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Eddy Current Bobbin Probe Design for Steam Generator Tubes in NPPs
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Abstract The bobbin probe examination is basic and the important method among other ECT techniques for the
steam generator tube integrity assesment that is practiced during each plant outage. The bobbin probe is one of the
essential components which consist of the whole ECT examination system, and provides us a decisive data for the
evaluation of tube integrity in compliance with acceptance criteria described in specific procedures. The selection of
examination probe is especially important because the quality of acquired ECT data is determined by the probe
design characteristics, such as geometry and operation frequency, and has enormous effects on examination results.
In this study, An optimal differential bobbin probe is designed for the steam generator tube inspection in nuclear
power plants(NPPs). Based on the test results for electrical and ECT signal characteristics, the prototype bobbin
probe satisfies all the criteria.
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Fig. 2 Bobbin probe head assembly

Table 1 Fill factor of prototype probes
GEn Agw | 9w | Agw | ze |[FHE
OD(mm) | 7)(mm) | ID(mm) | OD(mm) | (%)
N 1905 | 1.066 | 1692 | 155 84

1

2| 1747 | 1016 | 1544 | 14.0 82
A1 ZHE 31 15.87 1.13 13.6 122 80

4] 2222 | 124 19.7 183 86
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Fig. 3 Prototype bobbin probe
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= e zgadow A4 standard
3| 91X KL ol | X
U Z(ID) A%t ID Groove | 10% | 0.05"
9=(OD) 4% B OD Groove | 20% | 0.05"
AE 4L OD Wide 0 "
g% o 25 C Groove 30% | 05
258 A4S 4 Holes, 90° o ”
o5k Tl A3 D 24 100% | 4x0.05
s 4 Holes,
Z= Al =
. , FH S B F g0 | 100% | 4x005"
Fig. 5 Eddy current signal property test system 2y G H Z=uEk 49 o
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Fig. 8 Digplay for resonance frequency measurement

Table 3 Results of resonance frequency measurement

2= - 47 #5223 333 (kHz)
TF O # #2 #3 #4
A-D | 336 336 336 336

AFE
B-C | 336 336 337 336
A-D | 367 367 367 367

AlZE 2

B-C | 367 | 367 | 367 | 367
az ol A | 390 | 390 | 90 | g0

¥ 5| 390 | 390 | a0 | 390
A-D | 301 | 305 | 302 | 301
B-C | 301 | 305 | 302 | 301
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Fig. 9 Phase angle spread
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Fig. 10 Display of Phase angle spread for
prototype bobbin probe

Table 4 Results of phase angle spread

e A a7 gEA A3z B0 )
CRU -1 #1 #2 #3 #4
NBE 1 5 107 105 107 106
Arj 13 115 116 14
NAE 2 5 106 105 107 106
Al 11 109 107 108
19 3 S 19 18 18 19
Ao 116 118 16 114
AAE 4 AL 110 109 110 10
A 113 115 m 15
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bobbin probe
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Fig. 14 Symmetry display of a differential signal
for prototype bobbin probe

Table 5 Symmetry measurement results of a

differential signal

EESUNIES S GR FEA AT BEHY(%)
Z5 | (kHz) #1 #2 #3 #4
o 313 | 172 | ast | as7
o | 095 | 091 | 032 | 280
AR} :
14 fm o1 | o081 | o012 | 217
| 274 0 1.31 519
fo 8.30 8.68 12.31 11,90
o | 482 | 461 | 717 | 622
A|RFE 2
12 fn | 380 | 383 | 546 | 507
t. | 343 | 347 | a7 | 6.45
o 947 | 275 | 443 | 201
foo | 825 | 056 | 179 | 1.97
Al R 3
12 m | 600 | 057 | 135 | 133
i | 5.00 0 0 0
1o 58 | 575 | 1112 | 216
foo | 3.01 | 415 | 858 | 6.22
A|ZVE 4
1= tn | 319 | 498 | 695 | 552
o 165 | 826 | 488 | 6.06

# fy: ARFAE, fo 0 AEERR(D/2),
fn . EAFTHE(/D), f  BEFAATAS)
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Fig. 15 High and low dispersion of differential
signals showing the performance of
centering devices
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Fig. 16 Dispersion graphic display of differential
signals for prototype bobbin probe

Table 6 Dispersion measurement results of a

differential signal

== A ) FEA FF BAE(%)

F # #2 #3 #4
ANZE 1| 10.59 5.60 5.99 11.85
ARE 2| 360 9.06 5.38 2.56
AZE 3| 755 1.41 12,49 7.36
AZE 4| 331 3.13 423 6.33
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Fig. 17 Mock-up and real size tube specimen for
probe durability test
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Table 7 Durability test of prototype bobbin probe

ALY A4 | A8 WE() AEZHsHV)
ESES 7)%: 35°~45° | 7)F: 32V~4.8V
13] 40 4.00
2003) 39 4.01

4003) 40 3.98
6003 41 4.04
8003 40 4.06
10003 41 404

428

2 ERe AwAs S04 AQY oA
RS RUGEAY HH A A1EE 2]
gstel Ad® AW SA wel WNEEA 2Y
BASE ARG BY BEA AAE /)2
47 AgB gl wel Ve dASALn,
g2 348 FNE BEAY AW 4Y B
A EEYS PASD BYAe FASES 47
Stk @A) AolBe AAD AN 2] B
dolsh ZHg Adstel Wrde SRR

gaael 4714 9 GAF AEHAL BAs]
BHgEAY Asol vF AAArde] SPAS

Z/A7] AdB A AP A 7]

o)

k=4 24
X0 BESAh AAE GEA WTAE B
= & mEsg 91 27047 agn

[1] ASNT, Nondestructive Testing Handbook. Vol.
4, Part 4, pp. 62, (1986)

[2] EPRIL
Generator Examination Guidelines: Revision 6,
pp 6-19, (2002)

[3] CGSB, Advanced Manual for :
Test Method, pp. 74, (1986)

[4] Zetec Inc, Eddynet 98 Analysis User Guide,
(2002)

[5] Zetec Inc, Eddynet 98 Acquisition Control
Includes MIZ-70 & PM-3A User Guide, (2002)

[6] EPRI, Electromagnetic NDE Guide for Balance-
of-Plant heat Exchangers, Rev. 1, pp. 4-12,
(1995)

[7]1 ASME Boiler and Pressure Vessel Code Sec.
V, Article 8, pp. 165-169, (1995)

[8] ASME Boiler and Pressure Vessel Code Sec.
XI, App IV, pp. 303, (1995)

[9] EPRI, Eddy Current Data Quality Parameters
for Inspection of Steam Generator Tubes,
Vol. 1 : Bobbin Coil Probe, (2001)

Pressurized Water Reactor Steam

Eddy Current



