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Theory and method of data correction for multi-row sensors in MFL detection

Zhang Shizhong, Li Hongmei,Zhao Chuntian

( Failure Mechanics and Engineering Disaster Prevention, Key Laboratory of Sichuan Province ,

Sichuan University , Chengdu 610065, China)

Abstract: Due to the remarkable technical advantages, magnetic flux leakage testing (MFL) is widely used in nondestructive testing of
ferromagnetic components, especially in the field of internal inspection of oil and gas pipelines. The spatial resolution of MFL inspection
is determined by the sensor arrangement density. However, the sensor arrangement density is limited by its size, especially for single-row
sensors. Therefore, to improve the spatial resolution for the inspection, the multi-row and staggered arrangement of sensors is a simple
and feasible method. Due to the different background magnetic fields at the positions of multiple rows of sensors, the influence law of
different background magnetic fields on the detection signal is not clear. Therefore, it is necessary to carry out a theoretical analysis of
the above problems. A method is proposed to correct the detection data of multiple rows of sensors. Based on the magnetic charge theory,
the defect detection signal is divided into the superposition of the background magnetic field and the defect leakage magnetic field, and
the superposition rule of the two is given. Based on this, the method of correcting the detection data of multiple rows of sensors is
proposed. The effectiveness of the proposed method is evaluated by COMSOL simulation and experimental results.

Keywords : magnetic leakage detection; multi-row sensors; data correction

RETARR IG5 Yy 22 B i Uk a1
GARFEATRERTEEM | K R B A I b A7 78 1 ik
B H e s AT I B RE SO TR B G E )
A S A A R A B 0 R A AR K

T

0 3

AMAIRIRTE LN T 29542 K R I (14 2L

R 3k EI % A TR I AR A AR T TR B
AIMRERSI B XL A R R v 227
e —BEBREE , BREE BAFCE UM 1815 4 4 AP TE I IR E

S H 197.2023-08-15 Received Date; 2023-08-15
# FLATH WK A A 5135 H (YJ202091 ) B8 8h

HEEZEL,
BRREPEAT RN D A 5 1) 1 22 PR R, 8 iz I
TR A T T R Tk



244 % & L F ¥

a4t

RO IR S — R G T B JCAR A I B AR ) R
FE TG 0 i 45 A e 0 e 0 LR AR T Sy i
FORHREAL IS P4 BRI DI, 1 ) 2 2 Tt 31 25 <
Y s R 8 R (G R R IR A 1R ik
Je AR TN 3 15 5 R HEAT 3 A SRAT BB 1 R A A
SO RIS LA R Ry A VPR RS AR B
R G D0 245 SR A ) T R I A T 5k B IR A O R
ICH it (7 o 1 4 4 A KB T i I AT R
JSTTREARASRE O A 528, SRR WG9 17 5 2 T A
MRS 125 2 5 S5 AT (1 5 6l BT LAAS I 33
PR R M IRHEA 55 028 (8] o PR A — e PR B3
A I 45 SR RO P o S e e ARG - 2 [ 3 B3 Y
FEEEPR F R A DN 15 £ A 0 38 ] g ) B R R A AR
ST U UG R I 1 25, T A2 SR A DN B
YA AT R N AR AR BRI Y P BN RE TR A CE K
T AR R SRS U BB 19 25 1) 23 R AR, T 4E R
Bl A7 At DA 25 1Y) I 38 1 K THIR LS Ak 0 1Y
IR AR A T R D A b 0 A SR B SR Y
T A B A A T 152 5 AR T 0 38 % 7 T
Y5 s )43 % B AR RS T AR 4k 35 1] g ok T
F2 Ui B3 2 ( National Association of Corrosion Engineers,
NACE) 3¢ T8 TH 1EZ TCA0UR I b o, A6z 00038 1 22 [1] £ 1]
FRAE 8~ 17 mm ] 2 /5 T T2 T 702 G 00 A5 A 00 2 114
HARAGHR FE— TR 7 v A FH 380 04 T A0 142 45, 3L
RS0 A 2 6] A e /ANRTEE R 7.5 mm Y 3 UAR B
T B G I A 1 4 Je R0 38 3 2 ) %) [ B8 — 250/ N
LAY e 1 T T A D 3,

1 T R 1 s A DU 5 2 [ A W ) B R R %
AR RS, o T B HE A 00 A% e ) R 25 32 A5 SR AR AR
B RS 122 2 v 6 9% BRI G 10 3 18 =[] # [1] AN BB I
BRI/ PRI, G SR AR S TR A% e RO I BR ), 75 2R
HZH AT 0, SRR T 3 HEE R
S HE A 1 05 2 LA SR AT B R s (8] 20 B R 0 e R 3 15
S AR T HEG AR R R HE A B U R R AT AR
FR Ak B L B AR, AT SR I8 A AN R, BN R)H5 503
XA 5 A 52 e ML o5 AS T AT, IR I 5% % DL (i)
PEAT PRI 3T, I 25 T 4 0T 22 HE 2 a2 e 00 A5 40
ITBIER .

