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Research on balanced field electromagnetic pipeline crack detection system
based on Synchronous clock signals

Zheng Wenxue' Li Jiayin> Pan Zhenrong' Liu Bin' Zhang Zhi’
(1. School of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. School of Artificial Intelligence, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Due to the complex internal environment of pipelines and the minute dimensions of cracks, crack detection signals exhibit a
low signal-to-noise ratio. To address the challenge of high-SNR detection for crack defects on both inner and outer pipeline walls, a
balanced field electromagnetic crack detection method employing simultaneous clock sources for excitation and reference signals is
proposed. The detection principle of balanced field electromagnetic technology for internal and external wall cracks in pipelines is
elaborated. The influence of frequency difference noise between excitation and reception signals is analysed through theoretical and
numerical simulations. A balanced field electromagnetic crack detection system based on FPGA digital orthogonal demodulation is
developed, with software design completed for synchronising excitation and reference signals. Experimental validation confirms the
system’ s detection capability, demonstrating its ability to detect surface cracks ranging from 1 to 7 mm and buried cracks from 1 to 4
mm. Surface crack detection signals exhibit a single peak and valley characteristic, while buried crack signals display a double peak
characteristic. Field crack detection pulling tests on pipelines demonstrated that the system consumes less than 1.1 W of power,
achieving a signal-to-noise ratio exceeding 41. 9 dB for surface crack detection and over 36 dB for buried crack detection. This method is
suitable for inline inspection of crack defects on both the inner and outer walls of pipelines.
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Fig. 1 Schematic diagram of sensor structure
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Fig.2 Balanced field electromagnetic detection

signal quadrature demodulation process
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presence or absence of spatial electromagnetic noise
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Pipeline crack inner detector

TEHAE N 325 mm, BEJE S 8 mm AORIAEE R H
FL KBTI T e, 80030 A e N BE 5 A BE |- R
A 12 iR, Hob,C~ G A BURIREEN 1~7 mm 1)
WRTZE B, ~ B, 73 ERE N 1~4 mm FIFMERSL,
Xof IV RSB E S 1~4 mm,

T s 5

Al L S A

— | c2| c,|
=2 | o —
S e, e,

K12 IEREON AN SIS B BRI oA
Fig. 12 Experimental sample tube and defect distribution for

internal inspection of pipeline cracks

AR — R 40 R 12 A i 3% 2L L o
TR R I I A i — B 5 I BB R
8 P A 1 , AL A A S o A 2
Pl A5 3 A R S P R e 13 B,
v, h TSI A AR (3 5 (35 L, 43 S0 A e
SN RSURIRNG C, 55 B, BT 13 Wi
T C, 55 B, Ty R 2



53 3

(e R e 5 5 14~ i, P 1 2R

€ Rl NS P . 141 -

B p00f  SNR-36y

0919 dB 2000 SNR=419603 dB

:(1)::8--“%‘_H 250360 z‘miwg 200 W J{J(Tiiﬁ%}}:’;z@?"iu?r -
12:30 \ i
1:30] - — B, C. C C
o} 2:30*‘*‘—“""‘““"V‘"~'/\/““‘“/‘/*W‘J‘4”‘/""“
& 3:30]
430——————————

-~ -ww%wwdﬁwwd%w
6:30) mwv\«'—l}—-ﬁ
7:30
8;30r~w~—v~——/\/~ ——/ e
9:30—— —B; G G

0 250 500 750 1000 1250 1500 1750 2000
B B B /mm

& 13 Rl 5=
Fig. 13 Detection signal diagram

ML 13 FTAT, AR SO H 445 T8 S a0 L i R i R 452 g
BB IE T 1 ~ 7 mm 2420 (%) K W0, A6 0 {5 MR HE R T
41.960 3 dB, X HEFE 1 ~4 mm 2480 AT IR, A5
I 1 K F 36. 091 9 dB,

4 % i’
X ORI {4 LG 1, B8t T D

7. T%LBZF” S A5 AR TR I R Y b PR vk AR S AR
PRI, TFR T HT FPGA (1 [ U5 B b 7 47 v

5”@(&(9"]/%25%0 WA HERR IR T A
kS ARG TARERE , BRI AR 45E

1) 3@ i xRS 255 5 R A — B i, &
5 R LA P A 2 W P R S R R 5 L ﬁﬁ%ﬁ‘(d\'ﬁ%ﬁ
155 B SRR RS 1 B0 S PR 2 5 B 922 O s/, 93 22 e
TESE R W20 O R GAT 2 R P T 2K

