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Electromagnetic appearing characteristics of damage properties of coal
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Abstract: The electromagnetic technology is an important means for predicting coal or rock dynamic disasters. The relationship
between characteristic of electromagnetic signals and degree of damage is the premise of accurate prediction. Through coal
SHPB experiments and transient electromagnetic monitoring, the characteristics of electromagnetic signals (0~3 kHz) of coal
are analyzed in the process of rupture. The damage properties are analyzed from the degree of crushing and rupture energy.
Then the relationship between the characteristics of electromagnetic signals (amplitude, energy) and the properties of coal
damage is studied. The results show that the laws of fractal dimension and eventual rupture degree are similar. The fractal
dimension can be used to quantitatively evaluate the extent of fracture specimens. The electromagnetic signals have transient
pulse characteristics, and last only a few microseconds. The amplitude and energy of signals increase with the fragmentation
degree. They exhibit a good linear relationship. The characteristics of electromagnetic signals can be used to monitor the
damage degree of coal. Owing to the presence of the defects of inherent uncertainty coal materials and the resonance damage
phenomenon, the correlation between damage degree and rupture energy is weak. The research results are important to the
evaluation of the damage degree and to the prediction of dynamic disasters of coal or rock by use of the characteristics of
electromagnetic signals.
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Fig. 1 Sketch diagram of experimental apparatus system
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Fig. 3 Receiving antenna of coal-rock transient magnetic
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Fig. 4 Broken images of specimens
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Fig. 5 Stress waveforms
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Table 1 Impact energies of specimens
U RS P VR &S NI S E I fE FERLRE  REREEE
G5 /(mmxmm) /(ms™) /s /7 /1 /1 /1 /(J-em”)
Al b 50%50 4.174 75.20 64.94 61.45 0.57 2.92 0.03
A2 b 50%50 4.534 74.56 79.33 60.06 4.88 14.39 0.15
A3 b 50%50 6.709 115.13 175.91 150.18 2.18 23.55 0.24
A4 b 50%50 6.913 115.46 184.78 149.36 3.03 32.39 0.33
AS b 50%50 8.714 131.02 223.70 185.65 9.61 28.44 0.29
A6 b 50%50 9.004 138.84 224.60 192.84 12.49 19.27 0.20
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Table 2 Fractal dimensions of specimens after being broken

i s FEIL TR

e gy AT TR

pae 3 AT N
HE Ol ARRE BRRES g,;?;g{ i‘g;ﬁ WE e JUEN SRR ngi Zf(
J(m's"y  /mm /g /% g - Jmsy /mm  Fik/g /% i’ -
10.0 41.18 27.364 10 12.34 8.051
5.0 21.33 14.174 5 7.92 5.167
2.0 10.41 6.917 2 3.79 2.473
4.174 10 401 2665 1.94 0.98 4.534 ) 110 0718 1.80 0.95
0.5 3.03 2.013 0.5 0.83 0.542
0.2 1.48 0.984 0.2 0.37 0.241
10.0 113.07 85.124 10 155.27 100.000
5.0 70.49 53.068 5 64.19 41.341
2.0 34.92 26.289 2 33.25 21.414
6.709 10 1425 10728 2.12 0.98 6.913 ) 1419 9139 2.07 0.99
0.5 10.64 8.010 0.5 10.76 6.930
0.2 5.10 3.840 0.2 5.38 3.465
10.0 152.89 100.000 10 146.77 100.000
5.0 100.18 65.524 5 94.24 64.209
2.0 47.99 31.389 2 47.25 32.193
8.714 10 20.98 13722 2.14 0.99 9.004 ) 20.09 13 638 2.13 0.99
0.5 15.85 10.367 0.5 15.10 10.288
0.2 8.29 5.422 0.2 7.65 5.212
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Fig. 6 Electromagnetic signals before and after denoising
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Table 3 Characteristic parameters of electromagnetic signals

v Wﬁﬁg BRI %3?%

/(m's ") /mv /(10 "ml)
Al 4.174 0.279 2.96
A2 4.534 0.249 2.32
A3 6.709 1.002 4.58
A4 6.913 1.095 3.64
A5 8.714 1.307 5.35
A6 9.004 1.335 5.51
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Fig. 7 Relationship between amplitude of electromagnetic signals

and fractal dimension
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