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Research on MFL PIG Design for caustic and defect the
Inspection of Underground Gas Pipeline
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Abstract This maper describes the magnetic flux leakage(MFL) type non-destructive testing(NDT) system to detect
the 3D Aof cts : 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.

Keyword: MFL(magnetic flux leakage), MFL PIG, operating point, FEM(finte element analysis)

1.ME

Ast BE 5 vidd RES ANE gAlE A
2 F wige A%e FARES AUd PIGE
Highe] fA] Bare] Al Aulzt HAch

A AMEE I Y PIGE 4% uat utility PIGS}H
inspection PIGZ 88 = 9129, inspection PIG=
vl 9] et &Kol dent, metal loss $)& &
A7l A% PIGE 9wishy &x=o wal geometry
PIG, MFL (magnetic flux leakage) PIG, ultrasonic PIG
o2 FEE 4 gitl]

MFL PIGE 7h2#e] 24 502 g ZgS
g9z FEdhs YHoR2-6], o Wy 2w
83¢ ATPAYE o8t AIA e TEX

o] 7lATe HA3] ¥ F AFoE s oA
e FAAELS FTANE o)83ld HEHTL mEA
M9 A% X A|xsE mesl dAs
oo} gy

B =Re g7ag 238 PAHE AN 2ES
e aHe o83t ArEs FHHE YA
S2pgo] Yolx] siagel F83] X3} b H 9ol
T ARGl HolM FAo] @, FAE ¥
o} BUE3lE Aol Al o FAAGe W
3}o] Hojx FAo| 2dstuE A ke A3}
oof 3k T BR zp|Alade] FaAHE Aol
B7& 9 FaxEe) Huyl H=g dAsteof gt

B =FdME 43249 S ol8sle] MFL PIGA
2dlo] 221913 32 #A, A wlAg Y 59

- 11 -



7% 4Tt 2w Aol e AY 29 27,
Zolol W A AAste] 1 A3 slade] x5}
el AdoR, T4 2499, EAMY ElT
52 A7k MY back-yokeE ARS8t} Al
Mgl REE pdATIE Wil wated A3

2. siMol&
2.1, X|HiEA

WAAfFY FEARE FAY F e AAANN A
Y3 Maxwell 42413 1 R 23RN L ofgg 2ot

VxXH=] 0))]
B=u(H+ M) 2)
B=vxA 3)

A714 p,v AFANAY FA-S(permeability), AT
A7) A Eeldolct vy Aol gl Al Azt
Fe AE y2A

M=xH . @

o} ol BASAT sy FQule] wldyg 842 Re
o] TFY gl ALl ABFS AAY A7
Asd o] A% ded Aoz FPHA goug wA
2 gAFolor At} Ywkdoz XalF ML 9o
AAAI7E AAHA AlekAle 7HdgHreversible component :
13 %o AAZY AAST AEAA g ArEA
3} B4 zt= 4] 79 3Kirreversible component : M)<j
oz JehdF 9tk

M=H+M 5
4 G A @ dgstd
H=vB—v,M 6)

9 e L den AN v=1/u, p=p.,,
“ve=1/p,, u,=1+xolth o1R& A (Do) s
4 (6)9} BAZRE

vx(yvxA)=J+ v,V XM )

SRl o e FAAF coulomb AoJAE2FE 4
@7 Ze AuAH S den

—(V - ywW)A=J+v, Y XM ®

S
2
of
8
!
[
oX-
ol
X,
N
)
")
N

74 AANA IAAAZDE DS B R 7}
5% A WE A @0 39F AA 49Iq AR
3 olefe} 2o A Pk

fgw{(v CU)A+ ]+ v,V XMYdR=0 (9

Green A2j¢} FAxA2RE

fg{ — VYW - A+ W— v,V WXM}d2=0 (0)

& gtk NG9S Fvle 242 Ui g
o] A7) WE ¥AEE FEF Aok

MFL& ol§% NDTA29& A7|¥3 F3& o83t
T "4y gAlelzz Ak 4R oldz €@ w7
A 612 FteaYos AL vy Ankaiool k.
2.3. A7} Z3FB0A HHe| SEH

Fig. 1& 7k2% 28l i@ Aswoleh 29I 0,
£ Agl gl $Re RUASold, 0.5 ATl Y=
$e) wUASOlt 0,9 0.5 Az Fdel e
S ke We} 7k uRel Ageldt el glevkan
e A% ASLEE F7k Std we skeel
2387 gow 0,9 O, AU 1A ¥4 7
A% hRe] ASUEE Byol Be2 Wabl dck @
oF hagie] EHY oW R AFYEE Byl
A Bpz WA Ad. 0./0,00 vlEEhs 742 deiv
ES A% 89 4 Q)3 2ol e # gk

— Bd—BpZ
A= Bal_Bm (11)
M f
D
®a Pc

Fig. 1 Magnetic flux with defect in gas pipeline
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Fig. 2 The Magnetic saturation curves
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Fig. 4 MFL PIG diagram (Canada BJ)
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Fig. 9 Analysis of MFL PIG without defect

Fig. 10 Analysis of MFL PIG with defect
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Fig. 11 MFL PIG signals according to defect depth
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Fig. 13 MFL PIG signals according to the defect
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(c) 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



{a) Circumferential components of MFL

(b) MFL signals of circumferential component

(c) MFL image of circumferential component

Fig. 16 Analysis of MFL signals by circumferential component
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Fig. 17 Images of defect depth by axial component
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Fig. 19 Images of defect depth by circumferential
Component
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