BT, O T S WAL B AR B ROT R BR 1, 3R A5
TR S () 43 B R 0 U WG 9 15 9, AR WF 90 0k T far 3
W, BRI b o3 B 1 52 i 22 HE AR R A T A 5 Y
R P T APz ) ) BEOS AR R AUE I 2 HEAL A
Rl A5 = 0 7 . IR A RoTB 1 H — R4k b
5[] gy 4 A1 1) A% SRS A DU A 5 DA 36 TE B 12 43 B 45
SR ERAE O 8 T I IR T T R G £ HE AR A R
DA 548 T 7 125 19 A R

1 B 5EUSH

1.1 B

T A 1o 7 5 BE XA AT RE A, 12 SE PR T AR
RN A5 BEA T — U I AN S 2ha AT L A B I
A U8 R K RE A, Kk R A B B IR 37, 22 ek B
AR E I P 5 1T, AR % A B9, A6 00 Xk 5 1)
TR AT (AR5 Y el T ) 23 A7 IE ARG AT AR R 12
SRR AL TR i T 22 18], 12 JERie 1 TG B B DX 00 515 5
B e A i AR SR ) T S A AR B S SR
WP 1R I EAR X RIA AR B I, 7E A3 9 4
FATE, il B b a2 BB IE SR for DT 7 A= T 0 , 40
2 i,

itk —

1 I R D P ( Tk )

Fig. 1 Magnetic flux leakage detection schematic (no defects)
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Fig.2 Magnetic flux leakage detection

schematic (including defects)
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Fig. 3 Magnetic flux leakage detection model
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Table 1 Simulation model parameter table

e iE=) HUE/mm

I G4 A AL R M, (=70,1,70)

BT SR A b S, (-50,5,50)
P8 - 1

A5 IR R A5 Y el B 3R o B R R
BCE AR PERTRHE 1, B AT A5 AN 15 Bk B4 T 1 A6 ) 45
B, HZARIEAUL D BT R LI B A b A R A i e
TEJCHR A DX I AT 19 F5 S/, 75 St AN R 7r 4 B, 1Y)
TRAER I 4 Fr7s o R F LA SR rp i 55 ok )
FORHE B B S U A, T 3RAT 5 Bk e A T A6 D) 45
Ro B4 R TR BB  BEE A B T 2E, AR

e TS DM 5 P 5 o s 37 — il OB ADL G 2R P e
HELAE T/ 115 5 e th BB 5 R AY

HIEl 5 R, BEE REARASIN 5% A9 FS 2l | A TR 007 14 1%
TS P i MU I 51 S5k B T W 0155, R A BB
SEMAR DR, 2 M, —5E % S, IAEAL, B, 1 By B4
A B B AT AR, X 518 4 FTR B9 SRS
TR A UL 1 I I A% SRR 7 TG B 5 DX
M55 EEA TR B, o HATREE /4T T, A
TICHRRE DI, A EAS A 22 BRI I Tl 5 5 B s 5
W% B, MBEEINESS B, W sr4be S mining, 718 5
WS, —E BEE M, BRI S e B A
W BRS84S T HEXF e X I £ 5 22 e M 2
W RGP T B AT I B4 sk e G 5 B4
i - W Spp >, LALER R RIS 5L G T, Spp /2 15 23 7%
o R AN T A ARG 75 194 =l 0 ) G - 0



246 owm oW o% ¥ %44 %
4 s -
-5
2 —A—B x//n
i _—
g =B, B,v -— e
q 0 . e —— o
/rﬂ//k,*—‘;
o -
20 1 1 L 1 L I I 1 ]
-50 -40 -30 -20 -10 0 10 20 30 40 50

S /mm

-70 -60 -50 -40 -30 -20 -10

50

S /mm

S /mm

-70 -60 -50 -40 -30 -20 -10

S /mm
K4 W AR T G o
Fig.4 Observation path background magnetic field component
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Fig.5 Simulated scan results
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Fig. 6 Comparison of detection signal peak-peak value and deviation at different measuring points
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Fig.7 Multi-row sensor layout and numbering diagram
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