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Characteristic Analysis of Eddy Current Testing According to the
Finite Element Formulations
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Abstract In the numerical analysis of ECT (eddy current testing) using 3-dimensional FEM (finite element
method), MVP (magnetic vector potential) and electric scalar potential are used as variables in conductor
region. Three dimensional modeling makes number of unknowns increase, and the degree of freedom of
variables also makes number of unknowns increase. Because of this reason, modified MVP is used to reduce
the number of unknowns. Gauge condition is enforced artificially on existing FEM formulations to insure the
uniqueness of MVP. So in this paper the effects of these FEM formulation procedures on ECT are investigated
and the appropriate FEM formulation is suggested for accurate ECT simulation.

Keywords: ECT, FEM, FE formulation, gauge condition, modified magnetic vector potential
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2eh45].

vxH=J= T.+T7T. @
v-B=0 ©
v E — —B 5
B = uH )
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71, AAL Azl [ [ .= AF F AR
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B 24z A7|RAE, A7IEREoh

g% % ot
B = vxA ©6)
E= - vy )

5 442 98 5 o
vxlvx71)+o<%+vV): I, ®
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_ dA _ 9
v o2 +vv) 0 ©)

22. 2EHolx=H

ol olo} WE] A (vector field)o] FA3tA Bolw7]
alnt WEel W sde) AelHolel gk
2§ l3tel ArAE TR 50] FelHY
om, e Foayl ek AR EANME
Jqurr oz 2 (10)9 FFAIAx(Coulomb

gauge condition)§ A8t

v-A =0 (10)
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249 ®e 349 U402 BAS FE A MIA/METAAL A =¥ A (O
B8 DI 288 FoedAecalar AFHOE VEHHRE ohg AT AgHE A
Poisson equation)2 &7] 3} ZE2A o)A ZAL s
AEaT. A () NHBFAE 4 @ dga  vxLvx A +olf =T 019
@, A (10)9 F2ARNZ2AE F-E3t FHYshE,
4 (129} 2e ToleRR Ao Pojk 249 =
Coaqel EgAes FAE BL A uwe 4 24 HHFEA ANE fe ol Ay
Z4Ql AER Ja, Jux] §F AEL Qo] HER
4 (D2n stg Toewyd gae Ay VMHELLE tese 334 FAFEA 4
4AS 9A =oh of Ao fEes FAz sy oo s fUdE sl A9 TE
& AHA 542 A= A AdAzdE FA= Z]“H”‘@’“"’" Hock. &
g, AXgTFE 2ol7] Y3 Ay|aZHIULEL
ovuxd - vv.A_ v a e B IMETAAS Aol A4S
404 307 A ZTE olHF AAEL Ha <
N S Y. G vV) -7 1y 9HQ FHNRes o, ojpd WAsel d
ot : A A U FRg MXEA AAR7) I3
3RAEA ] AL 2 () olfdd §FH8A A o zZtzrel 4P uHF FHAES o83t A
Ng HAe saste, of BRolME 2gAel T AU
ANzAL ALsx FEG 2, 4 (10)0] AFEHA a2z o)AzAe R 9 AP E LA
oro}y] wjiol] o] SUAMe] AR FE Ao AHg oo wi ogg 2ol u JHA FHEE
o g A @) A (1009 =g Ao reagnh £4S B2H317 $stedd MEC, ME,
WolA), 4 (13)F o] wEolA dlo] §94L B MMC, MM09] 7138 AH&3tATh ‘MEE A7
A5 9ok BEads] Asjagetzads wee A8d 3
8 ouishel, MM WEAZMHEDAS W
vxlvxZA-viv. A+d(—— + VV) 7. 2 AR Aol Al A dupiel T 2F
g 8 oy lOARAE AR Reg Aeold, Ue ¥R
B Jenzag wesA we Agolh
Fag A5 FHHEAS sy sty
23, HEXT|HE{ ZH 4 3196 jo= MBHA.
dAF7 zEE B4 dYdA HV=8E 7 241 MEC
Agsiid, o W9 2ol dYAMAZA
(MMVP, modified magnetic vector potential)S- % Wae A7METEad 2 dr|azeEdds
oste] M7~ TAE S AAT + ok /\]—%—o}_ﬂ, Z2Ao|AZFL H43 Aotk
A= z+fVth (14) vx%vxﬁ—v%v-z+o(jw7i+vv)=
v VY AL oojug, A (14F 4 (©)d dYd _ a7)
sl AsUEE g Fuw AnE ag 4 v ATV =0 19
gtk ®=3h A (1493 4 @ dska, 1 FA)
ke Hebd, APRFe wate] ojolng WEFA 24.2. MEQ
JEEass ] 99 448 98 + gtk
vz A7AE XY 2 HAr|~ZeIdds A
v A =0 (15) g3)31, F2A0|AZAL 43R ke A-solth
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VX%VXZ+0(]'CUX+ v) = J. (19
~v-ojwA+ vV = ¢ (20)
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Fig. 4 Normalized difference impedance
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