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Numerical Simulation and Verification of Magnetic Memory Stress
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ABSTRACT: Aiming at the lack of study on magnetic memory stress testing method, the work aims to develop a new method
for ductile iron pipelines and verify its reasonableness. Based on analytical calculations and finite element simulation, a mag-
netic memory stress testing model for ductile iron pipelines was developed. The influence of stress values and sensor lift-off on
the magnetic memory signal of the ductile iron pipelines was studied, and the model was verified by constructing an experimen-
tal platform for magnetic memory stress testing of ductile iron pipelines. The results indicated that the axial peak and the radial
zero-point positions did not shift with stress change, while the signal strength varied linearly with the increase of stress. The
magnetic memory signal of the ductile iron pipelines exponentially decayed with the increase in lift-off. Within the range of 2.5
to 4 mm, the decay was approximately linear with minimal signal fluctuation, which was suitable for signal acquisition. The re-

sults from both methods are in good agreement. The outcomes from the magnetic memory stress testing experimental platform
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align well with the mathematical simulation calculations, validating the numerical rationality of the two magnetic memory stress

testing models established based on analytical calculations and finite element simulation.

KEY WORDS: ductile iron; pipeline; stress detection; magnetic memory; numerical research; finite element simulation; mag-

netic signal
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Fig.1 Magnetomechanics curve of ductile iron pipeline
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Fig.3 Experimental device and equipment: a) WAW-2000 external force loading device;
b) magnetic memory signal acquisition device
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Fig.5 Analytical diagram of magnetic memory signal of ductile iron pipeline under different removal values:

a) tangential direction; b) normal direction
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Fig.6 Magnetic memory signal transmission characteristics of ductile iron pipeline: a) tangential direction; b) normal direction
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Fig.8 Simulation calculation of magnetic memory signal of ductile iron pipeline under different stresses:
a) tangential direction; b) normal direction

3.3 BREHHREEMICIZN NN SEIEIEHIE

H R AR REICAZAR 5 5 0 B g i 4 Bk A 95 kA
1B IR RIS IR SRR, Ank 11a Bk [6]
I U] 1) 5 3k 1) W T, 22 o) S R A I MO REIC 12
AR AlE ERER A i o I 1 S N R LS P NN S|

lla AJLUE ), BREBGHERAE B M REICAZ N TR =

FEVI ) BAFAEVEME, 77k ) DAFAR G S, Had 2,
Y] ] WAL A [ W G (B 457 T 45 B 5 1Y) 76~89 mim,
RS2 TR S e eboor 8 IR 11b RT 0L, B 1
FIBEIN, BT 5 9 1) o) 06 {75 ] 0 0 (e 34
Ko UL R, BRESEERAT T RETCAZ 0 7 R 5



F21dk T U, . BRARBAEE AT ISR A TN A AU R B8 IE BT Y - 169 -

N

5000 3000

, | 4000 3 2000 %

! ‘ g i

7 | 3000 2 o &

7 /| 2000 ¥ oo B

i | / “‘ ‘\‘ 000 E T 2000 E

7 | ‘ 1000 & 1-3000 *
” 1 0 1

T
y
A

3 3§
e S/ &
R 5 & 5 &
L L L L / L L L L 6 1 1 1 1 1 L L L 6
—-80 -60 -40-20 0 20 40 60 80 -80 -60 —40 -20 0 20 40 60 80
HHEERY/mm HHFE R /mm
a da b [

K9 Al FE B (H T Bk gk iC A2 5 505 Ht 5
Fig.9 Simulation calculation of magnetic memory signal of ductile iron pipeline under different removal values:
a) tangential direction; b) normal direction
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Fig.10 Magnetic memory signal transmission characteristics of ductile iron pipeline: a) tangential direction; b) normal direction

7 000 + —-—{j]rqﬁ}%
| —e A
; 6000 |-
(AT e 5000|
=
ul
= % 4000}
N /
2 30 e O 3000}
X o
iz — |
S 2000
I-H 1 1 1 1
1000 L
& 20 40 60 80 0 10 20 30 40 50 60 70 80
I IE B /mm R 1/KN
a KrIRRAE b SR

Bl 11 BREEFFEAE LR

Fig.11 Experimental characteristics of ductile iron pipeline: a) detection characteristics; b) magnetic curve



