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Tab.1 Acoustic emission sensor coordinates

B IR i 5 x AE bR /mm v A bR /mm z A8 bR/ mm
S1 30 150 40
S2 30 70 10
S3 30 160 10
S4 15 0 25
S5 15 220 25
S6 0 60 40
S7 0 70 10
S8 0 160 10
S9 15 70 50

S10 15 160 50
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Tab.3 The arrival time difference of P wave
. S 2% /s
W45 0 AL AR /mm
2 t31 tn ts51 ts1 tn 11 o tion
P1 (15,110,50) 15.7 32.6 59.6 49.0 14.6 18.6 13.3 4.0 3.6
P2 (30,110,30) 6.3 25.6 66.3 70. 3 19.6 9.3 26.1 12.6 22.0
P3 (30,130,10) 52.0 —3.7 143.0 46. 3 74.3 57.3 12.3 56.7 13.0
P4 (0,110,25) 2.1 —0.3 38.7 42.7 —3.6 —5.3 —3.6 —4.0 —7.6
P5 (0,130,10) 19.8 —4.5 80. 3 33.7 25.6 6.6 —23.4 12.6 1.3
P6 (0,90,40) —86.7 32.5 —54.6 53.0 —90.0 —99.7 —6.6 —117.6 —29.6
P7 (0,140,40) 67.6 5.3 91. 3 47.3 52.9 27.0 2.0 51.9 —10.7
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Tab. 4 Theoretical time difference
B HIB BT 22/ ps
AT R Ap bR /mm
TZl ’1‘31 T4»1 T")l ’I‘(il T71 T81 ’I‘E)l TlOl
P1 (15,110,50) 9.2 13.7 43.1 43.1 5.8 9.2 13.7 —2.4 3.8
P2 (30,110,30) 2.2 7.9 43.7 43.7 11.2 7.9 12. 8 3.7 9.2
P3 (30,130,10) 15.0 —3.8 59. 8 35.3 28.6 19.4 4.0 23.5 10.1
P4 (0,110,25) 0 5.0 36.8 36.8 0 —5.9 0 —1.7 3.5
P5 (0,130,10) 12.6 —2.8 53.0 28.5 18.3 8.2 —10.6 16.7 3.3
P6 (0,90,40) —12.6 9.2 15.9 40. 2 —23.2 —19.4 5.8 —25.1 3.3
P7 (0,140,40) 31.4 9.6 68.7 32.0 30. 2 27.8 2.8 25.4 —2.9
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Fig. 7 The absolute error comparison of each time difference
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Tab.5 The location results of each algorithm
FE LS5 /mm
by
IWOA WOA Geiger LS

P1 (14.64,112.25,49. 84) (15.27,112.76,49. 82) (19.32,115.27,46. 92) (20.30,118.27,54.01)
P2 (28.91,117.64,34.07) (27.20,117.21,34.42) (40.32,121.40,34. 65) (39.23,128.86,36.11)
P3 (29.98,137.27,8. 46) (29.69,137.13,8.50) (23.47,121.46,14. 49) (25.25,121.85,11.98)
P4 (1.17,112.68,24.11) (2.32,112.47,23. 26) (5.11,118.65,27.17) (5.47,98. 87,30. 45)
P5 (0.34,129.10,12. 40) (0.42,128.78,12.05) (—4.32,139.18,11.86) (—7.03,144.69,13.63)
P6 (2.70,86.97,35.89) (2.89,85.26,36.56) (6.78,81.83,36.89) (10.15,83.48,14. 14)

P7

(1.19,142. 05,45. 29)

(1.76,143. 36,44. 86)

(—4.25,123.58,38.50)

(1.20,131.39,34.78)
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Tab. 6 The location error analysis of each algorithm

. 1% 22/mm TWOA A% 8 e A B2/ Y6
IWOA WOA Geiger LS WOA Geiger LS

Pl 0.92 1.07 4.19 5.86 14.01 78. 04 84. 30
P2 4.27 4. 81 8.79 11. 40 11.23 51. 42 62. 54
P3 2. 94 2.98 6.52 4. 96 1.34 54. 91 40. 73
P4 1.58 2.25 5.31 7.35 29.78 70. 24 78. 50
P5 1.21 1.23 5.12 8.45 1.63 76. 37 85. 68
P6 3.28 3.69 6.02 10. 27 11.11 45.52 68.06
P7 2.84 3.42 7.39 5.01 16. 96 61.57 43.31

¥y 2.43 2.78 6.19 7.61 12.59 60. 74 68.07
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Fig. 8 The absolute location error Fig. 9 Load-time relation curve of coal rock

comparison of each algorithm
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Fig. 10  Speckle image and the analysis area around crack
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Fig. 13 Event distribution map of acoustic emission location at each stage of Geiger algorithm
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Acoustic emission localization method based on

improved whale optimization algorithm

DAI Shuhong', ZHENG Hao', LIU Kai*, ZHANG Zhanjun'

(1. School of Engineering and Mechanics, Liaoning Technical University, Fuxin 123000, Liaoning, Chinas;

2. Hengda Coal Mine of Fuxin Mining (Group) Co. , Ltd. , Fuxin 123000, Liaoning, China)

Abstract: In order to improve the accuracy of AE source location, an improved whale optimization
algorithm was proposed. and a method of AE event locating method was generated based on this
algorithm. According to the time difference between different channels, an objective function based on
the least square method was established. The objective function was solved by the search mechanism
of improved whale optimization algorithm, then the AE events location results were obtained. In order
to accurately evaluate the positioning accuracy of the improved whale optimization algorithm, the coal
rock pencil-lead breaking experiment and mode I fracture experiment under three-point bending
condition were carried out for verification. The positioning results of the improved whale optimization
algorithm, whale optimization algorithm, Geiger algorithm, and least square method were compared
and analyzed. The results show that the improved whale optimization algorithm has higher positioning
accuracy than other algorithms, and the cumulative effective AE events are more concentrated in the
real fracture process area; the results of AE event location at each stage of the improved whale
optimization algorithm are consistent with the results obtained by digital image correlation method. It
can effectively reflect the dynamic evolution process of crack initiation and propagation in coal rock
specimen.,

Keywords: acoustic emission; localization algorithm; whale optimization algorithm; pencil-lead

breaking experiment; mode [ fracture experiment



