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(a) Model of the bench for the top-coal caving
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Fig.2 Modal vibration mode of the finite element model of the tail
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Tab.1 Location of the primary selection measurement point

5 AR B 275 Number of sensor positions 1 3 4 5 6 7 3
Xof N AR FY S 15 45 Corresponding model node number 73 38 17 81 71 40 15
H F & J7 1] Direction of degree of freedom VA Z VA Z VA z Z

W Z R TEE TR J7 10 . Note: Z-direction is perpendicular to the tail beam plane.
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Fig.3 Simulation bench of the top-coal caving
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Tab.2 Each evaluation index corresponding to the combination of each number of measurement points

M 5805 Number of M 5 2045 7 % Combination

measurement points scheme of measurement points Y S S f2 4
7 1063.73 0.044 908 0.003 490 0.024 199 0.028 859
8 3849.37 0.006 705 0.003 682 0.005 194 0.022 056
! 4 2541.65 0.012 887 0.003 089 0.007 988 0.019 121
5 1 642.07 0.001 826 0.003 921 0.002 873 0.010 066
4.7 1297.80 0.043 193 0.003 513 0.023 353 0.029 038
78 1926.08 0.019 484 0.003 830 0.011 657 0.020 094
> 4.8 2703.28 0.004 759 0.003 496 0.004 128 0.015 969
3.8 1927.64 0.003 833 0.003 793 0.003 813 0.012 257
4.7_8 1 806.66 0.024 545 0.003 759 0.014 152 0.022 066
3.7_8 1286.41 0.013 779 0.003 957 0.008 868 0.014 503
’ 3.4.7 867.82 0.017 440 0.003 707 0.010 574 0.014 375
278 1284.82 0.009 346 0.003 881 0.006 614 0.012 242
3.4.7_8 1356.51 0.016 134 0.003 884 0.010 009 0.015 951
2478 1355.28 0.010 031 0.003 838 0.006 935 0.012 871
! 2378 965.52 0.009 026 0.003 956 0.006 491 0.010 721
1.3.4.8 1361.20 0.004 400 0.003 951 0.004 176 0.010 138
234738 1085.47 0.009 155 0.003 914 0.006 535 0.011 289
1.2.3.4.8 1 089.05 0.004 829 0.003 946 0.004 387 0.009 158
: 3.4.5.7_8 1 086.00 0.004 003 0.004 052 0.004 027 0.008 784
24568 1082.27 0.003 947 0.003 988 0.003 968 0.008 708
2.3.45.738 905.24 0.003 879 0.004 044 0.003 961 0.007 926
1.2.4.56_8 907.15 0.003 841 0.003 997 0.003 919 0.007 892
o 1.2.3.4.6.8 907.59 0.003 609 0.004 024 0.003 817 0.007 792
234568 902.66 0.003 598 0.004 034 0.003 816 0.007 770
1.2.345638 778.13 0.003 653 0.004 033 0.003 843 0.007 251
1.2.3.4.5.7_8 780.20 0.002 699 0.004 097 0.003 398 0.006 815
’ 1.2.456.7_8 779.39 0.001 323 0.003 998 0.002 661 0.006 075
1.3.456.78 780.07 0.001 202 0.004 026 0.002 614 0.006 031
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Tab. 3 Value of the evaluation index corresponding to the optimal scheme in the combination of each number of measurement points

580 Number of U A5 2H 45 e FE )7 % Best combination

measurement points scheme of measurement points S /> 4
1 7 1 063.729 1 063.729 0.024 199 0.028 859
2 4.7 2 595.602 1297.801 0.023 353 0.029 038
3 478 5419.970 1 806.657 0.014 152 0.022 066
4 3478 5426.022 1 356.505 0.010 009 0.015951
5 23478 5427.368 1085.474 0.006 535 0.011 289
6 234578 5431.424 905.237 0.003 961 0.007 926
7 1.2.3.4.5.6_8 5446.901 778.128 0.003 843 0.007 251
5 i 2% 3L ( References)
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Research on optimal arrangement strategy of top coal caving support

sensors based on vibration characteristics of coal and gangue

WANG Yao' YANG Shanguo'>’ WU Mingke' MENG Bin' YANG Zheng' LIU Houguang'>’

(1. School of Mechanical and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China)
(2. Jiangsu Province and Education Ministry Co-sponsored Collaborative Innovation Center of Intelligent Mining Equipment,
Xuzhou 221116, China)

(3. National Key Laboratory of Intelligent Mining Equipment Technology, Xuzhou 221116, China)

Abstract: Aiming at the research on intelligent identification of caving coal and gangue, in order to provide a complete
and effective vibration signal acquisition scheme of coal and gangue, an optimal layout strategy of tail beam sensors of caving
coal hydraulic supports based on vibration characteristics of coal and gangue was proposed. Firstly, the modal analysis of the
tail beam model was carried out, extracting the vibration mode matrix, and the effective independent method was used to
select the measuring points. Secondly, the vibration signals of coal falling and gangue falling at the corresponding primary
measuring points from the tail beam test bench were obtained, and the feature extraction was carried out. Thirdly, the extracted
features were visualized by t-distributed stochastic neighbor embedding (-SNE) dimensionality reduction, and five features
which were sensitive to the distinction between coal and gangue signals were selected as target features. Finally, the
probability density functions of target features were estimated by the kernel density estimation method. The K-L (Kullback-
Leibler) divergence was used to evaluate the approximation between combined signal of each measuring point and the
complete signal and the difference between characteristics of coal and gangue. The evaluation indexes of coal and gangue
vibration signals were constructed. Combined with Fisher information matrix criterion, a comprehensive evaluation index was
formed to determine the optimal scheme of tail beam sensor arrangement. The results show that the sensor arrangement
scheme determined by this method not only reduces the number of sensors on the basis of satisfying modal observability, but
also makes the measured vibration signals have better coal gangue difference and information integrity.

Key words: Top coal caving; Vibration signal; Optimal sensor placement; Hydraulic support tail beam; Effective
independence method; K-L divergence
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