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Pipeline crack detection method based on alternating electromagnetic field
TIAN Ye', CHEN Haiyan', LI Kun', DING Rong', YANG Lijian*

(1. Technology Digital Center, PipeChina (Xinjiang) United Pipeline Company Limited, Urumgqi
830000, China;2. School of Information Science and Engineering, Shenyang University of
Technology, Shenyang 110870, China)

Abstract: In order to realize the effective detection of pipeline crack defects, a crack detection method based on
alternating electromagnetic field is proposed to realize the effective detection of cracks with different directions.
The mathematical model of alternating electromagnetic field detection is established. Combined with the basic
structure of U type sensor, the detection principle of alternating electromagnetic field is studied, and the
distribution law of electromagnetic field generated on the surface of pipeline is analyzed. The distorted magnetic
field signals caused by circumferential and axial cracks are extracted and analyzed by finite element simulation.
The experimental platform is built to verify the influence of crack defect depth on the detection signal. The results
show that the U type detection structure can effectively detect the circumferential and axial cracks on the surface
of the pipeline. When there is a circumferential crack, the AC leakage magnetic field plays a dominant role in the
detection. When there is an axial crack, the eddy current plays a dominant role in the detection. The judgment of
the crack direction can be realized according to the reverse signal characteristics of the z-axis components of the

two. The research conclusion provides a new detection idea for pipeline crack detection.
Keywords: alternating electromagnetic fields; crack defects; in-pipe inspection; magnetic induction intensity;

electromagnetic field distortion
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Fig.1 schematic of detection of circumferential cracks
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Fig.2 schematic of detection of axial cracks
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Fig.7 simulation result of circumferential crack
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Fig.8 simulation result of axial crack
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Fig.9 simulation results of magnetic induction strength at different depths of cracks
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SIS — BB Q235 A IE, KR
500 mm. #PE 300 mm. JEFH 10 mm, Hm’éﬁélﬁ
A BN TR A FIRE MRS, Has—N
£ 6 mm, FiH 1 mm, WEMHKK NI mm, 2mm, -,
§mm, N 11 iR, LT, LRESRE
1B AL R s, B ok, 4
OE AN E R RS DA TGN (s sV NS ) = S e |
45 15mm MEE BEEAE o 75 SIS TR] R B 9 8] ) 4 40

TE x RIS S ik, W 12,
ME 12T AE Y, xR fE S 5 R ERT &

IEAHOG, BUBEE BRI TREE RIS, x RS 5
WAL SR T3 TR o Sl o A AN R TR JEE S 0 e s 5 5 0
(AR L, 3z /s 3 1 X {55 W 0 ik

IR R R EAT A, SR LA 13, LA R
Bl
Y,,=90X2—350X,+ 808, (6)

i X, WRGURE; Y, N E SR

H T IHERCR, Y, iR 0.022 1,
TR A RO

ME3 A LA, BN, K

SR IEAE S SRR E R IEA G, 505 BT
,% H, VEIAYE— RN, MUK,
W AE B3 5 5 ik . SE0RE R 7 mm i, BIAE
SR w220k, nTRE R A AL R AER S
FiEREM A AT H, WA, LK

PR 2R P 5 H AR B W AE AR Ak, A AR T Bk
B 17 D0 T TN L Bl 3™ A, T 2 AT R R 2%
AR IERAE S LB, EIE MRS E
%%, AR P AL TR I B S BE I ) R
ATRE i B B AL, S BUSIIE 55 R AR,
WRMARLE SR . T =2 RETHESH
mﬁgm ﬁﬁﬁ #ﬁ?%{ TP

j’ £
. b
iy

Bl SEReiiE

Fig.11 experimental pipeline

1.251
1.00 |
= L ¥
€ 075 /3 4
¥ L
B 0.50 /2 MY
0.25F

IIIJ 2‘[] 3I0 ﬂll(] SI'U 6‘
Febf s /mm
K12 R RINE S
Fig.12 detection signals for cracks of different depths

22571
S Sy EST
2007 kA2
1751
1.50 F
E 125
E 1.00
0.75
050F
025F
h 1 2 3 4 5 6 7 8 9
HELTRAE /mm
El13  AN[EGRERBOEE A 2k

Fig.13 peak fitting curves for cracks of different depths

TTITRERAREZZR (BAREM)

M3k . http://fxky.cbpt.cnki.net



%2 4 W,

F AT RE R EE s ik 225

4 iy

(1) FF X548 18 2 a0k il ()@t , 5T 28 28 W 1
YpLEE, #ESr 7 TE R R o A BUE AR A,
A R IT A HriE /R T R85 B ) AR
SRR RS, R T A AR RGN T 1k

(2) FHEEWIGUELEIFEN . R “U” #IZE
g ) 2 72 v 1 Gy 00 A T ST R A T % T R ) 5
] SR A SR 5 45 B SR JCER A, L IR
PRFF LR A5 S i s XA E IE S 244,
iy a5 S AR AR S
2 % L #K (References) :

[I]PROVORNAYA I V, FILIMONOVA 1 V, MISHENIN M V,et al.
The influence of the pipeline system on the socio-economic
development of oil and gas regions[J]. IOP Conference Series:
Earth and Environmental Science, 2021, 823 (1)'012021

(2] #5420, AT il T o R Al R B0 1 7 <
M. A L,2023,51(3):138-144.

