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Research on MFL PIG Design for the Inspection
of Underground Gas Pipeline
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Abstract This paper describes the magnetic flux leakage(MFL) type non-destructive testing(NDT) system to detect
the 3D defects in underground gas pipe. Magnetic systems with permanent magnets and yokes are analyzed by 3D
non-lineal finite element method(FEM) with optimum design. In case of under-saturation of gas pipe, sensing signals
are too weak to detect. In case of over-saturation, the changes of the sensing signals are too low to detect the defects
sensitively. So, the operating points of the magnetic system are optimized to increase the changes of the MFL signals.
The effects of the depth and size of the defects on the sensing signals are analyzed to define the range and resolution
of the MFL sensors. To increase the sensor’s sensitivity, the back-yoke sensors are introduced and tested.
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Fig. 1 Magnetic flux with defect in gas pipeline
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Fig. 2 The Magnetic saturation curves
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Fig. 7 Analysis of MFL PIG by 2D/ 3D FEM
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Table 1 Magnelic flux densities inside the gas pipe in
3D nonlinear analysis

=
Pipe | Brush | Yoke |Magnet| Back Yoke

2=l
FRE
1 15747 |1 0.1353 | 04258 | 0.7982 | 1.5450

2 1.6403 | 0.2136 | 04631 | 08110 | 1.5937
3 1.6788 | 0.2640 | 05188 [ 0.8188 | 1.6223
5 1.7214 | 0.3246 | 0.5606 | 0.8280 1.6546
10 1.7661 | 0.3002 | 0.6048 | 0.8381 | 1.6880
20 17871 [ 04313 [ 06335 | 08448 | 1.7099
50 1.8061 | 04553 [ 0.6544 [ 08496 | 1.7256
100 . | 1.8135|04500 | 06645 (08515 17318
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Fig. 9 Analysis of MFL PIG without defect

Fig. 10 Analysis of MFL PIG with defect

ja

B[T]

a
a
A
A
A
A
»
-
A

—o—defect 10%
e defect 50%
A defect 90% |
-0.12 + .
-0.07 -0.035 [} 0.035 0.07
Y3 [m]
\

(a) Bx (Radial Component)

—=—defect 10%
‘.A —defect 50%
Y a defect 80%
Ty

s

7y

-0.12
Y& [m]

(b) By (Axial component)

Fig. 11 MFL PIG signals according o defect depth



182 2gE, s

4.4. MFL PIGe| Z& A7)0l e siM Zxt

Fig. 12+ A3 Reol Fig 132 Zge] Z7)o|
]

2 42sjolth. Aol Zol7t AHstn Ao Aol

h BN s Fol S7jes Agel 2ot U
Sm AP Bo) TN A Wk FARE ¢ F =
oy -
90 o AakE WAL Sl o Bl @ @ :
]
Oo ,2_ %_!' T M‘:]' % :
Y . REISIEE-N
. » w 113t ZEA
u - St ZEAL
— 303t A
01 . S
~0.07 -0.035 0 0.035 0.07
Y& [m]

(a) Bx (Radial component)

(a) defect 1t=1t 0.06 .

o Itxit ZEA|
w 03t ZEAl
-m- 31t 2EA|
f—3tx3t ZEA|

B [T]

(b} defect 13t

-0.06 -

(b} By (Axial component)

u Fig. 13 MFL PIG signals according to the defect

{c) defect 3tx1t
4.5, MFL PIGS| HAM ol mE HE

v 3 MFL PIG®] 4l Hh2 17hel 3700 EA4IK7F &
i " ok Zh7ke) AAE 37hx wEem AR 3

b £ ol 37k4 Wkl thsted 2izol
H AJBe s2lskr) Fig, 14, Fig 15, Fig 16& 3714
o] AT E 33y aHZe vehiden, onxE §

AA A% A7)E 525 X 525[mmlold 2

o] Zlol: WPl oA ojulA FAF AT A4

Q) 5

2
z lof -

(d) defect 3t:3t

Fig. 12 Type of defect by size



v A e A 22 A A 2 & (20024 49) 183

- (a) Axial components of MFL (a) Radial components of MFL

(b) MFL signals of radial component

(¢} MFL image of axial component (¢} MFL image of radial component

Fig. 14 Analysis of MFL signals by axial component Fig. 15 Analysis of MFL signals by radial component
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