Fa3E Fa4W 2 I £ O Vol. 43 No. 4

2022 4F 4 H Chinese Journal of Scientific Instrument Apr. 2022

DOI: 10. 19650/]j. cnki. c¢jsi. J2209435

S A U 7 o S 51 B B E A 5 R 5

oo R R EERK
(LIEH TR E RSB TR 1108705 2. JGEH T RS2 TP A8 BEFE ] S LI BOT WA iR s Kk 116024)

NSRBI UX SR X B A A TR R A T H R — T gl A T U A v e AR e R A T P S BE
BB 0 78 2 DX 43 0 ik, R IR T 75 S MG S R 5 VE T A BE R 3% 15 5 B AR AR 25 AR AE IX A3 RGO B, 1 S|l 7 v i
RSB 2T AT T 308 8 0 A R 2 DL IR TG 3 5 A MG A R A VR AR R A R T vk T A oA Rl 7 B, R R
TR X457 T8 PN ANEE R AL IR S R ) B P A1 BE i B T W4 5 25 SRR AE 5 R0 ms TR A DU S 30 - 15, KPR [R)38 A 73 3 L S ) A
7 B AR AE PN AMBE I IX 3 SSOR AT SE IR IS . AR ER W HER e AL SR o BT A RE N 7 A I TR TG T 1) B A T AN EERE Y
Ty 1 AH ] 5458 N RERG S 7 1n R B, 16 B T AL 26 B0 B IR TGS 5 v 5 48 TE AMRERE 37 D7 nI AR R 5T N RERE S 5 nl AH
[7i] 5 A (R ASE Ao Ak | A7 BE 10 37 78 AV R R s, LR B AR P A RSS2 5 IR B K, IN AN BE IR R 3 (55 25 S R i )
{R ARG B AT A O A5 T PN AMRE B A T E A DX A, SE AR 2 SRR FR S e BT HLA ARG i — B

KB UL TR AR 5 = A 5 A5 FR Tl B RE IR A 5 /MBS

hE %S, TH878 TMI153. 1 XERFRIRAG: A E RKirEZR LR 460.40

Study on the defect location method of inner and outer wall of pipeline
during high-speed magnetic flux leakage testing
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Abstract: The effective differentiation of pipe inner and outer wall defects is the premise of effective quantification of defects. A method
of locating and distinguishing pipe inner and outer wall defects in high-speed magnetic flux leakage detection based on dynamic eddy
current is proposed. In this method, the defect location is distinguished by the variation characteristics of magnetic field signals in inner
and outer walls when the eddy current magnetic field and external magnetic field are coupled. Firstly, the mathematical model of high-
speed magnetic flux leakage detection is established, and the eddy current distribution characteristics and the coupling law of eddy
current magnetic field and external magnetic field are analyzed. By using the method of finite element analysis, the influence of coupling
action law on the magnetization state of the inner and outer wall and the different characteristics of magnetic leakage signal of inner and
outer wall defects at different positions are calculated. A high-speed magnetic flux leakage test platform is designed, and the effect of
defect discrimination on the inner and outer wall of steel pipe at different running speeds and detection positions is studied
experimentally. Results show that when the pipe enters the position of magnetized coil, the direction of the eddy current magnetic field is
the same as that of the outer wall of the pipe. But it is opposite to that of the inner wall of the pipe. When the pipe leaves the position
of the magnetized coil, the direction of the eddy current magnetic field is the same as that of the inner wall of the pipe, but opposite to
that of the outer wall of the pipe. At different detection positions, the variation law of pipe wall magnetic field is obviously opposite, and
with the increase of detection speed, the magnetization state is affected more obviously, and the more obvious the difference of magnetic

leakage signals between inner and outer walls. High-speed detection can effectively locate and distinguish the defects of the inner and
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outer wall of the pipe. The experiment results and theoretical analysis have very good consistency.

Keywords : magnetic flux leakaage testing; eddy current effect; high-speed testing; finite element simulation; magnetic coupling; Inner

and outer wall defect
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Fig. 1 Schematic diagram of outside pipeline inspection
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Fig. 5 Schematic diagram of defect leakage field generation
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Fig.3 Characteristic state diagram of eddy current

distribution during testing

2.2 RIRESHSIMNEEIFIRE (ERSE

P22 5 5 R AR SC IS T A1, B P o A TR I SR
o7 R TR , DTN 457 B R A P R A R L P Tl A
ORI AR A RE IR TR H, v AR

Mo (I Xr
7= 4; E

A, v FORERE LI AR AE 0 I r SR I T RE Y A
B A Il

TR R B A ) L R 2 TR TG S RS R
PEAERZIT X, 4R FNBE b R i W 35 g 3 TR 1), 4R
BEAD IR TG 55 A Mg S I 1), S B 287 48 8 A/1MRE RN
BE AT SO 53 R

H =H, +H, (10)

H,=H,-H, (11)
s B ORI H, 5390 R 330 XA 0 A/IMEE RIS 3 P B Ak
H G s H ) R X R 1 MRS s ], 4k
X ikE .

7 B DX, A FBE AL iR R 3 5 A i I ), 4N
B P EEAN IR TR I 5 AN 3 TR) ), S in 28 7 4 1 A g
FTPBE AT UG5 53 ) 3

H, =H) -H/, (12)

H, =H| +H/, (13)
s | RTHY 43 5] 3 B X A5 T8 A INBE RIS T8 PN BE Ak i
HRHE s HY) e 25 IX 2P 7= A I AN g s HY, Rz 2
X ikE .

R IR IL 4 A 5 1) T 0068 i i 3 0 A R AE A0 [ 4
FiR

FRE (10) FN(12) WL, $230T X R B X1 45 36 A
BERE I ZEAE AH, N, R X AMNBEBREE | 457 F B TP IX AV
AR IR IN 2 1 B s 0 9 15 5 e (5 5 0 /N T
FHER XA B AR B R (55 = (1) Fn(13) )
AT, BT IXORNZE 75 X Y 5 O P BERE 37 2218 AH, A IE,
U ARSI A% SRR o SIS 23T DX R T DX A 715 5 A

dv (9)

Kl 4 R RES oA AL
Fig.4 Characteristic state diagram of eddy current magnetic

field distribution

TR, A RS A DN 1) 14 A7 3 P BE I s b T 0 15 5 5
T 38 3 B AN [ ARG 0 37 5 A ke s s 320 435 5 A R 22
1, mT LA A I N SNREBR B T 20X )

3 WS RREFIERES T

A BRIC A 75k — 200 8 o o s T A D) i
FR S AR TS T ASORL X T AE I A AMRE SIS ) 7 DX AT K
PRI A4, R SCRI T Ansoft HL G A BROTHT ELAR PR 21
AR EA T ELIFST , N7 ) O AR 5 B o AL 2k Bl AN
RIS I 2 A, AR AN ] £ B SR A T4 1 R b 19 i3
BB EUBA PR N HU R E N 1. 0x107 A/m” A TE Al
2R R A RSB AN 5 i

;00 mm
OOODOO
OOOPOO)
160 mm 100 mm J 10 mm
[ ]
800 mm somm 1 x

K5 P EERR R

Fig.5 Schematic diagram of simulation model
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Fig. 6 Magnetic field characteristics of pipe wall
at different speeds
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