H39% HoM HL T 5 AR 2 4R Vol.39 No.2
2025 4E 2 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 147 -

DOLI: 10. 13382/j. jemi. B2407704

5 HE TS e g L P R S I R R A
B RS

BXde mEM Kbk EEE R OR
(LT TR S A i TR #1758 125105)

O U R R A g A S S ORI LA B A A5 T A AR PR B AL AR o T, M I P 28 A I
FHEy g TR Jo i DR 46 A0 B S 3 A5 AN T ARSI B 05, DRI 488 17 — o R, rit 377 2 308 AR X e 8 e T
TEEERMBI i, EIE LI IR A F T S0 B 37 - RER 5 W R S B 23 5 A D O vk B R R 2 W L Y7
P EAAT COMSOL X H B T I AL I il B 155 10 T 1) L R S R A, 70 20 v 37588 B 370 500 B8 1940 — 44 A AR AR 2 s JRROV, F, T
) —HEINZ D7 L SR RE T BT (08 2k B T B AR e o ) SR8 bt T B i 8 v BE AR AR £, PSR 45 SRR T i TR Fi
Y- ARG IR NEE B OT LA T T P S AR I RA AT ZER A 1~20 V BRSER 1 kHz~20 MHz B350 T, 76 R —
P v L XS LA T R AGI , AT IS B ARl B I o 22— PN R A A T S R e e i e, R R PR A R A I )
anfiE AP it T — R AT AR Tk

REEIA: B LA R TR s RERR S IR s R T ARG 5 SR P 37 AR A T AR

HESYES: TNO6; TH85"3 XEARIRAD: A ERiRAEERIS LKA 510. 1030

Research on comprehensive detection method of induced electric-magnetic
coupling resonance for fault of mining underground cable

Yan Xiaoheng Yan Zhipeng Chen Weihua Hou Xiaohan Zhao Liang

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

Abstract: A power cable failure in a mine with high-concentration gas has caused coal mining machines and other equipment to stop
operating, severely affecting production efficiency and economic benefits. Currently, commonly used methods for detecting cable faults
on the ground, such as the high-voltage pulse flash over method and the traveling wave reflection method, are not suitable for
underground detection environments. Therefore, this paper proposes a comprehensive detection new method for underground mining cable
faults based on induction electric field-magnetic coupling resonance. A mathematical model for a comprehensive cable fault detection
method based on induction electric field-magnetic coupling resonance under low-frequency sinusoidal excitation conditions is established.
Using multiphysics simulation software COMSOL, the electromagnetic field quantities are solved for open-circuit and short-circuit faults
in the cable, resulting in the two-dimensional distribution of electric and magnetic field strengths, as well as the one-dimensional curve of
the detection coil voltage. Simulation and experiments have determined the variation curves of the induced voltage with the lift-off height
when the used coil is in open-circuit and short-circuit conditions. Research results show that the comprehensive method based on low-
frequency induced electric field-magnetic coupling resonance is feasible for underground detection of mining cable faults. Under the
excitation with an amplitude of 1 ~ 20 V and a frequency range of 1 kHz~20 MHz, by detecting along the cable at the same lift-off
height, open-circuit and short-circuit faults of the cable within one-tenth of the excitation wavelength in length can be detected. It
provides an effective method for underground detection of coal mine cable faults and product development.
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Fig.3 The equivalent circuit for short-circuit detection
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Table 1 Cable structure and material performance parameters

LI ] B (S -m™") AR g 2 AR A EL B B 42/ JEEBE (mm)
Bl LR T (H) 2.2 1 6.6 1.2
WO (RS MR 1 1 10 —
22 (ZHRIK) 1.6x107* 1 3.25 1.6
R CE SRR 1 1 10 0.7
AR T () 5.998%107 1 4 8
PECETRIK) 129 1 129

2.2 BT EE#ESHNE

A N P B AT ARG B 2 A5 Rl DR fih | B9F 5 S 1
L B B R S A B R R R R A L, O LR TR LSS
PRSP TR, B AN T 3 H ), T A 400 R 48 Y e e
O, AR B3R 2 105 HARBUE 4 Bk fg . >4
FARHEEE by 25 AU, DU ASE AL 0 o B8R ALL ) T B e 155 00
U B BRI B D B I AL 10 2 B AL S
O 7E 20V AGERIIIE 52 URD T, oL 4 A A R S
il B g S A A s B an sl 6 B

P 6 45 2R s 3 A AR IE 52 5 i vl B9 P 4 4 2
W S BRI, T AR Y L, 7R Lk e S fe 3 E
iR B DR AR IR, A A o B P I, 2 T 77 A B3R B W 2
TERL IR i35 W B 5 BEBRIRIEAIG, oy T ria S S B i 1)

HL TG 53 A (R R | 2 BB R N 15 5 2 T S e i Ak 2 e A
WA,

PRI, A DR BB A 5 T A N 5 7 v A 2 R i e
DAAIMA D DRI s i, LS L %) P R R P 3 4 A1 1 34 5
B, 4 A2 i 2 B | A3 PR A3 1 8 b, 8 194 R TE T
JE A 1710 AN
2.3 BB

AATTEF AT RARAS S | W 5 4 el Bl 3l 22 1k 1)
FECRRME X T Bt A SR BRSO B 4 05 FLF 9T

TE 5 B U s I 42 18 2k Bl RS 34 40 mm x
23.66 mm, ( HAAXE ), HZL HAN 0. 35 mm, FEF/E
Jof L7 -G R 5 VIR A2 SO Y 3 ot i SR R R B =
BRI A B



