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Monitoring method for spatiotemporal evolution trend of coal sample damage
based on electromagnetic vector space features

Yang Zhen Feng Feng Li Xin Zhang Junbo Zhang Qiaochu Liu Haoyuan

(School of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract : The occurrence of coal-rock dynamic disasters is closely related to the damage state of coal. To achieve real-time monitoring of
the crack development trend within coal underload, a localization model for internal fractures based on an equivalent electromagnetic
radiation source is constructed. This study explores a monitoring method for fracture development in loaded coal and its corresponding
solution algorithm. Additionally, a uniaxial loading experiment is conducted to analyze the effects of coal sample origin and loading rate
on the proposed monitoring method, thereby verifying its general applicability. The results indicate that the electromagnetic radiation
(EMR) generated by loaded coal originates from both electric-type and magnetic-type sources. The combined effects of these sources
contribute to EMR emission during the expansion and closure of internal cracks in the coal. The constructed equivalent EMR source
model for charged fractures can be utilized for monitoring coal damage. By employing a triaxial fluxgate sensor, an EMR monitoring array
for loaded coal samples can be established. The non-coplanar arrangement of the sensors proves more effective than the coplanar
configuration in mitigating error amplification effects. The BFGS-integrated pathfinding strategy ( BIPDS) enhances the accuracy of
solving typical multimodal functions by more than tenfold compared to traditional algorithms, while reducing the standard deviation by
approximately 99% , thereby providing algorithmic support for the proposed radiation source localization model based on vertical distance
error. The fracture monitoring model determines a through-crack inclination angle of 78°, with its spatial position closely matching the

actual crack distribution. Under different experimental conditions, the variation trends of the synthesized EMR vector intensity remain
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consistent, indicating that coal sample origin and loading rate do not affect the monitoring performance. The method demonstrates reliable

monitoring effectiveness and general applicability. These findings contribute to understanding the damage evolution mechanism of loaded

coal and provide technical support for advancing research on the prevention and control of coal-rock dynamic disasters.

Keywords : coal-rock dynamic disasters; electromagnetic radiation; fracture development; damage monitoring; BIPDS algorithm
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Fig. 1 The mechanism of electromagnetic radiation

generated by loaded coal samples
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Fig.7 Flowchart of the hybrid originality-inspired algorithm
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Table 1 Comparison of optimization performance of different algorithms on multimodal test functions

DU PR PFA(¥I{E«pR#EZE)  BFGS(I{E+ARMEZE)  BIPDS({H+ARIEZ)  PSO(H{H+bRIEZ) GA (A
Griewank 0.004 120. 002 3 0. 003 720. 002 0. 000 20. 000 1 0. 006 30. 003 1 0. 008 5+0. 004 7
Rastrigin 1. 72=0. 85 1.4120.76 0. 1820. 09 3.21£1.02 4.53%1. 65
Ackley 0. 021£0. 009 0. 018=0. 007 0. 002+0. 001 0. 057+0. 023 0. 083=0. 031
Schwefel 7.31+3. 14 6.82+2.95 0. 98+0. 035 9.45+3. 87 12. 63+4. 42
Michalewicz 0. 143£0. 062 0. 126£0. 054 0. 008+0. 004 0. 189+0. 081 0.263+0. 117
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(a) Schematic diagram of the experimental system and the prefabricated crack specimen.
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Fig. 8 Diagram of prefabricated crack patterns and electromagnetic positioning experimental environment

AT SRR A W Ty vk ) S R 2 O
St SRR 22T 1P R R RTAT b R Ll JC AR, 38 3 O T

JEAE T e 8 R e JE R AR S 50 mm i EE R
100 mm AYFRAEFEIAE RS, (1 0. 1 mm 4l Sk XA 1T
T B AL T G IR 2 D004 T B s i 2480, A AR IIE
g s AT AR RRE T T 5 P TR A T 9 ' Ah B A fin 2%
SCISRTURER FL AR, 3 Bl b A 4R E & 6 A, PRIIE
ARl RS 2 /D] A S 2 WK, BRI A A R
PR A BAnER 2 s .

