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Impedance Analysis and Experimental Study of a Solenoid Eddy
Current Sensor to Detect the Cross-sectional Area of

Non-ferromagnetic Stranded Conductors
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Abstract

Impedance analysis of a Solenoid sensor to detect the cross-sectional area of non-ferromagnetic
stranded conductors is described in this paper. To inspect electromagnetic characteristics of conductive
materials, a nondestructive test eddy current sensor with an encircling coil is chosen. As solving
Maxwell equation, normalized impedance response of the sensor within a conducting rod is modeled
and the results are expanded to the stranded wires. Geometrical property affecting on stranded
structure is considered and a numerical and experimental study is also presented.
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Fig. 2.1 Schematic diagram of a Solenoid eddy
current sensor
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Fig. 2.3 Characteristics of eddy current generated

in strands.

22, AReFe ¥37 Ao duAE BYTE
2 AzsE 397 ok aeu, 44 BEHe] 4
So| ma} FHol ehd AR/ JEHoY 524
B el Aol oj= = HF&HA drh wa,
Azl G duAel AEo] AP AR G
dxate AL 44 29 a2y, A7 FAA
FAE Lol AT FHEA Aol AFH HA @7
e Add st FE g I~ WsE S
248 + gn

M. M3 chAd e ex|siz A9
3.1 #43 g9d2e FAFHY
22894 78 FAMY ZAAE FEI] dtd
BAEFoE 24 149 24 b=26lmmlelt stx
o=235[MS/mlol2} 7}45t%th, Bl HINHEE o
=13.25[mm]el stm Zole F@Folg I
£4E TNE AHEes of Ao 249 HEA AT

JAFLLE s 2R Bt
24 THE AUE A9 FHEE 6T
ol gRAe g3t

—

£ b,=3.44[mm]e

Rod Case

[} 0.005 0.01 0015 0.02 0025 0.03
(R-Rojywio

a9 31 Ad% gdBe A9 743 YAz
Fig. 3.1 Normalized impedance for stranded
conductors and a single rod.

gitHez AZjgA A osto EAY AHL
EAd AHAA 4%s Len gy 4 3
e F/idEA Y dURAE AHgse ZER
Jqdx @t A, a8y FaAsE FHA S
] 2o RHAM Ae H¥eA % Az 5
7HgdEAd =Ad @Al HFE FIAEHH

Fo g 743 gHdate] e o §f £
& 2744 B0t @de gAY 28U, AFHE

F 3 9UEA Atole ¢duda AL EA

=3

re
o



12 284, A

AR A FA8 Aed dasss (0,1—mpel
ST WA, DXA4E olgaW 249 THHe
WIE A58 £ Uy

. qdde 49
o3 ".JﬁlCdi 43 3189 X429 g4
E3 31894 M4 S dFoFE &4
&3t wHle Zol7b 97[mm]el MM E A
Ak o] W A4S FAAA JHEA dda B4
HP4194AZ AF % Yded22 24549 AgY
& 250[Hzlol A 100[kHzI7H A 29 L3t} 743
28 73 A3t 29 320]t), o] aPA A
< 7 32 #4844 Anz o)gxst A5}
A9 YA A& & A o] Aol exE A
2 A5 kol 98 zdse Aoz
0.92 2°lt} azv olgd A FEugl

O

ol

-!N

0.99+

6 74[%]

*s 00C5 act 0015 002 0025 0c3
iR-Roywie .

a9 32 w4y 2 4¥2E

Fig. 3.2 Numerical and experimental resuits.

28 32004 2E AFFIAE ZHRG0] F7)
A vAYAY HRHE ZHee 2
Adol AHgslnE Fed U 247
Ren EY, 274 FAg0] A
A3 grd2 S42 FAG & Yok

39uge F3uy
1%’ 33@e 29 329 M F34 100kHz]
AHY 2HgoYE ANE 2 249 T3 U

& FolA FAE 17N A po 2AE
o W3E Yetd HAolth o] w 2 W Alolo An
A& (correlation coefficient)® H&3] 10] ), o
W F4&Y FHEFE ey 2

7[%]

7,=123.2217p+0.0353

ojth. matA A4E A
g 2 Adea(EE gydag
o d&de 27 pe ANEGH

G
9 318¢ 7€ U
i _

4719 7%l A 21¢
& 7Sl AAe A
HHE FH3A o
4 GBS AHgst 24
%_]13}7\4 o7 /\H,,] I‘:_]»
IE 7hsd @ 294 2
(2g 31 % 3.
EEE R
A7E AT 4 GDE olgsdd AY 2 Ydu
FAl EAstodof tuz s2MAs) Ba,
BA, 29 319 EXE A3 BEeid o
(ool th&ates AA e drpAchel 8 FHE
A8 ¢ gvh 28 33(b)E 100kHzll 4 ¢ 97
g FHE Aol BAE B Fuh o] A
A dudag A& Aboldle R A#AS -12

2
o
>
td
i
tlo
iy
2
p‘L
R

z) T= )\]

1
ot
X
5

18 AH8ste A9l sl2azte

4
)
ox
My ok

1>

o
i

r_‘TL mlo
[ P U D A

2

3.2

Fill Factor{%]
L2 ES
- -
Fill Fector{%]

~

00 002 0.04 0.06 S0 51 52 53
Magnituce

(a) (b)

I¥ 33 9 FE3 dgda
Fig. 3.3 Cross-sectional area of conductor and
normalized impedance of a sensor.

