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Fig. 1. (Color online) Classification of defects with POF spec.
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Fig. 2. (Color online) Diagram of the MFL testing method.
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Fig. 5. (Color online) Demagnetization curve of the NdFeB magnet.
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Fig. 6. (Color online) Design of CMFL PIG magnetizer.
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Fig. 7. (Color online) CMFL PIG one bed system; (8) Diagram of one
bed system, (b) Structure of one bed system.
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Fig. 9. (Color online) Sensor module in one bed system.
XIS UeRic,

IV. CMFL PIGS| XA &=

13X REIQAME 0|25t XA 2= s

Maavel 443} B2 BgAe MeURE FAT 29
st 2.

VxH =] 1)

B=uH @

v.B=0 (©)

A7) HE A719] A7), T AF9E, p= A7) 54
&, A A7) W Tadelt A@ozie Ak A@e
W= gojg

B=VxA @
A, @5k A@E () Fad

Vx(ﬁVxK) =3 (5)

VA = V(V-A) - VxVxA ©)

()t o] At HIANA M e 2 vl
& ARgoEn AL 5 g, ol APl A8 ()

7} 2.

V(iv-z) - V-(iVK) J @

Coulomb Gauge 714 (8} #om o] 215 (7)ol 4
|3hd (99} Zt.

V-A=0 ®)

- v-(ﬁvZ} =3 )



LAT=E> AP B9 AR Al 2Eoll M SRE L - ANl - v =89 - 3% - S - He - AR -53-

PIG ZdoAe oFolA w2 Q7kE= ARl glom, =2 & o
A S aelmg A A o)st Q}Zjv =

=] A _ [Kij][uj] = [Fj] (11)
wejEkA edeth. mebd el AREE I8 00z A
gt = ok oA7IA ARk Sourcec AF-do] opd 4+ 714
Axo]7] wjol] APAe] AshE ML weisle] olelsl e R
2 45 AUk K* KY K A ¥ Jox
v (1Vz)—v i O G L T M T
_ }_J. =VxM (20) Y A, P

0z

2110y 22 AvE W82 siE ] A8l B & ojtt. o] EE 840l tidste] Al B (system matrix)s
29 o2 favle] AEAl ke Pdel, ooz e
3 A= 12x12 24 P2 (dement diffness Pipe
matrix)° 2 48 4 A Fck. JEAL A1) 2ol

-----
--------

Position

oy

20
§ 70
z
2 0
E
= 50 -
k=
éh 40
(a) 30 T T T | T
-30 -20 -10 0 10 20 30
Angle [degree]
(a)
80
©
B 70 4
§
A 60
5
= 50
k=
(b) éﬂ a0
Magnetic Flux Density [T] 0
Fg!’:’:m -30 20 -10 0 10 20 30
Angle [degree]
0 02 04 06 O0F 10 12 14 16 1% (b)

Fig. 10. (Color online) Magnetic field distribution of CMFL PIG and Fig. 11. (Color online) Magnetic field distribution at sensor position;
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Fig. 13. (Color online) Simulated and measured field with respect to
the defect LENGTH; (a) 25 mm, (b) 50 mm, (c) 70 mm.
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(c)

Fig. 17. (Color online) Simulated and Measured Field with respect to
the defect DEPTH; (a) 20 %, (b) 40 %, (c) 60 %.
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Fig. 18. (Color online) Defect signals with respect to the defect depth;
(8) FEM data, (b) sensing data.
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From among the NDT (Non-Destructive Testing) methods, the MFL (Magnetic Flux Leakage) PIG (Pipeline Inspection Gauge) is
especially suitable for testing pipelines because the pipeline has high magnetic permesbility. MFL PIG showed high performance in
detecting the metal loss and corrosions. However, MFL PIG is difficult to detect the crack which occured by exterior-interior pressure
difference in pipdines and the shape of crack is very long and narrow. Therefore, the new PIG is needed to be researched and
developed for detecting the cracks. The CMFL (Circumferentidl MF) PIG performs magnetic fields circumferentially and can
maximize the magnetic flux leakage &t the cracks. In this paper, CMFL PIG is designed and the distribution of the magnetic fields is
analyzed by using 3 dimensiona nonlinear finite element method (FEM). By Simulating and Measuring the magnetic leakage field, it

is possible to detect of axia cracks in the pipeline.

Keywords: CMFL PIG NDT (non-destructive testing), axia cracks, in-line inspection, FEM
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