5547 % 5 2 ) I 7 8 I & Vol. 47 No. 2
2021 4F 2 A Industry and Mine Automation Feb. 2021

XEHS:1671-251X(2021)02-0063-08 DOI:10.13272/j. issn. 1671-251x. 2020110052

It Y A B R B0 TR 7 o S A SRR T 5

éﬁ“\a ﬁ]ﬁﬁ{.ﬂﬂ, E’S’il—]—'v X'] /%’9 ﬁﬂﬁg

emBpoRyy RS RIR TR B, L 100083)

IS 5l ] 332

WE AT B AR S IR RS AP0 5 AR R TR A, TR TS IKRE L Z%, 54
THEWREEAIREEL BFARETHRMANE, EREAN O BB KA T TR 4 4 Mo
BOD) ERRALAERAYT EHE(D A RANED, © B X EKkIEy TEILLr -k, %2
RGEE ik > B EAY LA EERRFARETLEFRR, QO MHEF [  IH&EFZXHAHRS
FHBEAFG EBLEFNNRRFTRA TR ERKA S, mAEES | IR EFAFRATHEY A
GEF PR R RATHENE “RE>FH"LY, OMEBRALIBHAELIHAFLALL. B
EEFABAREAFRIEEARFBRE S AL THEAREZ KA R BBIRG AT IE, FARERTAM S
HOAF DA W] TR ARIR B

KB BRI FAS: MERBABE; B %; FEAK

R4y 255 . TD315. 1 SCHk bR S - A

Experimental study on characteristics of strain and acoustic emission in the

process of coal rock expansion and fracture

LI Jie, QIU Liming, YIN Shan, LIU Yang, TONG Yongjun
(School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: In order to solve the problem that there are few researches on the acoustic emission
characteristics in the process of coal rock expansion and fracture, experiments on coal rock expansion and
fracture are carried out to analyze the change law of strain and acoustic emission signals during the whole
process of coal rock expansion and fracture. The results show that: (D the coal-rock expansion and fracture
process can be divided into micro-fracture stage ( I ), macro-fracture generation and expansion stage (][ )
and splitting stage (). @ the strain evolution of coal and rock samples in the expansion process is
consistent, showing the trend of “slow change — acceleration — extreme value’. However, the acoustic
emission signals of the two samples at each stage are quite different. @) the acoustic emission ringing
counts are more abundant in the coal samples at stages [ and ][, and the cumulative ringing counts
increase exponentially near stage [[[ ; while the acoustic emission ringing counts are less in the rock samples
at stages | and ]I, and the cumulative ringing counts show a ‘sudden increase - calm’ trend near stage [[ .
@ there is deformation localization in the process of both coal and rock expansion and fracture. The sudden
change of strain variation coefficient and the increase of acoustic emission peak frequency range can be used

as the precursor characteristics of coal rock expansion, fracture and instability. The research results can
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provide a basis for monitoring and early warning of coal rock fractures and other projects.

Key words: coal rock expansion and fracture; acoustic emission; coal rock surface deformation; strain;

variation coefficient
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Fig. 1 Coal and rock expansion and fracture

experiment system
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after expansion and fracture
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Fig. 6 Strain time series change of coal sample

measuring points
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measuring points
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Fig. 8 Strain and acoustic emission time series change

at each measuring point of rock
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change at each measuring point of coal
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Fig. 10  Strain variation coefficient curve of coal
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Abstract: When using electromagnetic detection method to detect the damage of mine wire rope, the
detection signal contains a lot of noise. Moreover, there are spikes and mutations interference, which
increase the difficulty of damage identification. Therefore, it is necessary to reduce the noise of the original
detection signal. The commonly used Fourier transform cannot process the operating wire rope detection
signal. The wavelet transform has problems of poor translation invariance and frequency aliasing, which
affect the detection accuracy. This paper proposes a method for mine wire rope damage detection based on
dual-tree complex wavelet transform. Firstly, a dual-tree complex wavelet high and low pass filter is
constructed by Q-shift method, and the original signal is decomposed by 3-layer dual-tree complex wavelet
to obtain the high and low frequency signal components. Secondly, a soft threshold method with minimax
variance is used to reduce the noise of the decomposed signal. Finally, the noise reduction signal is
reconstructed. A wire rope damage detection test platform is built in the laboratory environment to verify
the noise reduction performance of the wire rope damage detection signal processing method based on dual-
tree complex wavelet transform. The results show that the method can reduce the number of spikes and
mutations in the detection signal effectively and make the signal stable. The noise reduction effect is better
than that of classical wavelet transform. The method increases the signal peak value at the singularity
point, which is beneficial to the subsequent feature extraction.

Key words: mine wire rope; wire rope damage detection; electromagnetic detection method; signal

noise reduction; wavelet transform; dual-tree complex wavelet transform
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detection signal processed by different methods
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