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An analytical model of electromagnetic stress detection for pipeline
based on magneto-mechanical coupling model

Yang Lijian, Zheng Fuyin, Gao Songwei, Huang Ping, Bai Shi

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

Abstract : Aiming at the pipeline stress detection and quantitative research, a pipeline stress detection method based on electromagnetic
detection principle is proposed. Based on the J-A model and molecular current theory, a mechanical magnetic coupling model of the pipe
is formulated. Combined with the magnetization curve of ferromagnetic materials under non-hysteresis condition, the influence of external
magnetic field and stress on the magnetic field of the pipe wall in the magnetization direction is calculated by using the mathematical
model, and a systematic experimental study is carried out. Results show that with the increase of the stress intensity, the electromagnetic
stress detection signal of the pipeline increases firstly. Then, the magnetization direction decreases ( the direction of change is
reversed ). There is a linear relationship before and after the flip point. However, when the rate of magnetic signal changes, the magneto
dynamic sensitivity changes with the increase of external magnetic field. When the magnetization curve is at magnetic saturation
('magnetic field intensity is greater than 20 KA/m) , the stress has little effect on the magnetization of ferromagnetic materials. When the
magnetic field intensity is about 5 000 A/m, the stress has more significant effect on the magnetization.

Keywords : molecular current theory; mechanical and magnetic coupling; electromagnetic stress detection; magnetization curve
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Fig. 1 Space magnetic field produced by semi-infinite solenoid
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Fig.2 3D mechanical and magnetic coupling model of pipeline
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Fig. 3  Electromagnetic stress detection system
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electromagnetic stress detection system
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Fig.5 Magnetization loop of pipe wall under different stress
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Table 1 Magnetization of pipeline magnetization area

under different stresses

I 1t/ MPa WAL IR AR/ (A-m ™)
0 1 298 969
50 1322 315
100 1 240 380
150 958 065
200 593 914
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electromagnetic stress detection system under different stresses

T A5 % PR I, ) G 3R e RS 55 AR (B 1 2 5
WNE RN AR, M AN 5 000 A/m B 6
BESZ B 1K/ 0~200 MPa( [A]FE 20 MPa) , 3945 f54%2
FHCo A FL R O ) G DU 2R e A DS 5 1 1 7 e
wE 7 B,

0.6 -
> 05F
o
&
Eﬂf’ 04
i
=
# 03
02
| | | | | |
0 50 100 150 200
BTN S E/MPa
B 7 AR T 2 B AR TP s %) H R R
RGRME5A RE b

Fig. 7 Change trend of effective value of detection signal of
electromagnetic stress detection system at the center

of scanning path under different stresses
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Fig. 9 Magnetization curve of Q235 under different stresses
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