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Characteristic Analysis of Eddy Current Armay Probe Signal in Combo
Calibration Standard Tube Using Electromagnetic Numerical Analysis
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= B B =F& 94 Z/2AU(SG, steam generator) Al #e] AW JTE 93 AAY gFaQ
HEE ddF gFae] 54 4 tig 33d 2] sAHAE P g A A4S
2}3) ASME(American Society of Mechanical Engineers) £5 A8 H 3} X-probe combo EFRAFAHA
(inline EXP/spiral groove combo standard)& HAA3te Y35 E 531, 44 47 Vi va
3] Ao B34S AFAth BE BA AEH 4 ZAE vige g dH sG A F=2
LSS QlE pitting, SCC(stress corrosion cracking), multiple SCC, wear 2% tistd F413E
g5stdok e ddeze dxEddt 5G MBeE AMS3tT Qe Inconel 600 A RS AHE-3}
A1, olwje] NFFIFE 300 kHzolth B =FS T3 A4z 2 dg Az 545 gofsto
HdE oHF BgEAY AF FRA WE A5 A4S AT F AR E =R A= WEE
SAF FEFA ] AR HF AE B =] E Aot
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Abstract In this paper, 3-dimensional electromagnetic numerical analysis is performed about the eddy current(EC)
array probe characteristic which is the next generation probe for accurate diagnosis of steam generator(SG) in
nuclear power plants(NPPs). ASME(American Society of Mechanical Engineers) Standard and X-probe combo
calibration standard tube are selected for acquisition of eddy current testing(ECT) signals and this result of
compared with the real test signals for reasonability of result. Based on the analysis result of calibration standard
tube, ECT signals that are about the defects of pitting, stress corrosion cracking(SCC), multiple SCC and wear is
obtained. Material of specimen was Inconel 600 which is usually used for SG tubes in NPPs. The operation
frequency of 300 kHz were used. The signal characteristics could be observed according to the various defects.
The results in this paper can be helpful when the ECT signals from EC array probe are evaluated and analyzed.

Keywords: Eddy Current Testing(ECT), Steam Generator(SG) Tube, EC Array Probe, Finite Element Method,
Calibration Standard Tube
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ZAAHLE AT F AEF e M FaT A}
AL AL o] Z71%A 7] (steam generator; SG) groltk. o] FoA SG Aol wAE A HA
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Fig. 1 Structure of ECT array probe
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Fig. 2 Principle of ECT array probe
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BPAYH] AFE SG A@e] AuHrtel F8
g FFE uA7] wEd EERAAEE 259
93 9uge AazHste sed flo e
83tk A4 A AA TC7700 B4 Al
9} X-probeE ©]&3td FAHFT 4 A vwim
3tk

221, ASME EZA[gmo| 3 58

ASME ¥FAIHH2 ASME Section V, Article
8o wl wEolx RAYFFAIPHelY, AFZAE
ol 20%, 40%, 60%, 80%, 100 HEAES ¥
&oj, 232 H A F(flat bottomed drill hole)o)3r,
10% 99 grooved} 20% W groove ¥ dent:
Z33e A$E Yok ASME EEAPHE pitting
Helo] 2 Hriel #-&8A 2909 Fg 3%
Table 1& ASME EFAPH 3l 2¥E vst
ibetad

222, X-probe& EEEFAIEM] &Y FF

X-probe® EF HAYAYT(inline EXP/spiral
groove combo standard)2 A EAo] ¥4
A2 Inconel 600 A1YBF ZAAA P2 (tube
support ring, TSR)Z FAEo] Ui 2% FF
£ 7 radial expansion(8# ¢ oY %) 7bF,
30%9] ¢" grooves} £3F EHe| spiral notch
2 FAEY ). Fig 45 X-probed EFRAA
el A4 23R 2y A4S HEiioh
Table 2& X-probe® EFRAYAEHUIAN ASME R
EANFHY 245 AR FFH e AR
A FzEY B & AN At

3. 8y =2

B =8dME ojv] HEH 334 FEtatsy
Z21%Y<l OPERA 3DE ©]&38te sjAdidel o
g FANS FPSAT. S A AR
g E=X# AAL FIPEA7] Al dal AHg
E& Inconel 600 E=ATeZ It EEAE
Fig. 59} 2-& a3y A7 FEAE AU
o, MUY =AE 2 ZaHe g AU
Fig. 63 2t}

(b) Detail drawings

Fig. 3 ASME calibration standard fube

Table 1 Deliberated flaws in the ASME calibration
standard tube

Kind oD ID
TWH | FBH | FBH | FBH | FBH | TSR
of A ®|l o ol|® ® Groove|Groove|
Defects| ) © | 0
%

100% | 80% | 60% | 40% | 20% | TSR | 10% | 20%

Depth

(a) Actual model

(b) Detail Drawings

Fig. 4 A combo calibration standard tube for
X~probe

Table 2 Material properties of the calibration tube

Conduc- | Rel. Inner | Outer | Thickn

Material| tivity |Permea- | radius | radius | ess [(er:rgnt)h
(8/m) bility | (mm) | (mm) | (mum)

Inconel | o oeres | 1 | 8433 | 9525 | 1002 | 27505

Tube

Support|  cope | so | 9525 | 15875 | 635 | 1905

Ring
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Fig. 5 Skiagram of X-probe
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{a) Specification of tube (b) Specification of coil

Fig. 6 Specification of analysis model
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83519771019, APHA] L4 1,226,5697) ]tk
Ao zlold] W2 A3 4E &) AMgE A
< ASME (FAIEH gl Agolth AldFa
T 300 kHzS AHEEch

