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Development of Eddy Current Technique for Reactor
In—Core Flux Thimble Wear

S. S. Park, Y. Y. Jang, C. J. Yim and K. H. Park

Abstract Since in—core flux thimble tube wear the due to flow—induced vibration could degrade the

integrity of nuclear reactor, the effective detection and interpretation of the wear is important. In order

to establish an inspection technique for thimble tubes, an eddy current experiment was performed to

determine the optimum test frequency, defect sensitivity and evaluation accuracy. Eddy current probes

were designed and fabricated with a theory. Specimens with artificial defects were fabricated using ele-

ctro discharge machining method. The results from inspection technique developed and on - site inspec-

tion showed good applicability.
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Table 1. Chemical composition(%) and physical
properties of the specimen(stainless steel

316)
Relative
C|S |{Mn| P S | Ni | Cr | Mo | Electrical | magnetic
Resistivity | Permeability

005 | 047 | 125 {0.038|0005]{11.73|16.15| 205 | 74uQ—cm 1

i Table 2. Chemical composition(%) and physical
) properties of the guide tube(stainless steel

304
Photo 1. Encoder 04)
Relative
C S {Mn| P S | Ni | Cr | Mo | Electrical | magnetic
Properties | Permeability

0.060|0024| 095 | 0025 024 | 818 | 1867|0370 |72uQ2—cm 1
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f Table 3. Dimensions of test specimen
i
b

efect
Specimen™ Dimensions(mm 1 2 8 4 5
Depth(a) | 08 | 06 | 04 | 02 | 01
Specimen Lengl?lls(cdeg,) 90 | 90 | 90 | 90 | 90
o ) #1 Axial
Photo 2. Test equipment Lengtl}zli(b) 212525 )25 | 13
True
80 | 60 | 40 | 19 | 10
9 Photo 49 %] 73k WAL B HAA Depth(%)
' A4 a5 Be A8Ed myAdEde Depth(@) | 08 | 06 | 04 | 02 | 04
s a33:1=3 Specimen Lenglt\l{{(%eg.) 9 |9 | %0 | 9 | %
A 2Re Mgz 44 427 o5l U se |7 s | | m | |
APoz FRHA Jerng FAIde I 4
Truey | 79|61 | a1 | 20| 11
Qe 95t 22 E(Fill Factor)ol 87%7F HE8 2 Depth(%
do} 97HE AP & AHEFHEI FAFAS Depth(@) | 03 | 01| 06 | 03 | 015
ol 80%~120%7F 2 F =R H(2)MM L @& | specimen || [ ARG 5 | 90 | 90 | 90 | 90 | 90
= o = 1] N
3T A(3)& o83t :=Pe] o], Zo] B AA #3 Leégﬁl(b) 2010130 25| 2
5 A3t Photo 4% 2ol AFASATE U
True 3 | 10 | 60 | 20| 15
AAY Aolme AA P27 o|EWe AU A Depth(%)
218 ¢ A=E Ade] F3 C 3ol 101 PF/m<! RG Depth(a) 04 | 05 /075 02 | 01
174 5% AolE 427mES A&t AolEe] Ao Specimen Leng‘:{f&eg.) 9 | 9 | 90 | % | 90
HAg Adsigon ZdAbole indi ‘
3l AR ey ZYAol9 Interwinding H M #4 Le:};ﬂb) © ) 2| 5| 15| 8
NRAE Aol AfAYse] va e Fom
True 40 | 49 | 76 | 20 | 13
a3 skA] et Depth(%)




BEGERRG ARG dted] - B8y -
Depth(a/c) [005/0.1] 0.25 | 0.45 | 0.2 [0.1/0.3
Specimen unﬁﬁgieg.) 360 | 90 | 90 | 180 | 360
#5 Lotidal | 10 | 20 [ 30 | 15 | 30
Deniény | 11| 25 | 46 | 20 | 3
Speg%nen Guide Tube Without Defect
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Fig. 3 Drawing of test specimens
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Photo 4. Test specimens and probes

Table 4. Dimensions of probe coils

Probe Coils . )
Dimension Coll #1,2 | Coil #3,4,5| Col #6,7,8| Col #9,10
Depth of .
Coil Windings(nm) 15 15 10 10
Length of
Coil Windings(m)| 19 15 10 10
Outer
Radius(mm) 28 28 28 28
Inner
Radius(mn) 13 13 18 18
Number of 58 7 6 33
Turns
Wire Gage(mm)
(¢ enameled 0.15 01 015 ol
copper wire)
Cable Length 427 427 427 427
{m)

€Ol &1, #2, #3, 4, 85

! 2.8mm

5.6 mm
—
i
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imm[imotismm]| 1 mm 0mm
T

L 44.5 mm
COL # 6,87, 88,349, #10
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Fig. 4 Drawing of probe coils
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Fig. 5 Impedance variation for different coils
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Fig. 12 Defect depth estimation with guide tube
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