2 AT R 8 RV F 37 - WA B T PR 5 G A 7 v S - 151 -
R BIHE (V/m) FE: WBZER (T)
3 -7
0 1 2 3 4 5 6 X107 Vim 1 2 3 4 5 6 T T
(a) AT R 23 ) i A 3 43 A
(a) Cable without fault: Distribution of electric and magnetic fields in space
FE: B (V/m) A BBZEE (T)
0 1 2 3 4 5 x10° V/m 0.05 0.1 0.15 02 T
(b) LA RN 2% R e R 4 A
(b) Cable short-circuit without fault: Distribution of electric and magnetic fields in space
M BIHE (V/m) HE: WEBEE (T)
4 — % -8
0 0.2 0.4 0.6 0.8 10t vim 5 10 15 20 25 30 35 40 T
(c) BRI Rk e 2% ) Wl 3 AN 3 40 A
(c) Cable open-circuit fault: Distribution of electric and magnetic fields in space
4 Hs ) A
6x10° 45%10° 4.0%107 0.14
. A 3.5x107 AN 0.12
g 5x10° ¥ —— BT 3 &= —a— ljith :
2 el I |1 g 30107 l —~ g7 10,10
> 4x10 > 13900 2.5%107 >
= o Fi 3x10 # 0.08
 3x10° & 2.0x107 :
B0 R 12+10° i 154107 0.06
& : 100 & 1.0<107 0.04
1210° 5.0%10% 0.02
0 = Yor-seosesestevlzgs—3g—a -0 0.0 M eeeoroosoomersss 0.00
. . . . . . L 5.0x10" — . . L . \ 1 .
0 10 20 30 40 50 60 0 1020 30 40 50 60
BEAA R /em

HEAAFR/cm

(d) HZEK: MBS AL

(d) Cable surface: Changes in electromagnetic distribution

Bl 6 HLAE SRR 25 AL A1 4 E

Fig. 6 Comparison of spatial electromagnetic distribution before and after a cable fault

VERE LG — R S R« i 25 x) H Bt
Jm0~20 V [ IEFZASHIEA , 75 0~ 1 000 kHz 4 %3 [l
FIARZR AR, BRI 2 Bl P I AN [ 38 il 114 42 AU 155 25 o
El 7 s,

& 7 25 BN RR AR — A S AR OIR | (145
TN FEL S 5 R 5 A e AT 3R T, I A K A 1 3 i 4
T, 2 B A R PR 2 St N, 2R AR R i, 2k Bl Y
JEN LR 2 5 T I (HAR R 0, 12 R 42 06 TSIk s ARt
PR, TEAREMRT LB R SR R R

AN FEBRAE N 20 V IESES B G LT, i 47
T AR LR ) B WSO B0 G 0 L, 5 B4 SR AN &) 8 B
7~ HSHIG N 2 Fis

5] 8 Z5 KA AR B e — A B A T, B

HLJERIEIN , 200 23 25 2 /D, L HL o 2 e 44 349 3 A
o, 2RI AR £ 5 B AR 0 O R 7R BRI Y — BEA
RN V5 R L TR 7 AT 22 180° , Y45 R T I iR
JE IS A A AT T [ 90° BN HE FE 1 U T 5 el
TRR WL Z [BIAEAE 174 WK M As, ot iR H )5,
2 R A 00 BfHE
2.4 B-HBEEIREGRNFE

FEHLATHR] 25 em A 15 R A, 3 a4 2k B Aor
WL ARLR MR B OF UEAT G, 12 R b e P 9 S e A A
RN 100 kHz f2E Bl 3E A7 Hi 45 0 B A 00 47 L, i P 0% %
100 kHz, F{ER 0~20 V A9 IE 523805, 0 20 e 4l iy
2K 9 Frs



- 152 LSRR R e o

25r —=—s=2V
—o— Us=4 V
——Us=6 'V
20F —v— Us=8 V
——Us=10 V
——Us=12V
> 15F —— Us=14 V
XE! —o— Us=16 V
- A —— Us=18 V
B 10 \ e Us=20 V
« O
NN
*
05t \31:323» 3
ook SR
1 1 1 1 1 1
0 200 400 600 800 1 000
Fi# /kHz

(a) 2% ] i P - SR 3 2

(a) Coil voltage variation with excitation frequency

20F

AN TAY

0.0

0O 2 4 6 8 10 12 14 16 18 20 22

Us/V RS
—a— 100 kHz—e—200 kHz——300 kHz—+—400 kHz—+— 900 kHz
—«—600 kHz—>—700 kHz—e—800 kHz——900 kHz—=— 1 000 kHz

(b) £ Pl v B SR i i
(b) Coil voltage variation with excitation frequency
7 LRI R R FEAS ) Y R Nt

Fig.7  Coil voltage reception with different excitation

x2 FR%ZESH

Table 2 Different coil parameters

2 R/Q L/mH C/pF
Coill 21. 62 25.6 129
Coil2 18.20 24.29 129
Coil3 16.35 20. 1 129
Coil 4 14.50 16. 4 129
Coil 5 12.71 13.09 129
Coil 6 11. 15 10. 34 129
Coil 7 9.55 7.89 129
Coil 8 8.15 5. 88 129
Coil 9 6. 68 4.198 129
Coil 10 5. 40 2.8 129
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Table 3 Experimental parameters and data results

] T %5/ N L/mH R/Q BB/ e/ V BEBIRE/V MRV SR LR/ V
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Coil2 1 300 24.29 18. 20 90 20 2.40 10 1.20
Coil3 1200 20.1 16. 35 99 20 2.21 10 1.15
Coil 4 1 100 16. 4 14. 50 109 20 2.04 10 1.02
Coil 5 1 000 13.09 12.71 119 20 1. 80 10 0.9
Coil 6 900 10. 34 11. 15 135 20 1. 64 10 0. 82
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