_92_



V=2zll2z 4
CwhebA, A4
wao} A4

34 A¥ a7

3.1~338d4
77 A% . a
g 23@ddX g 2o £4Ee] M2 HEEA $AY
ARz AdEol dvn AHsgi. 4z o
E%8(fuel element)st 22L& ZAEE ME HZslx
e Aoy FAAEN 2L AeE AME] H
dHo] glenz o] FAAES U2 ALY 5 .
agAT, et WAMbT 22 o dMo] mo gl
TEE 149 423 HAA7E yepde o 3
71E A & (reference sample)® hAA g2 EA Alo]
o] BAZEY YA % (calibration constant)E

443 4 ok

it

o

B

o

£

Normalr zod impedance

=32, 25{kHz!

5.78{%]

SO OO WU SN S—

0.016 80622

0018 0.02
(R-Reiwta '

a9 34 94y 724 B4
Fig. 3.4 Structured characteristics for stranded
wires.

a8 34= 1 A 4 AgSuE aAM
'S 19 23(a)9 2ol BIYTFE, +'E 0¥ 2.3( b)
nJFZ

L% AE72Y Ffola we B

O

Ztoltt 248N B vieh Fo] HF

L’..JQ..I'N_\,Q.
rﬂm‘i"‘)‘l‘

Ag_g__ 2T+ %, 1434_—“7!-749,}. melFzof wak ekzk
A7b vebdth ey olee Axbe 44 1)

_9.]

2R vizste dj$ Hon wald, &4 T
7]‘?5‘513&'3151 A 83 _};l_x%;;“.re 28 ALo=

AE-T
gdcol= 2Ye 244 B4 A/ A A4
2ol we dod2s ATk e WHE ol
sd £A9 9EE, £AeR TS Fol YA
$ Qo o AT AMEAY wEy WE AE
) g deel= ANY gREs H4TH g0
o SHFA 9% ASEEE Maxwel R4 o

§3tel Xt o AFAE AMF2E SAHA

ANE 2HE9 g§IHE
AL #y8tn, A4 3¢

(1

(2]

(3]

{41

(6]

_93_

Eddy Current Characterization of Materials
ASTM Special Technical
Publication, American Society For Testing
and Materials, 1981.
Nondestructive Testing Handbook, 2nd Ed.,
Vol.
Society For Testing and Materials, 1981.

J. Blitz, Electrical and Magnetic Methods of
Nondestructive Testing, Adam Hilger, 1991.
J. Blitz, "Prediction of impedance components
of eddy current coils using PC”, NDT
International, Vol. 22, No. 1, pp.3~6, 1990.

F. Thollon, B. Lebrun, N. Burais and Y.
Jayet,
eddy current probes in NDT of structures
with deep flaws”, NDT International, Vol. 28,
No. 2, pp. 92~102, 1995.

HR. Weischeldel,
ropes in service ! A critical review”, Material

and Structures,

4, FElectromagnetic Testing, American

"Numerical and experimental study of

"The inspection of wire



14 94

Eint
o
2
ofd

Evaluation, Vol. 43, No. 13, pp.1592~1605,
1935.
[71 K. Tsukuda, K. Hanasaki and Y. Fujinaka, ”
Wa g HER 2 doloz o EEmE #MLo
REEA EHRNES, BR FEEEE, A48, Al
%, pp.18~ 26, 1991.
J. Sutton and K.G. Lewis, "The detection of

internal  corrosion in  steel reinforced

—
(o7
fiader

aluminum overhead power line conductors”,
U.K. Corrosion, pp.343~359, 1986.

(9] BHEL=, EEEH "EIFERE Bdt
AEEBES] FEE, Bk ERERE, A394E, A9
3, pp.807~808, 1990.

(101 Z. Molttl, "The quantitative relation between
true and standard depth of penetration of
air-cored probe coils in eddy current testing”,
NDT Internation, Vol. 23, No.l, ppll1~18,
1990.

(11] SeZm BEEDR], AAFNERER SR,
BRI FEHMERL

£ Y

1951 11€¥ 1394, 1976 3=
detn Wdr1Edd EQ(FTEAD.
19793 FAd3a A7|3s &
A(TEAAL). 19929 WA SR
A7lsss FH(F AL, 1979

& ®

1951¢ 109 144, 19784¢ 3%
WEtw A71FEH EA(FT A,
19801 &ekoistw A7 Fdn &
H(FEAAL), 1988Y FAoietn
HA71FE s EA4(FEAb. 1990

| W~1991d 553 YUSHAND) ] d-EA dasdusa 103
Adis. 19808 ~EA BANAGR Axzes 4 AF
e

_94__