XU Hao, SHI Hui, WANG Yuanyang. Pipeline lifetime prediction

18 A i Bl

by integration of corrosion rate and data driving[J]. China
Petroleum Machinery, 2023, 51(3)' 138-144.
(RIS W (0 B AT R RES N (R € e i I S A |
ﬁﬁ%g,zozz,mm);ﬂz-nz,
WU MING, XIE FEI, CHEN XU, et al. Research progress and
thinking on corrosion failure of buried oil and gas pipelines[J].
Oil&Gas Storage and Transportation, 2022, 41(6): 712-722.

[4] ZHANG Y, WENG W G. Bayesian network model for buried gas
pipeline failure analysis caused by corrosion and external
interference[J]. Reliability Engineering & System Safety,2020,203:
107089.

[5]ZHU X H, DENG Z L, LIU W J. Dynamic fracture analysis of
buried steel gas pipeline using cohesive model[J]. Soil Dynamics
and Earthquake Engineering,2020,128:105881.

(6] Phif, Pt 7 T30, 55 . A 00 PR U H AR BIFFE HE S [0]. A1 il
A T % 45,2023,26(2):30-33.

SUN Jing, SUN Jin, ZHANG Weiwen, et al. Research progress of
internal inspection technology for long distance pipeline[J]. Petro &
Chemical Equipment, 2023, 26(2):30-33.

[71AMBATI P, SUMAN RAJ K M, JOSHUVA A. A review on
pipeline inspection robot[C]//3rd International Conference on
Frontiers in Automobile and Mechanical Engineering (Fame 2020),
Chennai, India. AIP Publishing, 2020: 060002.

[8]MA Q P, TIAN G Y, ZENG Y L, et al.Pipeline in-line inspection
method, instrumentation and data management[J]. Sensors,2021,21
(11):3862.

[9] ?W? UL 4 S U PR I AR T B i A

J1. P E R R A 2 42,2023,39(4):28-32.
LI Yajun, HU Peng, CHEN Jinzhong. Application of magnetic flux

BRI A A R

leakage internal detection technology in gathering and

transportation pipeline detection[J]. China Special Equipment
Safety, 2023, 39(4):28-32.
[10] 47 R K I8, i A 80 . A S A3
F2412,2016,37(8):1736-1746.
YANG Lijian, GENG Hao, GAO Songwei. Magnetic flux leakage

T PRGN B AR (], AR

internal detection technology of the long distance oil pipeline[J].
Chinese Journal of Scientific Instrument, 2016, 37(8):1736-1746.

[11] DOBMANN G, BARBIAN O A, WILLEMS H. State of the art of
in-line nondestructive weld inspection of pipelines by ultrasonics
[J]. Russian Journal of Nondestructive Testing, 2007, 43(11):
755-761.

[12] DAY H, DONG G R, SHANG Y, et al. Circumferential defect
detection using ultrasonic guided waves[J].
Computations, 2020, 37(6):1923-1943.

(131 24, FACHT, 5 92,55 il Ul 2L 808 IS T RSk B (0]

K ,2023,45(2):60-65.
LI Rui, WANG Changxin, FU Kuan, et al. Development of eddy

Engineering

current probe for crack inspection of oil and gas pipelines[J].
Nondestructive Testing, 2023, 45(2):60-65.

[14] A 4 i 4] <5 48 2= 55 U5, 55 . T X8 308 0L G 71 47 S i 2L 80 R0
RESE M [J]. A Rk R R (AR BRI, 2015, 43(11):22-26.
DU lJingiang, HE Yuting, LI Peiyuan, et al. Influence of
interference on crack inspection ability of flexible eddy current
sensor array[J]. Journal of Huazhong University of Science and
Technology (Natural Science Edition), 2015, 43(11): 22-26.

[15]ZHAO J M, LI W, ZHAO J C, et al. A novel ACFM probe with
flexible sensor array for pipe cracks inspection[J]. IEEE Access,
2020, 8:26904-26910.

[16] YUAN X A, LI W, CHEN G M, et al.Inspection of both inner and
outer cracks in aluminum tubes wusing double frequency
circumferential current field testing method[J]. Mechanical
Systems and Signal Processing,2019,127:16-34.

(171 s 8, P 5 L, BRI 56 K 28 Tt F W S G 1 3k it 5 454
AL HLHL TR AR, 2024, 53(2): 116-118,197.

GAO Peng, SHEN Zongkai, WU Linxi, et al. Design and
structural optimization of underwater ACFM probe[J]. Mechanical
& Electrical Engineering, 2024, 53(2): 116-118,197.

(18] X A, 245, 3 2 A5 . XU S U HL i 7 i 88 0 i 55422 [ ], Tt
K, 2021,43(4):5-9.

ZHAO Jianchao, LI Wei, YUAN Xin'an, et al. Lift-off suppression
algorithm for dual-frequency alternating current field measurement
[J]. Nondestructive Testing, 2021,43(4):5-9.

[19] LT W, YUAN X A, CHEN G M, et al. High sensitivity rotating
alternating current field measurement for arbitrary-angle
underwater cracks[J].NDT&E International, 2016,79:123-131.

[20| REPELIANTO A S, KASAI N Y, SEKINO K, et al. Flaw
detection in aluminum plates using a rotating uniform eddy current
probe with two pairs of excitation coils[J]. Metals, 2019, 9(10):
1069.

TTFITRERARKRZZR (BARZEM)

M3k . http:/fxky.cbpt.cnki.net