BRI TFEANE

1) $5  = Al 1] P G S I P 5 4n 181 5(b)
JIe 7 A8 e ERE v 1 O i A S [ 380 %68 o7 o7 i o
PREE ETEE DAL, DL 3 SR RS A RS AL R
IRAB TR 2R 5 I et A2 e 55 4R X I 1 25 T AR A

2) a8l A AL LR Ok I A SRR 1 min SR iE
AT S50 B A ST 5 P45 L G S A P T S 3 5 ) S B
PEIEATREME AL FE T SE R S A

3) B 2H S i N 2 25 n A8 AR 24 A
I R G5 I 8 AL, WSS TE S N T B AR 2

x2 ZHHARELER

Table 2 Basic information of the loaded specimen

P — JE T EAR/ R R/
mm mm
1 LYie2n 50. 10 99. 95
2 HRIR 2 W 50. 02 99. 50
3 HYe2 50. 00 99. 54
4 ERIR 2 W 50. 04 99. 60
5 ?B/ngﬁﬁ 49.98 99. 67
6 SR 50.13 99. 77
7 KA 50. 02 99. 35
8 yNE] 49.98 100. 02
9 KIF] 50.07 99.76
10 KAl 50. 21 100. 20
11 KIF 49.94 99. 84
12 PN 50.31 100. 32
13 JE 49.97 99.98
14 JE 50. 11 99. 80
15 FE L 50. 20 100. 05
16 FE L 50. 03 100. 03
17 FEW 50. 03 99. 85
18 JE 49. 95 99. 87
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Fig.9 The variation curve of three-axis electromagnetic signals
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Table 3 Results of the loaded sample experiment

gy RER e g, ORI
(mm/min) t
1 0.3 7.931 (0.17,5.58,3.69,0.37)
2 0.3 7.625 (1.48,0.32,16.19,0.42)
3 0.3 6.432 8 (0.63,3.23,1.63,0.45)
4 0.2 5.041 2 (0.75,0.43,1.24,0.35)
5 0.2 5.137 4 (0.35,4.53,1.77,0.29)
6 0.4 7.728 3 (1.25,2.23,0.15,0.98)
7 0.3 5.918 6 (0.35,4.78,2. 13,1. 56)
8 0.3 8.121 8 (1.93,0.89,5.67,2.34)
9 0.2 7.904 5 (1.23,4.56,0.27,3.98)
10 0.2 9.045 2 (1.45,5.12,0.31,4.67)
1 0.4 6.3347 (0.45,3.21,5.89,1.78)
12 0.4 7.460 1 (2.32,0.56,2.78,3.45)
13 0.3 6.525 4 (0.68,5.34,0.29,4.12)
14 0.3 5.8345 (3.78,2.56,0.34,5.23)
15 0.2 7.604 5 (0.89,4.23,3.45,1.67)
16 0.2 7.3650 (2.34,5.78,0.32,3.12)
17 0.4 6.046 1 (1.45,4.67,0.28,2.89)
18 0.4 7.803 1 (1.61,0.78,5.34,1.23)
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Fig. 10 Schematic diagram of the experimental sample
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Table 4 Characteristic parameters of multi-moment electromagnetic radiation
1 A 2 SRR 3 SR kR 4 LI
PRIy (17.5,13,2) (27,0,2) (0,0,2) (27,0,5.5)
x fih 0. 069 -0.077 -0. 409 -0. 090
-t y -0.116 -0.013 -0. 083 -0. 034
z il 0.259 0. 124 0. 092 -0. 089
T TR 5 B A 0.330 0. 130 0. 050 0. 066
« fih -0. 061 0. 144 1. 047 0. 131
% 2 y -0. 025 -0.117 1. 087 0. 096
2 -0. 053 -0.097 -0.272 0.093
T IR N 5 3 s 0. 060 0. 170 0.710 0. 244
« fih -1.556 0. 196 2.035 0.118
a1 3 y il 2.783 0. 000 2.257 0.018
2 fi 0.597 -0.110 0. 586 0. 054
T IR N 5 s 1. 480 0.230 0.210 0. 184
« fih -0. 035 0.209 0. 878 0. 144
L -
2 4 y Bl 0. 482 0. 000 8.585 0. 083
2l -0.261 -0.123 -7.721 0.171
T IR SR B 0. 050 0.250 9.020 0.304
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Table 5 Results of crack location in loaded samples
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ﬂﬁn SOUBERZS AR PBRARETR R A A/
=2
1 (16.221 8,3.109 1,1.819 9) 95.781
2 (16.493 0,4.146 9,2.313 7) 100. 05
3 (16.331 2,2.820 3,5.529 6) 105.76
4 (16.010 1,2.891 1,6.990 8) 114. 12
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Fig. 12 Schematic diagram of the spatial

position of cracks in sample 2
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Fig. 14 Time sequence variation curve of electromagnetic

radiation of sensor 1 under different loading rates
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