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Design of vibration sensor for coal gangue identification

CAO Guangiang', YU Rui*, MENG Xiangtao', ZHAO Wensheng', LIU Qing'
(1.Beijing Tianma Electro-hydraulic Control System Company Ltd., Beijing 100013, China;
2. Wangjialing Coal Mine, China Coal Huajin Group Co., Ltd., Hejin 043300, China)

Abstract: At present, there are a variety of coal gangue identification technologies in automatic top coal
mining. Gamma ray is too expensive and harmful to human body. Infrared technology is affected by
ambient temperature. Radar detection has serious signal attenuation when the coal seam is thick. Sound
technology has low cost and small difficulty, but can be severely interfered by external sound signals.
Image technology is effective when the color difference of coal gangue is large, but is affected by dust and
light factors. However, vibration technology not only has the advantages of sound technology but also can
avoid environmental noise interference and obtain a higher detection accuracy. For the properties of top
coal and gangue are different, the vibration signal generated when falling onto the hydraulic support tail
beam also shows different characteristics. Based on this feature, a vibration sensor is designed, which is
installed at the web of the tail beam of the hydraulic support to sense the vibration signal generated by the
top coal or gangue hitting the hydraulic support, and identify the coal and gangue in the coal release

process through signal processing and analysis. The sensor uses an accelerometer to collect the tail beam
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vibration signal, and conducts front-end filtering processing of the collected data. Fourier transform is
applied to analyze the power spectrum of the data so as to obtain the maximum vibration frequency,
amplitude and power spectrum energy per unit time. The laboratory test results show that the sensor
measurement error is within 1% . The underground test results show that most of the signals collected by
the vibration sensor are the vibration signals of coal falling, and the frequency range is 100-200 Hz.
However, the vibration signals of gangue falling is above 200 Hz. Therefore, the differences of the
vibration signal characteristics are useful to identify the top coal and gangue.

Key words: fully mechanized top coal caving mining; coal gangue identification; vibration sensor;

vibration frequency; accelerometer
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Fig. 1 Hardware structure of vibration sensor
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Fig. 2 Download management program flow
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Fig.3 Signal processing flow
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Table 1 Laboratory test results of vibration sensor

A Wl i 451 % / Ho
RN/ Ha
W1k W2k W3R WAk HOK
0 0 0 0 0 0
500 498 498 504 502 504
1 000 1003 994 993 1007 1 000
1500 1 490 1511 1501 1509 1504
2 000 2012 1 994 1995 1999 2 005
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Table 2 Part of the data collected by the vibration sensor

58 B 56 53 48 5 42 53
K OIRE RME R3h SRR R3S REE k3
MW /He b BIR/Hz gl BIR/Hz ki BR/He
56 194 103 0 98 180 1 235
57 448 104 99 99 0 2 236
58 193 105 0 100 161 3 229
59 187 106 145 101 0 4 2
60 187 107 165 102 171 5 0
61 174 108 160 103 159 6 231
62 190 109 0 104 0 7 225
63 0 110 289 105 159 8 434
64 194 111 0 106 145 9 0
65 0 112 157 107 146 10 142
66 187 113 0 108 144 11 0
67 187 114 163 109 332 12 179
68 197 115 0 110 0 13 0
69 0 116 289 111 169 14 201
70 192 117 0 112 162 15 0
71 193 118 96 13 171 16 12
72 189 119 0 114 1 17 0
73 0 120 157 115 174 18 182
74 180 121 155 116 170 19 0
75 179 122 0 117 169 20 190
76 181 123 162 118 0 21 0
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Fig. 5 Vibration sensor field installation
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Fig. 6 Vibration signal frequency of coal-gangue falling
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