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Research on the stress signal extraction method of pipeline
composite defect based on dual magnetic field

Lian Zheng,Liu Bin, Liu Tong, Wu Zihan, Yang Lijian

(School of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The composite defect existing together with the stress is one of the important factors which affects the safe operation of
pipeline. The dual magnetic field method can be used to judge the degree of stress damage at composite defects. But the stress signal
extraction method needs to be solved urgently. In this article, the magnetomechanical relationship in the J-A theory is introduced into the
magnetic charge model. The magnetic signals of composite defects under different stress and external magnetic field are analyzed and
calculated. The stress signal extraction model of composite defects based on the ratio of dual magnetic field signals is formulated. The
ratio factor is proposed to evaluate the stress level at the defect, and the systematic experimental evaluation is carried out. The results
show that the strong magnetic signal is not sensitive to the stress at the defect, and the signal mainly includes the defect size information.
The weak magnetic signal is sensitive to the stress at the defect, and the signal includes defect size information and stress information at
the defect. The ratio factor can reflect the stress at the defect. When the weak magnetic field intensity is low, the average change rate of
the ratio factor with the stress at the defect is larger than 9% . With the increase of weak magnetic field intensity, the variation range of
ratio factor with stress decreases.
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Fig. 1 Dual magnetic field detector
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pipeline composite defects
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Fig.3 Magnetomechanical relationship under

different stresses
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Fig. 4 Magnetomechanical relationship under different

external magnetic fields
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Table 1 Relationship between ratio factor and stress

at defect
i 0 kN 18 kN 36 kN 54 kN 72 kN
Jil G R U
2 A 4.46 6.09 2.74 4.50 4.46
4 A 2.22 2.14 2.21 2.24 1. 81
6 A 1.43 1.40 1.58 1. 46 1.32
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of different external magnetic field defects
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different external magnetic fields
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different sizes under different external magnetic fields
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Fig.24  Test results of 28% deep defect magnetic memory

—u— BRI HES
—o— BRIRFES

1 75 50- / .

WAL LammosiEe |
8_ “‘ O \

SR —e—wmpnEs | v

\ |
0 15 30 45 60 75 90 105120135150165180195210225240255270285300

R EE B /mm
25 13% IR B pERLICIC RIS

Fig. 25 Test results of 13% deep defect magnetic memory

A& 24 25 A B AR 1 AR 2 977 I R
TCAZAE S, DR AT LA 56 i 3k B 174 79 A &2 45 750 Gk o J] L A7
FEN JJEE T IX. WU b 78 18 P A 3 T 2 AL i
Ab N7 3 50 R S

4 & i

TEBA M A AN EAE T, 8 FE AL 257 A= 1Y
Kot I SR IX 3 A 52 AL IR o 5 W) A 1B 2 A s AT
HYEE ), ARFTOR J-A BT T R R EIA
B REATRESI  fRATTSE TR ) ARSMIEES T R A
RURBARIRELS S o BT T XUREA (55 LA A B b
THE S PR IBURAL, $2 1 AR P 7 F T Bk b Bz 3 K F- Y
WAL R T RIS IR IE, AT

1) 7E XU 7 8 S P B N A 7 v, s 3
JREATE P R A7 2 %ok 10 AN 0K AR 2 Dl o 1 0
152 0T 73 BURK 5 1 T 3 DAl A P ARG I 30 6k s A
WAw > ARG R P T 352G I 2 ke g Rz g 52 5
ffa,

2) 4 th FO (B 7 T e b Ak 13 g B PP A < FE (B I 5
5B TR AR I ) R/ INAT 5 < BRI AR A AE I S I, B I
JTEIHEIN , HCAE PR TS s 9/ N S S G0 5 78 XURE e
vy 355 0 7 5 B AR AR AR IR LTS, 583 37 0 R B, LU (L
PR~ B Bt o ALk 7 ) 728 A i )

3) $& I A eR R IR AR 70l e /T TR £ 5
BRI L « TR BB RT3 /IN , BOAMi 78 E ad AR I JC 585 W AR
5 ToRAS B BB A N3 O, A L E B TR 0, T8
TEVPAS BRI AR IV g o X 55 Dl I B A 50 A A A N7 I
PR, R R S SR R AT
B23H
[1) BB, BN, FAAEL KRR A R B

ARLIT AL, 2016, 37(8) : 1736-1746.
YANG L J, GENG H, GAO S W. Magnetic flux leakage
internal detection technology of the long distance oil
pipeline[ J]. Chinese Journal of Scientific Instrument,
2016, 37(8) : 1736-1746.

[2] &7, 8o, K, 55 2020 4FakibTEEE

WIS R REE ()], WA, 2021, 40(12) .
1330-1337,1348.
LI Q Y, ZHAO M H, ZHANG B, et al. Current
construction status and development trend of global oil
and gas pipelines in 2020[ J]. Oil & Gas Storage and
Transportation, 2021, 40(12) ; 1330-1337,1348.