2) ""FHHHWF 5 IR 50k AL A RO 5 B
TE TS5 9 TSRS, He 7 T SO AT XU A AR E, A [+)
TR T ZEL Y FLIGE AT RFAE

3)ﬁ?iﬂ@lﬂﬁ-’fﬂﬂﬁ%@f%ﬁ%“@l*"@'%:\éiﬁ SCEL
T4 mm DL AR ARCR SR I TR B B R T [ 45 2%

R BB R B | 72138 15 1 ﬁ?iiaﬁz HOFEME
3% 36. 091 9 dB.,

S 3k
[ 1] MAC,CHENG X D,XU T Z,et al. Research on local

buckling failure range of X80 buried steel pipeline under
oblique-reverse fault[ J]. Soil Dynamics and Earthquake
Engineering,2023,164:107592.

YUJ X,SU Y F,YU Y,et al. A novel framework for

simulating fatigue crack propagation in X70 pipelines with

(2]

girth welds; Full-scale testing and phase field method[ J].

International Journal of Pressure Vessels and Piping,

2026,219:105658.

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

P BRER A1 8, K. K U N AIEOAR [T].
BH Tl K 2F 24 4R , 2024 ,46(5) < 676-684.

YANG L J, SHI M, GENG H.
technology of long-distance oil and gas pipeline [ J].

Internal detection

Journal of Shenyang University of Technology, 2024,
46(5) :676-684.

WANG Y Q,SONG F,FENG Q S,et al. Basic theory and
applications of oil and gas pipeline non-destructive testing
methods[ J . Energies,2024,17 (24) :6366.
GAO P F, GENG H, YANG L J, et al.

quantification method of ellipsoidal defects based on

Research on

leakage magnetic detection [ J ]. IEEE Sensors Journal,
2024,24 (9) .14503-14518.

TIAN Y F, PALAEV A G, SHAMMAZOV I A, et al.
Non-destructive testing technology for corrosion wall
in pipelines based on

thickness reduction defects

ultrasound [ J ]. Frontiers in Earth
Science 2024 ,12.1432043.

BRSEE VHONE BRGSO NG I B b A T BE R
Wik L] %4%&7!(51&,2022,22 (30):
13293-13300.

CAlI L. X, DONG H, CHEN F, et al. Method for

determining wall thickness of pipes containing defect in

electromagnetic

ultrasonic internal inspection [ J ]. Science Technology
and Engineering,2022,22 (30) :13293-13300.
HAMPSON R, ZHANG D Y, GACHAGAN A, et al.
Modelling and characterisation ultrasonic phased array
transducers for pipe inspections[ J]. International Journal
of Pressure Vessels and Piping,2022,200.104808.
WL, TG REBE, 2. PO XA T 7 R 4 ] KR 45 AH
PR A T]. 1%L ,2021,50 (9) :167-172.
HAN CH G, WANG F,ZHAO Y, et al. Phased array
ultrasonic testing of P91 pipe weld in confined space[ J].
Thermal Power Generation,2021,50 (9) :167-172.
TANG Q, GAO B, RU G G, et al.

fusion sensing of MFL-EMAT for synchronous surface and
IEEE Sensors Journal,

Physical coupling

internal defects inspection [ J].
2023,23( 14) :16068-16079.
R AR EE T E ILEZ RS R O B
ARG 4035 28 F o AR S O T[T ] f T 54X
#R27R ,2024,38(5) :178-187.

XU H,BAO J,HUANG G Y et al. Simulation design of a
new eddy current probe for defect detection of aircraft

multi-layer metal riveting structure [ J ]. Journal of

Electronic Measurement and Instrumentation, 2024,
38(5) :178-187.
JRoRAE SR, — b 00 ) £ s MR T A A 7 ik BT HhL G

TCRIN 51T KRBT R2E29R ,2022,41(3) ;¢



42 R R % 40 %
62-68. GE 8 P d [J]. VU 7 R OR A 2E I, 2023,
ZHANG R H, SONG G H. An electromagnetic 50(1) :85-92.
nondestructive testing method based on phase analysis YANG H H, QIAO SH SH. Automatic frequency-
model to immune lift-off [ J]. Journal of Tiangong calibrated low-pass filter with DC offset cancellation[ J].
University,2022,41(3) :62-68. Journal of Xidian University,2023,50( 1) :85-92.

