e A M &

Has5k 10 Vol. 45 No. 10
2024 410 A Chinese Journal of Scientific Instrument Oct. 2024

DOLI: 10. 19650/j. cnki. ¢jsi. J2413040

ETH#ZZNEERERRZERNGERAR"

UK B I
(TRFH T KA R 5 T RSB W 110870)
B B IPATER A E AYJE ARG, A ORI T A OIS F XL BB OB ), LA R RO 48 4 %ok rEL R R R A S ) B T —
Rl T R T 1 0 A R R B AGE I D 3, A0 AT 1 AR PR B O 0 282 P L7 4 i SRR, S ) SRR TR 5 T AR AR R A Tl
07 3 I RN FRLIAL S ) 38 A G ) TR R O A AR TR UE IR ST VR 5 2R e A I i e, S AS
FEH BT R 09 Jo IR O B RSN 2% T Q345 T2 Q235 SMAF B R AP AR ACR , R AR 32 10 kHz B P R0 8044 1) Je IR
SRR J3E 4] R £ P BHLAC 1 EL A S Rtk RO D6 2R, B KA D R B850 0. 94 15 0. 87, BHACF X o Jee IR 5 8 1 R M 3 K, %
T3 % R A T e IR R I R A T AR B S e SR
SRHRRIA . Jm RO B 5 B T PRI 308 S RELC 5 A4 AR TC A A
FE S TH878 XHEARIRAD: A ERirEFR>ERE; 460. 40

Study on the electromagnetic method for measuring pipe yield strength

Jin Xinjiu, Geng Hao, Yang Lijian

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

Abstract:To assess the yield strength of in-service pipes, this paper investigates the impact of steel microstructure on mechanical
properties and its effect on electromagnetic characteristics. A method for detecting pipe yield strength using electromagnetic techniques is
proposed. The study examines how steel’s electromagnetic properties influence the impedance of a detection coil and develops a
simulation model to explore how detection frequency affects magnetic flux density and induced current. The method’s effectiveness is
validated through experiments, and the impact of temperature and surface corrosion on detection is analyzed. The results indicate that the
electromagnetic-based yield strength detection method performs effectively for Q345 and Q235 steels. At a detection frequency of 10
kHz, the yield strength of both steels shows an approximately linear relationship with the detection coil’s impedance, with Pearson
correlation coefficients of 0. 94 and 0. 87, respectively. Impedance values increase with yield strength, providing both theoretical and
experimental support for pipeline yield strength detection

Keywords :yield strength; pipeline inspection; eddy current impedance; nondestructive testing of materials
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Fig. 1 Eddy current principle diagram
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Fig.2 Colil structure diagram
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Fig. 3  Electromagnetic distribution of different frequencies

on the surface of steel plate
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(b) Tensile machine
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Fig. 6 Yield strength test equipment
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Table 1 Tensile strength and yield strength of steel plate

RS PURRE EMREREE RN PUhDRE ERGRE
F5 /MPa /MPa =2 /MPa /MPa
Al 590. 4 501.0 B1 488.6 334.2
A2 574.8 437.6 B2 487.2 340.0
A3 599.2 416.2 B3 497.8 353.2
A4 579.6 402.6 B4 488.0 334.2
AS 589.2 498.8 B5 503.8 357.4
A6 596.0 414.0 B6 496.0 349.0
A7 569. 6 383.4 B7 492.2 348.8
A8 597.4 508.2 B8 494.2 347.8
A9 583.8 402.4 B9 483.8 329.8
A10 560.0 394.0 B10 487.2 334.0
All 574.2 410. 4 B11 481.6 331.6
Al2 572.8 399.4 B12 486.0 338.8
Al3 569.8 401.8 B13 489.2 337.8
Al4 552.4 388.4 B14 486. 8 338.0
Al5 531.4 368.2 B15 480.0 330.2
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Table 2 Steel plate strength for verification

RS PURCRED RGBS MR PURORED JERGRE

5 /MPa /MPa 5 /MPa /MPa

Al6 550.2 390. 4 B16 472.6 325.4

A17 545.6 385.2 B17 471.6 326.6

A18 550. 56 426. 8 B18 479.4 336.0

Al19 549.6 400. 8 B19 476.6 337.0

A20 556.7 403. 8 B20 487.8 345.2
450

JiE A 38 /MPa
s

360 ! !
605 620 635
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B 11 Q345 MM LA B

Fig. 11  Fitting straight lines for Q345 steel
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Fig. 12 Variance of Q345 steel
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Table 3 Impedance changes with temperature

L FHBL AR L FHHT AR
/C /Q /% /C /Q /%
27 603. 041 8 — 39 608. 905 6 0.972
28 603. 749 4 0.117 40 609. 291 7 1. 036
29 604.325 3 0.212 41 609. 640 1 1. 094
30 605. 123 2 0. 345 42 610. 031 7 1. 159
31 605. 798 4 0. 457 43 610. 656 0 1.263
32 606. 746 6 0.614 44 610. 659 9 1.263
33 607. 111 4 0. 675 45 610.949 4 1.311
34 607. 456 9 0.732 46 611.099 6 1.336
35 607.911 6 0. 807 47 611.4555 1.395
36 608. 149 6 0. 847 48 612.020 9 1.489
37 608. 464 1 0. 899 49 612.634 1 1. 591
38 608. 659 6 0.932 50 613.169 8 1.679

FH BT /%

K15 AR BRI AR B

Fig. 15 The frequency impedance changes with temperature
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Fig. 16  Corrosion test of steel plate
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Table 4 Impedance change of steel plate before and

after corrosion

B /kHz  EMETESLQ  EMEES Q. B R /%
0.1 18.269 13 18.241 36 0.152
0.5 58.113 68 57.983 8 0.223

1 101. 428 10 101.194 8 0.230
5 366. 676 90 366.314 1 0. 099
10 659. 620 30 658.983 9 0. 096
50 2 580. 610 00 2 580. 546 0. 002
100 5 020. 256 00 5028.779 0.170
500 32519. 570 00 33794. 18 3.920
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