[ 37 XU, Xk, NI, 55 #or /T 8 HE s fg A
F R [ T]. AR A, 2022, 43 (1)
262-273.



53

B OE S AT 1 S R

NS E S RBUT R I 117

[4]

(5]

L6]

(7]

[8]

(9]

[10]

[11]

LIU T, LIU B, FENG G, et al. Quantization of pipeline
magnetic flux leakage detection signal under load [ J ].
Chinese Journal of Scientific Instrument, 2022, 43(1) .
262-273.

MORI K, ABE Y, SEDOGUCHI K. Delayed fracture in
cold blanking of ultra-high strength steel sheets [ J].
CIRP Annals, 2019, 68(1): 297-300.

PR, FBARED, mANEE, SF. BT DRGNS AL
SRR AR SRl Ty R DA N € S eI
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].
2021, 41(8) : 249-258.

L H T, LIU X C, WU B,
reconstruction of complex defects based on combined
method of MFL and MFDs[ J]. Measurement Science and
Technology, 2021, 32(7) : 075402.

GAUNKAR N P, JILES D C, GAUNKAR G. Detection

of surface cracks in ferromagnetic materials by C-scan

Chinese Journal of Scientific Instrument,

Accurate 3D

et al.

mapping of residual stresses Barkhausen
emissions[ J]. AIP Advances, 2020, 10(1) : 015246.
JIRREE, PRREEIL, okMR M, 5F. BT =AhE G 0 g
PRGN RS 4h kb S T A RS [ 0], AXERAN R 7 4
2021, 42(12) . 245-253.

LU S X, SHEN X K, ZHANG J N. et al. Research on

defect inversion method of magnetic flux leakage internal

using

inspection data based on triaxial fusion [ J]. Chinese

Journal of Scientific 2021, 42 (12):
245-253.

B, B, mAAEE, AF. REE U RE YA A
BESREA I i TR [ 0], A -0 S5 (AR 4R,
2021, 35(7) . 106-114.

YANG L J, LIANG CH ZH, GAO S W, et al. Analytical

model of magnetic flux leakage field of pipe wall defects

Instrument ,

based on magnetic flux leakage internal detection [ J].
Journal of Electronic Measurement and Instrumentation,
2021, 35(7) . 106-114.

I, BT, R A, A 55 GG DN H AR B SE E
JESREE[T]. MRS, 2022, 36(3)
1-14.

LIB Y, LIAO K X, HE G X, et al. Research progresses
and prospects of weak magnetic testing technology [ J].
Journal of Electronic Measurement and Instrumentation,
2022, 36(3) . 1-14.

LIU B, LUO N, FENG G. Quantitative study on MFL

signal of pipeline composite defect based on improved

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

magnetic charge model [ J]. Sensors, 2021, 21 (10) ;.
3412.

WANG Y, LIU X, WU B, et al. Dipole modeling of
stress-dependent magnetic flux leakage [ J]. NDT & E
International , 2018, 95. 1-8.

I, Fuier, AR, . BT 106 % 50 48 v
AR INIE FEAR AL [ )], W EE a4, 2022, 71(15):
103-119.

LUO X, WANG L H, LYU L, et al. Forward model of
metal magnetic memory testing based on equivalent
surface magnetic charge theory[ J]. Acta Physica Sinica,
2022, 71(15) . 103-119.

WG, Wi, Bide, 5. TP R4 A5 4 A
W TE S RER I T AT (0] AR RS, 2022,
43(5): 218-226.

YANG X H, PU H F, CHEN L, et al. Weak magnetic
detection method on the buried pipeline based on the
extended magnetic charge model[ J]. Chinese Journal of
Scientific Instrument, 2022, 43(5) . 218-226.

PRI, A0 R AL A I ¥ o3 e R 2 A AT - 3
WRSRATAR(T]. PIBRSEAR, 2021, 70(3) : 105-114.
SHI P P, HAO SH. Analytical solution of magneto-
mechanical magnetic dipole model for metal magnetic
memory method [ J ]. Acta Physica Sinica, 2021,
70(3): 105-114.

VILLEGAS-SAUCILLO J J, DIAZ-CARMONA ] J,
CERON-ALVAREZ C A, et al. Measurement system of
metal magnetic memory method signals around rectangular
defects of a ferromagnetic pipe[J]. Applied Sciences,
2019, 9(13) :2695.

WANG Z D, YAO K, DENG B, et al. Quantitative
study of metal magnetic memory signal versus local stress
concentration| J ]. Ndt & E International, 2010, 43(6) .
513-518.