[13]  AHBEER RS0 RS, 55, JE TP i HoR 1o 4 [21] fHfR4R,#EEZR, EF . T YR T 52 L e

ERE AR A O 2k (1], AR AL R 2740, 2021, JEAR AR R PR [ 1] AXAA R 241, 2025, 46 (3)
42(6) :103-112. 307-315.
YANG L J, ZHENG W X, LI J Y, et al. Full-angle JIJJ,CULY L,WANG K Y. Sensorless vector control of
detection method of pipeline crack based on balanced induction motors based on phase-locked loop [ J].
electromagnetic technology [ J ]. Chinese Journal of Chinese Journal of Scientific Instrument,2025,46(3) .
Scientific Instrument,2021,42(6) ;:103-112. 307-315.

[14] ZHENG W X,LIJ Y,XIAO Y X. Processing methods of the [22] f@0C, 4%, PN R4, 55 T B RIEE BT W E IR
pipeline crack detection signal by a balanced field BB OF ¥ [T]. A 3k ik, 2023, 49 (5)
electromagnetic technique based on phase characteristics[ J ]. 1062-1072.

Review of Scientific Instruments,2023,94(4) .044706. XIE Y,ZOU T,SUN W J,et al.  Novel blind source

[15] LIJY,YANG L J,ZHENG W X, et al. Discriminative separation method for convolutive mixed environment[ J].
method for crack detection signals in balanced-field Acta Automatica Sinica,2023,49(5) :1062-1072.
electromagnetic technique based on amplitude-phase 1EE™/N
composite figure[ J]. Sensors,2022,22(18) ;7000. B3, 2016 T BH Tk KF# K15

[16] 5KAE, Z5HAFT, L8, 5. 25 [A15] 7 P40 2% i 491 & St 2021 AF T B Tl AR AS 1 1
et a1, 6T, 2025,54(2) :78-91. .f i A1, BER P B Tl R~ Rl 8%, 2585
ZHANG Y,LI M ZH, WANG T, et al. The arm locking g 6] K FEL TG TG A IR R e R AG I AR
controller design for space-based gravitational wave . E-mail: zh15940011365@ sut. edu. cn
observatories| J |. Acta Photonica Sinica,2025,54(2): Zheng Wenxue received his B. Sc.
78-91. degree from Shenyang University of Technology in 2016, Ph. D.

[17] WANG H,SUN H L,GUO J F,et al. Analysis of the degree from Shenyang University of Technology in 2021,
frequency interference in the narrowband active noise respectively. Now he is an associate professor at Shenyang
control system [ J]. TEEE-ACM Transactions on Audio University of Technology. His main research interests include
Speech and Language Processing,2022,30:1704-1717. electromagnetic non-destructive testing technology and inline

[18] ZHENG W X,LIJ Y. Multi-channel frequency difference inspection technology.
noise analysis and cancellation method for the balanced BEFGRGIES),2016 £ TKEM
field electromagnetic pipeline inspection gauge [ J . TR AT 540, 2023 4FE T ILBH Tl
Review of Scientific Instruments,2023,94(7) :074702. IRAR A2 7, B0 W B Tolk R 2 30, 3

[19] A1dEge, XU, B8 R Uk, 2. 10 780 = & 7 308 8 I 40 A3 SRR ] S E RS TG A

[20]

M EELT]. hEEL TR, 2024,44(21)
8568-8580.

ZHAO B Y, LIU H,BI T SH, et al. Enhanced triple
filters

method  for  frequency

Proceedings of the CSEE, 2024,

complex  bandpass
measurement [ J |.

44(21) :8568-8580.
Wit TR L. — P I R R IR R Y SR A

E-mail ; lijiayin@ sut. edu. cn

Li Jiayin ( Corresponding author )
received her B. Sc. degree from Changchun University of Science
and Technology in 2016, Ph. D. degree from Shenyang University
of Technology in 2023, respectively. Now she is a lecturer at
Shenyang University of Technology. Her main research interest

includes electromagnetic non-destructive testing technology.



