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Weak magnetic detection method on the buried pipeline based
on the extended magnetic charge model

Yang Xiaohui,Pu Haifeng,Chen Long,He Changchun,Liu Yanjun

(School of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China)

Abstract: An extended magnetic charge model considering the magneto-mechanical coupling effect and dislocation pinning effect is
constructed to improve the effectiveness of the weak magnetic detection method for early damage diagnosis of buried pipelines, and
further clarify the quantitative relationship between detection signals and stress and defects. The variations of weak magnetic detection
signals caused by various abnormal conditions of pipelines are studied. The effectiveness of the model is evaluated by engineering
detection experiments. Research results show that the gradient modulus G,, has significant symmetrical peak distortion at the volume pit
defect, area crack defect or weld defect. The peak value of the gradient modulus G,, increases with the increase of defect size, especially
the equivalent depth. The influence of weld misalignment defect on the peak shape and peak value of G, is significant, while the
influence of undercut defect is not obvious. Comparing the engineering measured data and theoretical calculation data, the maximum
position error is <1 m, and the maximum peak error is < 15% , which are both within the acceptable range of engineering detection.
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Fig. 1  Principle diagram of magnetic intensity detection of buried pipeline
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Ohy S TR M A TR S 408 A0 555 G ) R A 3
ARSCRYHE T 2% 18 WEAR 5 80N NS B T HL SN )4 e
AR S B T R BB e i AR B | R A
llrsub S GRS R AR NV 72 oAUk EREA ARSI
i SR AT RE, EEARRI L N A,

1) 7E A BUEL [0 e 4 T AR R 28 il g A | A6 HE A6
i G, HBLFERE R R A, FLBREE TR, 6, 1
(EHSOA , He R 21 B R B2 1) S ) S O 35 5 X9 207 1] S5
PT7 10 3 BN B AR G, W IR

2) TEXREEAL BREERL S G, 158K Hh BRI I A5 | #5301
A % X e R T A ) 2 W) 3 T 30 R 8 ) 2 e A
W,

3) TAESINEE 5 BIE T A BAR AR i A W) &, 2
R 2 R (P DR 22 P T AR AG I ) T 2 32 J N

FET YRR AT LT | n] LUA 50 figp o 44 b A 0 55
RO b LA S BSR4 BT A v e e AR 45 12

WA HERRTE RS SRR ST rh B 5 B — A A A B AR

B, 532 SR T PR R T 3 A5 ANF S04 | LS BUXH A

BERE REITAR

£ 3Lk

(1] Zdkdn, BUME, (27, % P EMAUE BRI
IR & JRFAS T, WA A TR, 2019, 38(S1) .
14-17.
LI Q Y, ZHAO M H, REN X J, et al. Construction
status and development trend of Chinese oil & gas
pipeline[ J]. Oil&Gas Field Surface Engineering, 2019,
38(S1): 14-17.

[2] 2847, SNl BT REICIZ T ny4s 8 I A e 4 1
TERLI]. a5 54l 2019, 33(2):

94-100.
GONG D, HAN G. Development of pipeline stress
detection equipment based on magnetic memory

method[ J]. Journal of Electronic Measurement and
Instrumentation, 2019, 33(2) : 94-100.

[3] ftpBllk, AORGED, wothsl, % T HEMma e

TEHR L g A i A AR ST [0 ] AR AR A AR
2021, 41(8) : 249-258.
YANG L J, ZHENG F Y, GAO S W, et al. An
analytical model of electromagnetic stress detection for
pipeline  based on  magneto-mechanical  coupling
model[ J]. Chinese Journal of Scientific Instrument,
2021, 41(8) : 249-258.

[4] FEHEK, g, X 5T o0 mim =g E R

P f5 K W 7 R WE AT (D], AR AL R iR, 2017,
38(2): 271-278.
WANG G Q, YANG L J, LIU B. Study on the testing
method of oil-gas pipeline stress damage based on
magnetic memory [ J ]. Chinese Journal of Scientific
Instrument, 2017, 38(2) . 271-278.

(5] WU, A0, BEICIZAGI Y ) RERE & B e A T~ 3
WS ], W3RAEdR, 2021, 70(3) : 105-114.
SHI P P, HAO SH. Analytical solution of magneto-
mechanical magnetic dipole model for the metal magnetic
memory method [ J ]. Acta Physica Sinica, 2021,
70(3): 105-114.

