
at these problems, a new multi-scale shell vibration frequency spectrum analysis and modeling
approach based on the partial least squares ( PLS) algorithm was proposed. Firstly, the shell
vibration acceleration signal was decomposed into different time-scale intrinsic mode functions
(IMF) adaptively. Then, multi-scale frequency spectrum was obtained by using fast Fourier
transform to different IMFs. Finally, different scale frequency spectrum was analyzed and selected
by the latent variables contribution of the PLS algorithm. In addition, mill load parameters’ soft
sensor model was constructed by fusing these selected multi-scale frequency spectrum. Simulation
results based on experimental data of the laboratory ball mill validate the effectiveness of the
proposed method.

Key words: multi-scale frequency spectrum; empirical mode decomposition ( EMD ) ; partial
least squares( PLS) algorithm; shell vibration; mill load
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Fig. 1 Multi-scale curves of zero load for shell vibration
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Table 1 The relative coefficient of the IMF spectrum
relative to the original spectrum
IMF MBVR PD CVR
IMF1 0.513 30 -0.140 3 0.469 7
IMF2 0. 642 80 -1.764 1 0.283 7
IME3 0. 446 00 -0.4810 0.234 7
IMF4 0. 605 70 -1.3099 -0. 166 8
IMF5 0.088 15 -0.1836 -0.1833
IMF6 -0.024 85 -1.298 9 -0.117 8
IMF7 -0.102 90 -1.003 2 -0.6729
IMF8 0.491 30 -1.538 8 0.097 2
IMF9 0.974 30 -0.759 1 0.4450
IMF10 0.353 00 -3.960 8 -0.133 4
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Table 2 Soft sensing models’ statistical results of the
mill load parameters
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Fig. 2 Test curves of CVR soft sensing model
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