Fig. 8& #z7] f3tassds F4)
AFolH, Fig. 95 AA wdd odF €54
o] 83le A& gzl F 7HA ABE W
Az AA g3z #

A AatE AT+ ANTH2]

Fig. 7 Finite element mesh

Fig. 8 Simulated ECT signals using FEM
analysis of ASME standard tube

Fig. 83} o] A%alse £ua Ads 93w
e 2z vehgidlen] AR A5 2
717F F7F8ke Ag #AAE & Sl A o)
7y g5Ae 20% He] A$ ASME EFEAIEH
of 90° ZHHo2 ZAgto] 477} EAEt 2L =Z7)
o] A4z 7t 7 TAEE AS FJAG F 3]
h =3 2493 Ady A $A5Y3 FAR
Yol oz 2L Fold UAW ek A
9] A% $ARYT FAIAY AA 7} o r
6.5 mm %o At o) AIAE S 94X
7b 93 Adro waA s A& #A

g 4 2.
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Fig. 9 Measured ECT signals using testing
equipment of ASME standard tube

3.2, X-probe® BERYA|GTO| ZAE A
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@Al@ﬂ#oﬂ A= OD groove az,g}& AA7 43
ML B E2 APz, F1g 118 2A
g AF Z2HE o] gt e galgolrh

A% ££& 31 mmolw, @‘?}«] Hols # 57
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34 A AF8F AA oM 2Tt
Age] ¥37 o] WA AA ANz
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o} dFuker Adel AFAETE ZA BAsE A
& g F ANk

X-probe EFERHAIYH| spiral notch ZE
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54& defsty] flste U 9 43
notch Al oiste] sfAstAqrt. AL Fig. 12
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o2 wjgstyct olmel AF Aole # FA
40% 2 3}1th. Fig. 132 W notch 29 &
gaEola, Fig 14E 9589 notch Ao &
Lkli=
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(a) Circumferential (b) Axial channel signal

channel signal

Fig. 10 Simulated ECT signals
analysis of OD groove defect

using FEM

Fig. 11 Measured ECT signals using testing
equipment of OD groove defect
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(@) Axial defect (b) Circumferential defect

Fig. 12 Directionality notch defects
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825 598 notch Al disfiye Zwgf
Ade] AUz AdFgFe AFNs R o
348 A= zZA GASE, 7L notch 2F

of sixe ULy AN} Sy A%
A58k o 3u) Ax FA HAEAt ol wd
Y ANF gE5Ae ST R dF0Y) Fg =
Foll A WEdd daglel S48 2% 24 4%
& RoFa gloh

Fig. 15% X-probe® FEFRAAHEW 9] spiral
notch ZAgl] g Mx7] fdaLs4E 53 &

ZAE ol83l de FAMAIZ ot @fé} Z
4.7 mm°l°1 Age] ol BFAY 40%, Y
TE 300 kHzE wo] Agalzejrh

H A7 AFHFOZE spiral FE F 1 FH]
2 A7 e e 998 4 Aden,
AA AFATe} HluAE A ANE #$9E
4 ATk FF Ade Adanch 459 e
9 Az RS 7lEes o 258 AR =A
TR o ole spiral AT B AT W
o] gzwary Aoz Zurak AYdo AJATH
o AFE Ade] AL A G
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(b) Circumferential
channel signal

Fig. 13 Simulated ECT signals using FEM
analysis of axial notch defect

{a) Axial channel signal

e

(b) Circumferential
channel’ signal

(a) Axial channel signal

Fig. 14 Simulated ECT signals using FEM
analysis of circumferential notch defect
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Fig. 15 Simulated ECT signals using FEM
analysis of spiral notch defect
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Fig. 16 Measured ECT signals using
equipment of spiral notch defect

testing

3.3. aldl EHel &M Jtsth ZE S 84

LA SN BT ¢ e 2L 2
A 71AA ZAgel A A%t geha o] o)
s Aoz vw ¢ Atk AZH7HE K5
Me 2% FF wet old ge Hud A
£ ZH&stofor sby] wEo] FQ HAA e g
A8 olsie "ot 2 WEE A F

B =FdrMe pitting SCC(stress  corrosion



336 HAE, o)

cracking), multiple SCC, wear 2% F714%2
2 W83 9 48 Ak Fig 17L 42%e 2
AL S Ag o R WEd ool

Fig. 189141%-¥] Fig. 21-& Fig. 179 2A} $714
g AA] fEas A4S Fie de A
solth AFFHEE 300 kHzE AHESIR T a4
Az A9 ZAE 5HE AUT F Ao
WearE #)2]3} pitting, SCC, multiple SCC 2§
B SUg 2¢e® 34 27 Y Ady A
37} Q3 jﬂgq Az o =24 HAE A Fig. 18 Simulated ECT signals using FEM analysis
g BAg & Ak of piting

(a) Axial channel {b) Circumferential
signal channel signal
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{a) Axial channe! signal b) Circumferential
channel signal

Fig. 19 Simulated ECT signals using FEM analysis
of multiple SCC
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7 - Fig. 20 Simulated ECT signals using FEM analysis

‘ of SCC

ol

() SCC - :
37 -

o
0
£

by «/

#
/v*

(a) Axial channel signal (b) Circumferential
channel signal

Fig. 21 Simulated ECT signals using FEM analysis
of wear

Fig. 17 Equivalent simulation defects
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