NESTLEROTH J B, DAVIS R J. The design of a
mechanical damage inspection tool using dual field
magnetic flux leakage technology[ J]. Journal of Pressure
Vessel Technology, 2005, 127(3) . 274-283.
GOODMAN L R, SINGH P M. Repassivation behavior of
X65 pipeline ethanol and its

steel in fuel grade

implications  for  the stress  corrosion  cracking
mechanism[ J]. Corrosion Science, 2012, 65:238-248.
YANG Y, CHENG Y F. Stress enhanced corrosion at the

tip of near-neutral pH stress corrosion cracks on

pipelines[ J]. Corrosion, 2016, 72(8) : 1035-1043.
LIU B, MA Z, LIU Z, et al.

detection technology for axial crack of long-distance oil

Research on internal

and gas pipeline based on micromagnetic method [ J].



118 e M & 2 B a4k
Structural Health Monitoring, 2020, 19(4) ; 1123-1136. 111(6) ; 063909.

[22] FUM R, LIU J H, ZHANG H G, et al. Multi-sensor [31] B0, g, THEME. ST B A 00 1Y ERiE #4
fusion for magnetic flux leakage defect characterization BHE EREALBIRI [ T]. ¥ P 2%3%, 2019, 68 (18):
under information incompletion [ J]. TEEE Transactions 295-306.
on Industrial Electronics, 2021, 68(5) ; 4382-4392. LUO X, ZHU H Y, DING Y P. A modified model of

(23] LIUB, FENG G, HE L, et al. Quantitative study of magneto-mechanical ~ effect on  magnetization in
MMM signal features for internal weld crack detection in ferromagnetic materials[ J]. Acta Physica Sinica, 2019,
long-distance oil and gas pipelines [ J ]. IEEE 68(18) ; 295-306.

:(;ztnslafclt;(fns on Instrumentation and Measurement, 2021, EZEG A

[24] JILES D C. Theory of the magnetomechanical effect[ J ]. BRIE, 20192022 4 Tk T ALK 453
Journal of Physics D: Applied Physics, 1995, 28(8): MIARAR L AL AL, B VL B TR
1537 WG, IO 4 K 4R

[25] JILES D. Introduction to magnetism and magnetic O3 P AR 52 A I 458 AGE T R B A G
materials| M]. CRC Press, 2015. i,

[26] JILES D C, LI L. A new approach to modeling the E-mail: 457123468@ qq. com
magnetomechanical effect [ J ]. Journal of Applied Lian Zheng received his B. Sc. degree and M. Sc. degree
Physics, 2004, 95(11) . 7058-7060. both from Shenyang University of Technology in 2019 and 2022,

[27] MGENI, 5340, Wi, BT AFSA 5§ PSO HA respectively. He is currently a Ph. D. candidate at Shenyang
AR J-A SIS RERTE I S RO R A [T ], AR University of Technology. His main research interests include
R, 2020, 41(1) : 26-34, internal stress testing technology, nondestructive testing
ZHAO ZH G, MA X W, JI J AN. Parameter technology and related theories for long oil and gas pipelines.
identification and verification of J-A dynamic hysteresis QU CGAEVES ) 03T 2004 4E 2007
model based on hybrid algorithms of AFSA and PSO[J]. AE 2013 4TI Toll kg s+ Wit
(23;1122% Journal of Scientific Instrument, 2020, 41(1): B BRI Tl ke 2 B R 5 T

[28] SHI P, JIN K, ZHENG X. A magnetomechanical model 74}:%%%%”%&\“%”?% . ”*%‘E%?ﬁff’jf\ﬁj:
for the magnetic memory method [ J ]. International EETE‘FUfﬁO Iﬁﬁﬁﬁrﬂﬁ{m%ﬁﬁﬁﬁﬁ@
Journal of Mechanical Sciences, 2017, 124, 229-241. HINHIBAR AL

1201 XA, WL, AUGHE, . T Jiles-Atherton FHIE E-mail ; 13998284051@ 163. com
(YR B SRS T AL R A I TE [ 1], B0 22 4 Liu Bin ( Corresponding author) received B. Sc., M. Sc. ,
2017, 66(10) : 297-306. and Ph. D. degrees from Shenyang University of Technology in
LIUQ Y, LUO X, ZHU H Y, et al. Modeling plastic 2004, 2007, and 2013, respectively. He is currently the Deputy
deformation effect on the hysteresis loops of ferromagnetic Dean of School of Information Science and Engineering at
materials based on modified Jiles-Atherton model [ J ]. Shenyang University of Technology. He is the * Xiangyuan
Acta Physica Sinica, 2017, 66(10) : 297-306. Scholar”  distinguished professor and a Ph.D. advisor at

[30] LI J, XU M, LENG J, et al. Modeling plastic Shenyang University of Technology. His research interests include

deformation effect on magnetization in ferromagnetic

materials [ J ]. Journal of Applied Physics, 2012,

stress internal detection technology of long-distance oil and gas

pipeline and related theories.