[ 6] WANGZD, YAOK, DENG B, et al. Quantitative study
of metal magnetic memory signal versus local stress
concentration [ J |. NDT and E International, 2010,
43(6): 513-518.

(7] FEWSC HET AR R e 5 500 i B4 3 B A
MRS 5 A BROCO JHAEFE [ D], R RILfrmR
2, 2017.

WANG B W. Testing experiments and ANSYS simulation

for underground pipelines based on non-contact magnetic



226 i & & ¥ M $43 %
memory effect [ D ]. Daqing; Northeast Petroleum [15] LI CH J, CHEN CH, LIAO K X, et al. Theoretical
University, 2017. research on the characteristics of the self-magnetic

[8] LICHJ, CHEN CH, LIAO K X. A quantitative study of leakage field induced by ferromagnetic pipelines [ J].
signal characteristics of non-contact pipeline magnetic Insight, 2016, 58(11) : 601-608.
testing[ J]. Insight, 2015, 57(6) : 324-330. [16] LIU B, LIUZ Q, LUO N, et al. Research on features of
[9] R, XLER, LV, 5. RITGKIAIT XS pipeline crack signal based on weak magnetic
WG > AR [T]. PB4, 2017, 66 (4) :
266.276. method[ J]. Sensors, 2020, 20(3) : 810.
WU D H, LIU ZH T, WANG X H, et al. Mechanism [17] LI CH CH, DONG L H, WANG H D, et al. Metal
analysis of influence of surface-breaking orientation on magnetic memory technique used to predict the fatigue
magnetic leakage field distribution [ J]. Acta physica crack propagation behavior of 0. 45% C steel[ J]. Journal
sinica, 2017, 66(4) . 266-276. of Magnetism and Magnetic Materials, 2016, 405.
[10] IS, JURIR, TREOR, . #ICIZES WELR 150-157.
WLI]. PR (A RFEARR) | 2015, 46(4) (18]  f#Fe s, XUSEAR, JRpk, 45, & ML G R 4 IE PR AR 4
1215-1223. NAFRITAH[T]. HENL, 2021, 51(4): 813,
XUM X, YOUT Q, XU M Q, et al. Quantitative 118.
representation of magnetic memory signal[ J]. Journal of CHULY, LIUJF, SUL, et al. Finite element analysis
Central South University ( Science and Technology ) , of girth weld stress in pipeline with pit defect [ J].
(1] 35212;;‘%4,62%%12157:;;2;%%551@[ M. e Electric Welding Machine, 2021, 51(4): 8- 13,}18\.
HE R . 2000: 98- 106, [19] I3k, JOSCiE, XIPRay, 4. A8 T8 BRI 4% Bk I U 74 A
FENG C ZH, MA X K. Introduction to Engineering RS PRI BTLI]. Rk, 2020(3) : 10-16,65.
Electromagnetic Field [ M ]. Beijing: Higher Education SU L, CHENG W F, LIU B Y, et al. Numerical
Press, 2000 98- 106. simulation on magnetic flux leakage detection signal for
[12] ZEmd, 2K, AU m, S 1A% 8 BG 09 A TR pipeline girth weld defects [ J]. Welding, 2020 (3):
W I RS ()], % R R AR OR, 10-16,65.
2019, 15(9) . 153-157. 1EE/N
LI ZH J, LI CH J, CHENG T T, et al. Study on WL Gl {5 1E#) , 2016 4 T Ui K
calculation method of self-leakage magnetic field for m AR 2 TR K TG T A TS Y
’t;hd lpipeh‘r;) 1(19{1[553 1 11531;7[ Safety Science and My ) Wi S0 , £ BRS04
echnology, , : -157. ‘ - o~ o
[13] JILES Dgg. Theory of the magnetomechanical effect[ J]. : BIEAR
Journal of Physics D Applied Physics, 1999, 28 (8): o= E-mail; yxhyxh8245@ swpu. edu. com
1537, Yang Xiaohui ( Corresponding author) received her Ph. D.
[14] LIU Q Y, LUO X, ZHU H Y, et al. Modified degree from Sichuan University in 2016. She is currently a

magnetomechancial model in the constant and low
intensity magnetic field based on J-A theory[ J]. Chinese
Physics B, 2017, 26(7) : 383-389.

lecturer and a M. Sc.

supervisor at Southwest Petroleum

University. Her main research direction is the nondestructive

testing technology of oil and gas pipeline.



