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Novel MFL method for pipeline crack no blind spot detection
using composite excitation
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Abstract ; Pipelines are the critical components in oil and gas industry, axial cracks caused by stress corrosion and fatigue damage are the
hidden danger of pipeline safe operation. The conventional magnetic flux leakage (MFL) detection technique is inadequate for accurately
detecting the narrow axial crack in pipeline and forms detection blind region. In this paper, a new MFL detection method capable of
simultaneously detecting both axial and circumferential defects is proposed utilizing DC-AC composite excitation. Firstly, the measured
pipe wall is magnetized by DC-AC compound magnetic field using a U-shaped yoke. The DC magnetic field is directly acted on the
circumferential crack and generates effective MFL detection signal. The AC magnetic field generates a uniform eddy current field
perpendicular to the magnetization direction inside the pipe wall. When the eddy current field is disturbed by the axial crack, a
secondary induced magnetic field is generated. Through detecting the surface magnetic flux leakage and secondary induced magnetic
field, the new method can obtain the axial and circumferential crack detection capability simultaneously. Both simulations and
experiments were conducted, the distributions of the magnetizing field, eddy current field and secondary induced magnetic field acting on
the axial and circumferential cracks were analyzed. The results show that the proposed new method can detect both axial and
circumferential cracks effectively with one pass scanning, the pipeline crack no blind spot detection is achieved.
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Fig.1 3D approximate model of rectangular groove

for pipeline axial crack

RITEFRIR 43 3 SRR X-Y-Z3 N IER 1)
MRS 43514 2D, D, F1 2D, [ EFERL EHEN X B
() 7 e R H 1,

RHENGERE LN EEEN o . BRI
AR FAREERE, o WEUERTES TR .

D/L +1

o= 5.3(.___1)/([#) - I)Ho (1)
N p AMEHMEN SR, H, DIMNESRE, LA
SRPaFERAL T 1M R KB, X F R ML L = D, T
MFME#ML =D,

mx FEE -T2 R FHA Px,y,2) , B X
ERL 12 ] PR =R B TR, AT E RS X #4
BH:

H =H(x-D,) -H(x+D,) (2)
KH: H, (1) Fom X BIE AR WS A

_ o 4 (y+Dy)(z +D,)
H.(2) = 4Tr(tan t[# +(y+D)* +(z+D,)*]” -

o y(z + D,)
t[f +9 + (z2+ D))" -

o (y+D,)(z-D)) N
(& +(y+D)* +(z~D,)*]"”

o y(z-D,)
fan i +y + (z —Dz)z]”) (3)

tan

tan




103

RfEe F AR SHAINTE R E BRSO IHTy 5 2261

[FI3E, A AE 20 b rtim Z B (Bl 1)) O 1) RO Ak
Y Y AR B LR . ARIE SCER[12],
FRE AT T m R ALY , IR G Z B oR
H =H(z-D,) -H(z+D,) (4)
K H,(1) FT/R Z E AR E RS
H () = (tan‘ 2 (y+Dy)2(x+Dx) 2712
4m tft" +(y +D)" + (x +D,)*]
tan ™ y(x +D,) _
t( +y + (% +D,)*]7"
W GaD)-D)
t{ +(y+D )2 +(x-D)*]"
-1 y(x -D,)
t[e +9 +(x—D)]‘”) (3)
A RNERFE- "B, KE 2D, =
20 mm, FEHE 2D, =2 mm, HE D, =2 mm B, S
BEAL IR E Hy B 200 Am ™' G MM RE B 3w B
2 000, 433 % i 0 A (e REAL X IZ BT MFL 48,
PEREE | mm, EHE ¢ B -20 ~20 mm, FIHK
(3) F1(5) W4 BT B PR REAL T 18] T IR #E 3 1 K7 4
5, AR 2 fim .

500 1

tan

tan

4007 H (AL

WAL TS T R/ Am !
™ [
S =3
S 1S3

—_
(=3
o

H(%ﬁﬁéﬁ‘rh)
0 - ,// S el T

~100 L L L '
=20 -10 0 10 20
BEAL 75 17 A28 /mm

B2 HOIEARBEATT T HK RS S

Fig.2 The distribution of horizontal leakage magnetic

field for the crack under different magnetization

directions
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Fig.3 Detecting structure topology of the new method
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Fig.6 Principle diagram of the signal processing for composite excitation in the new method
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Fig.7 MFL simulation model using composite excitation
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