- 170 - kO W B TR

2024 47 A

B 15 B9S2 50 45 2R 5 B MR Ry B B A ARG
i — 2k

4 g

AR SO A R AT SO R AT BRIT T
HESL T 2 TSR] B Bk A F R O A2 B RIS A, i
T BE AT 551 L 77 (4 (X Bk 28 5 Bk i i
T2AG S WY, 38 i o U 1) A0k 1] i g2 A5 5
FEAES AR IR T X SEA R 255 PR AR F AT IE REIC 12
I SR SR 5 B SE S, A5 H LU R 458

1) FETHEPEfR AT 5 A0 BROC Oy B3 e S 1Y
EREBFERREICAL I IR IR, 2 RERE A R0 S i
TCERBRRAE, 7 B BRI RS R B 5

2) gl ey WAL R i) 2 RS T I ) AR AR A K
A R% , {55 5 B RN EIE N 2 Al . PR A
YA I RLICAZAE 5 RO B A0 3 hn S 1 RO, AE
2.5~4 mm W, SEEEREBIMELNE, {53
BN,

3 ) BAE AL UIT B8 RS B 7 g G 0 S 6 45 2L A ED
Uk, RIVBk S8 56 BRAIE AL 5 1) D) ) L RO REICAZ AR5 5
JEARAG B FIE ALY, Bk T AT AT TR AT BR T
HENLHY 2 FPREICAZ R ) RS A K 5 B

SRk :

(1] Z5f, BRECR), SO, 2. Khamih U aE s i 5

HESCIT R I AR ZRIR )], IR IREH, 2016, 37(8):
1747-1760.
LIJ, CHEN S L, HUANG X J, et al. Review of Leakage
Monitoring and Quasi Real-Time Detection Technologies
for Long Gas & Oil Pipelines[J]. Chinese Journal of Sci-
entific Instrument, 2016, 37(8): 1747-1760.

(2] BedE, BESC KT, SF. BROKA A IR R

SCRBE T B IT )], BB TR, 2020, 17(10):
50-56.
HOU J, LIANG Q W, ZHANG Y, et al. Simulation Study
on Influencing Factors of Sacrificial Anode Cathodic
Protection Effect of Oil Pipeline of Lingshui Platform[J].
Equipment Environmental Engineering, 2020, 17(10):
50-56.

(31 ZEnbuk, whlEDR, w2, &5 BT IRaE I K

i T A A L O 7 R D). AT A B A SR,
2021, 48(5): 430-435.
LI Y B, YAO G B, GUO Z H, et al. Tracking and Posi-
tioning Method for Long Distance Pipeline Pig Based on
Optical Fiber Vibration Sensor[J]. Control and Instru-
ments in Chemical Industry, 2021, 48(5): 430-435.

[4] LANGMAN R. Measurement of the Mechanical Stress in
Mild Steel by Means of Rotation of Magnetic Field
Strength[J]. NDT International, 1981, 14(5): 255-262.

(51  kkEa, 2, iR, . BIE S TR XU R

[10]

[11]

[12]

[13]

[14]

[15]

[16]

I EFFE[I]. BT TR, 2023, 20(3): 132-140.
MENG X Y, LI L, LI X Q, et al. Identification Method of
AC Interference Corrosion Risk of Pipeline[J]. Equipment
Environmental Engineering, 2023, 20(3): 132-140.

KFE, CRUET. SRR P S I 535 1) IO FH R &
[J]. PR, 2009, 29(5): 76-79.

ZHU D, ZENG X S. Application of Ultrasonic Test to
Iron Castings and Its Development[J]. Modern Cast Iron,
2009, 29(5): 76-79.

DOUBOV A. Screening of Weld Quality Using the Mag-
netic Metal Memory Effect[J]. Welding in the World,
1998, 41(3): 196-199.

DOUBOV A. Diagnostics of Metal Items and Equipment
by Means of Metal Magnetic Memory[C]// NDT'99 and
UK Corrosion'99 Conference. Poole: [s. n.], 1999.
MAKAR J M, TANNER B K. The Effect of Stresses Ap-
proaching and Exceeding the Yield Point on the Magnetic
Properties of High Strength Pearlitic Steels[J]. NDT & E
International, 1998, 31(2): 117-127.

NOTOIT A, HAYAKAWA M, SAITO A. Strain-Magnetiz-
ation Properties and Domain Structure Change of Silicon
Steel Sheets Due to Plastic Stress[J]. IEEE Transactions
on Magnetics, 2000, 36(5): 3074- 3077.

