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Fig. 1. Cross-section of rectangular groove under 2D
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magnetic dipole model.
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Fig. 2. (color online) Calculation results of MFL sig-

nal for a perpendicular defect by means of 2D magnetic

dipole model.
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Fig. 3. Schematic diagram of a 3D rectangular groove.

W 3, VR A = AN TR A 5 ) 57 AL AR Al
z,y, z, JFen K MR E 398 2D, D,
2D,. &SN Hy WAEETT W (FAT T X0Z 5
SRBA T R AN 0. T MFL A 4, #iik s

048102-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 66, No. 4 (2017) 048102

Ho P47 Tl d kb 2w, it s Ho 5 R
2 ]k R WA 4 (a) TS,

K4 EETTANS SRERERE
273 fif; (b) SSRGS wi (K41 H]

Fig. 4. Schematic diagram of defect and magnetizing
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field in arbitrary direction: (a) Magnetizing field and
its orthogonal decomposition; (b) impact of orthogo-

nal magnetizing field on the defect.
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Fig. 5. Magnetic field distribution of magnetic micro-

surface on transverse groove face.
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Fig. 6. Magnetic field distribution of magnetic micro-

surface on longitudinal groove face.

BN 2. MIATHT 5 AR R 5% F 0 R TR 4T — ot
o), 15 BIRE T AEAE R 15 P2, y, 2) T2 BT I
LAZ iR

zdzy, dym

D,
y /—Dm (= 2m)? + (¥ — ym)? + (2 — 2m)?]3/?’

ydzy, dym

[(.’E - xm) + (y ym) + (Z - Zm)2]3/27

(10)

(x — ) dxy, dym

0
Oz
HZ,J?<ZH1) 4“/D
0 D,
Oz
Hzy(2m) 4,‘_(/ /
HZZ(ZII] / /

EXREFEREERES (8) AL, R REEE,
ASCAFEIIN. IR, Bt Ho . X i 15
Wi, WRIRN 2 = — D, ABYIERER T A 20y = D,
AR T A . B, Ho z fEAEE AL B A

[(z — zm)?

y ym) + (Z - Zm)2]3/2'

P(x,y, z) /o= LIRS M= Hy N

HZ = [HZ,m(sz)
+[Hzy(=D:)

- HZ,z(Dz)] c €y
—Hzy(D.)]- ey

048102-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 4 (2017) 048102

+[Hz.(—D,) —Hz.(D,)]-e,. (11)

XA Ho BT 53 il 5 8RB T [0 AH S 1
AMER A& Ho x 1 Ho, 7, BB RE EELE I/ 1E52 7 7]
IR T o, Al o, W] 2 (4) AT L
[FIFE, £ 5 Pz, y, 2) W B HIsHSs / 3 Al d@
I Hyx A1 Hy 7R EARAA 2

H=Hx+Hj. (12)

W1 B AT DA Y, e A2 A 37 1) = 4 = 1] F 1k
M TR RS, AT LSRR R RS T
(A BRAS SR SR IR T2 70 A AL EE 73 A

4 RN
4.1 BRKRERES ST

N BT AR SR AT T T TR A PR R B 1 = 4
WEAR R TR, B Wit — N 2D, = 2 mm,
RED, = 2 mm [FHIE. A0 InRE1E 3% 58 B Ho
180 A-m™Y, REAL 7 1) 5wk B 7 In) o B, Rk
Mo = 90°. AR A A X T ZE u B 2000, TR
e R I I 52 B y WM 1 mm, I3 B A
BN X —20—20 mmyE H, Blz = 0 mm,
r = —20—20 mm. F|FH A SCAT A B oK R K
2D, M 1-—8 mm Ak BRI Lo IR 3 73 A, RIVEL
z = 0. 5 (3) 2ARAMEIC PR BB TR hd37 (1 25 St
tean i 7 B,

M7 AT LA, SR G S A T ) 2 B
BB I IR 3% 53 B H, AN H,, P51 5 B K 52 38 i
W, T H, S4B 2D, — oo, A SCHTR T
HEIE 2 gL TR e e A 0L K 7
Tt E SR KE, Y EKE D, > 5D, I, fiE
s b IR RS H, R H, T35 5 2 4R AR AR 7
BT S RARZ T L.

BB KE 2D, M 220 mm 2L, 8
PRAR VLB NAESRRA IE _E 5 2 77 M\ —20— 20 mm
ol B2z = 0 mm, z = —20—20 mm. A
e FIRHEA N X i, AR S Bk,

TEBE 8 1, IR 12 i 28 A P9 21 A1 50 Sl Xof
KRN 4,6, -, 20 mm HIGRFE. BT 2 4ERE4S
WA AR B A BRI A O IR, 1A 87E Z J7 1A
M aE T, B TE B 8 H R I — 4K F k.
BAR, BK B (D, > 5D,) MiR#EI% TR BT 2
YEREARNL T (B FURTE Z il i o 11356 4336 oA

N FESREE P AT) 2 S DL B R B2 T B, JF
RSN 0, AR SCHRATDGRN. Pk, 7558 B
AT, 2 GEREAR A 5B A PR 0 B i g o
()0 73 (KDL ACA, 1 SR e P 3 5.0, YO Bl Y, Hh 52
AL R, 2 ARG AN IS .

500 . . .
2DHH (a)
400} 2D.=38
b 2D, =6
= 300}
<
< \ 2D, =4
; 200}
& 2D, =2
E 100t
2D, =1

0 S : .

—100 L L
—20 —10 0 10 20
X HHAENFS 2 /mm
300 v
2D R
200 |
|
g
< 100
=
T
5 0
= —100
—200
—300 Y
—20 —10 0 10 20
X ##ENES o/ mm

7 (MTIRE) AR EEGIE 51 R RRIA I X o7 m
ARGR  (a) WHB X 58 (b) RS Y

Fig. 7. (color online) Scanning for defects of different
lengths along the z-axis: (a) X component of MFL
signal; (b) Y component of MFL signal.
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magnetizing direction: (a) X component of MFL signal;
(b) Y component of MFL signal; (¢) Z component of MFL
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Mechanism analysis of influence of surface-breaking
orientation on magnetic leakage field distribution®

Wu De-Hui Liu Zhi-Tian Wang Xiao-Hong' Su Ling-Xin

(School of Aerospace Engineering, Xiamen University, Xiamen 361005, China)
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Abstract

Magnetic flux leakage (MFL) has been widely applied to the nondestructive testing (NDT) of ferromagnetic ma-
terials due to its simple operation, low cost, and steady signal. Its defects are evaluated based on the relationship
between MFL signal and the geometrical characteristic of defect. In this paper, a three-dimensional (3D) mathematical
model is developed for the magnetic leakage field of surface-breaking defects that are arbitrarily oriented inside ferro-
magnetic material. Firstly, a finite-length rectangular slot is used as a simplified and convenient representation of a
surface-breaking defect. Then, the magnetic charge densities of slot walls in different surface-breaking orientations are
analyzed theoretically. The distribution of the magnetic leakage field can ultimately be derived by vector synthesis. Both
simulations and experiments are conducted to analyze the magnetic leakage field distributions in different magnetization
orientations. The results show that with increasing the angle between the defect orientation and the magnetic field,
the horizontal component of the leakage magnetic field increases as demonstrated by increasing the prominence of its
single peak. At the same time, however, the vertical component shows a bimodal distribution. The proposed model can
effectively describe the influence of defect orientation on MFL signals, which can offer practical guidelines for optimizing

MFL detectors and improving defect assessment.

Keywords: magnetic flux leakage, magnetic dipole, crack, surface-breaking orientation
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