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Abstract- The mutual induction type eddy current testing usirg a spiral type search coil is one of the eddy cugnt testing (ECT)
In this type ECT probe, since the thickness of a @l search coil is very thin, the distance (lift-df : L,) between the ECT prob:
and the specimen is able to set small. Thereforéhe high detection sensitivity is obtainedHowever, since the wire is coiled in tF
shape of spiral, the evaluation of the flux densitynside the spiral search coil is made difficult byexperiment. Moreover, the
phenomenon elucidation of inspection using this ECPprobe is not carried out. In this paper, the inspection characteristic of
surface defect on an aluminum plate using this prob was investigated by 3-[lternating electromagnetic finite element metho
(FEM). Moreover, the evaluation in consideration of the chracteristic of the spiral search coil in this ECTprobe is alsi
investigated by (1+1) evolution strategylt is shown that high detection sensitivity is obtaed using the spiral search coil.

Index Terms— Mutual induction type eddy current testing, spird search coil, (1+1) evolution strategy, 3-D FEM

I. INTRODUCTION
HE eddy current testing (ECT)

defect in a nuclear power generation plant strectlr the
mutual induction ECT, since a large magnetic fisldble
to impress to the inspection specimen, high detecti
sensitivity is obtained. In order to increase tlegedtion
sensitivity of the defect in the inspection speaimi is
necessary to decrease the distance (lift-bfj between the
ECT probe-coil and the specimen [3h recent years, the
manufacture technology of a semiconductor was eg@pli
and the spiral search coil film with the ECT prokes
created. Since the thickness of the spiral coilesy thin,

is one of the
electromagnetic inspection methods [1,2] of surface
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Fig.1. Inspection model for surface defect on atumi plate (1/2domain).

B. Distribution of Magnetic Flux and Eddy Current

the distance, is able to set small. However, since the wire  Fig.2 shows the vector distribution of magnetixfhear a

is coiled in the shape of spiral, the evaluationtha flux
density inside the spiral search coil is made diffi by

surface defect on the aluminum plate when the E@beis
located in the centre of the defect. This figuhesirates that

experiment. Moreover, the phenomenon elucidation ofthe impression magnetic field from an exciting cail

inspection using this ECT probe is not carried out.

In this paper, the inspection principle of the E@Dbe
was investigated by 3D electromagnetic finite eleime
method (FEM). Moreover, the measured flux densiside
the spiral search coil is calculated by the inv@ranethod
using the (1+1) evolution strategy [4-6], and it@mpared
with the calculated result of 3-D FEM.

Il. MODEL AND 3D ELECTROMAGNETICANALYSIS

A. Inspection Model

Fig.1 shows the inspection model of the mutual @i
ECT probe using a spiral search coil. The structfréhe
proposed mutual induction ECT probe is a rectaagtgting
coil and a spiral search coil. The diameter, thekttess and
number of turns of the spiral search coil are 2rArhimm
and 44 turns, respectively. As for the search cthig

distributed in the about x-directions. Thereforlge butput
voltage is not generated by a search coil.

Fig.3 show the vector distribution of magnetic flard
eddy current near a surface defect on the alumirplate
when the ECT probe is located in the edge pattefiefect.
Fig.3(a) illustrates that the impression magnet&df is
hardly distributed inside the edge part of the ahium plate.
The impression magnetic field is hardly distributedide
the edge portion, and is bypassed to z-directidnis Ts,
because the eddy current is generated inside tie gattion
as shown in Fig.3 (b). Therefore, since the magrietid of
the z-direction is distributed near the edge partid the
defect, the output voltage is generated by a semith

Ill.  INSPECTIONEVALUATION OF SURFACEDEFECT ON

ALUMINUM PLATE

z-direction flux density B,) on the surface of specimen is A. Output Sgnal Analysisusing Evolution Strategy

detected. An aluminum plate of specimen is imprdse
exciting coil of 25 kHz and 0.1A, and a surfaceedefis

The comparison with verification experiment and

calculation by 3D FEM is evaluated by flux densitgide

inspected by the thin spiral search coil. The dista the spiral search coil (44 turns) in the ECT prolmethe
(lift-off : Lo) from the bottom of the spiral search coil to theyerification experiment, since the shape of theceaoil is
surface of the aluminum plate is equal to 1mm. Thepjral, the conversion to flux density from themttvoltage
conductivity of the aluminum specimen is 3.5X8m. V. of the search coil is difficult. In this researcte
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Fig.4. Spiral search coil (44 turns) and assumeits awith 44 kinds of
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Fig.2. Distribution of magnetic flux near a surfatefect when the ECT
probe is located in the centre of the def@t.£5.98x10°T).
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i The structure of the usual coil is that the wiredlied 44

times with the same diameter of 2mm. The resultotEn
0 that the magnetic-flux detection sensitivity of tral coil

(@) flux distribution Bu=6.16x1C°T) (b) eddy current distribution is higher than that of the usual search coil.
Fig.3. Distribution of magnetic flux and eddy cuntenear a surface
defect when the ECT probe is located in the edgegbdine defect.

Iv. CONCLUSIONS

spiral search coil is assumed to be the coils wittkinds of IhT retshqlts obf[alr}e(_j 3re ts_umnlwzz?:r;ged az foII:)hws:_ et

diameter as shown in Fig. 4. Then, the measureddémsity (1) In IS mutual induction probe, he IMpeLss

inside the spiral search coil is calculated by the1) magnetic field is d|str|buted.to bypass th? edgxtiqu of

evolution strategy. The flux density in 44 kinds agfils is f[he suriace def_ect_ on aluminum platez since edatjent

chosen as design variable. The normal random nulhi@r s generated inside the edge portion of the defect.
2 ] - . . . Therefore, output signal in the search coil is wletd near

0°) (o: standard deviation) with weight value is added to two edaes of the defect

each flux density in 44 kinds of coils. Then, totaltput ) Itis g(J)ssible to estiméte the magnetic fluxgity from

voltageV, is calculated. The residual of the measured outp&% P . gr .

voltage V. and the calculated output voltagé is an measured OUtpl.Jt voltage n the spiral search dOthB. .

objective functionw. If the calculated objective functio ECT probe using eyolutlon .s.tr_a tegy. Mqreover, .'t IS

is less than the previous onW,is updated. The initial value _sho_vvn that the detection sensitivity of a spiralrsh coil

of the standard deviatiom and the convergence criterion of Is higher than that of a usual search coil.
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