JILES D C, ATHERTON D L. Theory of the Magnetisa-
tion Process in Ferromagnets and Its Application to the
Magnetomechanical Effect[J]. Journal of Physics D: Ap-
plied Physics, 1984, 17(6): 1265-1281.

JILES D C, ATHERTON D L. Theory of Ferromagnetic
Hysteresis[J]. Journal of Magnetism and Magnetic Mate-
rials, 1986, 61(1/2): 48-60.

JILES D C. Theory of the Magnetomechanical Effect[J].
Journal of Physics D Applied Physics, 1995, 28(8):
1537-1546.

SCHNEIDER C S. Anisotropic Cooperative Theory of
Coaxial Ferromagnetoelasticity[J]. Physica B: Condensed
Matter, 2004, 343(1/2/3/4): 65-74.

SCHNEIDER C S. Effect of Stress on the Shape of Fer-
romagnetic Hysteresis Loops[J]. 2005, 97(10): 10E503.
SMITH R C, DAPINO M J, BRAUN T R, et al. A Ho-
mogenized Energy Framework for Ferromagnetic Hys-
teresis[J]. IEEE Transactions on Magnetics, 2006, 42(7):
1747-1769.

WL, EIEE, AR, 5F SIRRGCACEOR I BERT S
[J]. THJ1%%, 2011, 28(9): 218-222.

YAO K, WANG Z D, DENG B, et al. Numerical Study on
Metal Magnetic Memory Technique[J]. Engineering Me-
chanics, 2011, 28(9): 218-222.

DUBOV A A. Estimating the Service Life of Thermal
Power Equipment in Accordance with the New National
Standard[J]. Thermal Engineering, 2011, 58(11): 957-961.
DUBOV A A. Development of a Metal Magnetic Memory
Method[J]. Chemical and Petroleum Engineering, 2012,
47(11): 837-839.

TER AR, EARTE, ROl BBUERBA RGN i



F218% £71H

T FHE,

S5 BRABFRERATIE REIC LI ) A Y KAL) S S0 e A 5 <171 -

(21]

(23]

IRHEST[I]. TCHAGI, 2005, 27(8): 409-411.

REN J L, WANG D S, SONG K. Experimental Study on
the Magnetic Memory Effect of Typical Ferromagnetic
Items[J]. Nondestructive Testing Technologying, 2005,
27(8): 409-411.

TR, BRI, ROl BRGNP R W
FE[J]. TCHREI, 2006, 28(6): 292-295.

REN J L, CHEN X, SONG K. Study on the Influencing
Factors of Metal Magnetic Memory Effect of Metallic
Structures[J]. Nondestructive Testing, 2006, 28(6):
292-295.

POANG, ZEPETT, e T, A5 HUREAEUR T RN T
G3 A B RERT N J5 1k (0], T SR 2= R (A R BFE D,
2002, 42(11): 1426-1428.

HUANG S L, LI L M, SHI K R, et al. Magnetic Testing
Method of Residual Stress Distribution by Geomagnetic
Excitation[J]. Journal of Tsinghua University (Science
and Technology), 2002, 42(11): 1426-1428.

HUANG S L, LI L M, SHI K R, et al. Magnetic Field

[24]

[25]

[26]

Properties Caused by Stress Concentration[J]. Journal of
Central South University of Technology, 2004, 11(1):
23-26.

LI'Y F, ZENG X G, WEI L M, et al. Characterizations of
Damage-Induced Magnetization for X80 Pipeline Steel by
Metal Magnetic Memory Testing[J]. International Journal
of Applied Electromagnetics and Mechanics, 2017, 54(1):
23-35.

HEF, 27, SRRty N BN NI JED]. A
f#i5, 2023, 42(5): 542-549.

TIAN Y, LUO N. Internal Detection of Pipeline Stress
under Strong and Weak Magnetic Field[J]. Oil & Gas
Storage and Transportation, 2023, 42(5): 542-549.
FOLME, EPEE, B, 5. EIEN IS BRI
Rt SiRER[T]. MSAHIE, 2023, 42(10): 1149- 1157.
QIGF LI XY, TANG X, et al. Design and Experimental
Research of Pipeline Stress Measurement System Based
on Alternating Current Field[J]. Oil & Gas Storage and
Transportation, 2023, 42(10): 1149-1157.



