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Abstract Eddy current testing (ECT) has been widely used in in-service-inspection of steam
generator tubes in nuclear power plants. A bobbin coil probe is mainly and routinely used for full
length inspection of all SG tubes in Japan. From the view point of dctectability, a mechanically
rotating pancake probe is superior among various ECT probes.
Therefore, it is highly desirable to develop a new ECT probe which has similar performance to the
rotating pancake probe and has similar capability in actual inspection speed to the bobbin coil
probe.
In this paper, we will explain the new ECT probe. Main results are as follows.
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(1) It was shown that the new probe with 4 detecting coils and one slant exciting coi! was superior
in flaw detectability compared with various kinds of conventional probes.

(2) It was shown that electric circuits of amplifiers, multi-plexer and so on in the probe itself was
very useful to reduce the number of signal cables from detecting coils and to increase signal to
noise ratio.

(3) we designed and made the ECT probe with thin film coils for detecting coils and with
miniaturized electric circuits. In experiments, the prototype probe could detect successfully
both,axial and circumfererntial EDM notch of 20% tube thickness. It is confirmed tl at thin
film coils have potential to be used for the new ECT probes and basic functions of electric
circuits work very well.

1. Introduction

The eddy current testing is applied for the steam generator tube inspection. In Japan,
there are more than 20 PWR plants, and each plant has 2~*4 steam generators with about
3000 tubes for each generator. The full length of each tube is inspected almost annually.
Therefore, a lot of inspections are performed every year.

For the eddy current testing, various kinds of eddy Current probes such as the bobbin
probe, the multi-segment probe and the rotating probe were developed and applied. As for
the bobbin probe, itcan inspect with a high scanning speed, but the detectability between
axial and circumferential defects are different. In case of the multi-segment probe, it can
perform high speed inspection, but it usually has the low sensitivity zones between
segments. The rotating probe has a good detectability, but it cannot inspect with a high
scanning speed. Therefore, we produced and examined the new eddy current probe which
can.perform the fast inspection with the high detectability.

To realize the fast inspection speed and the durability, the non-contact multi-segment
type was adopted. As for the detectability, various coil alignments were investigated and
the optimum type was selected. As for the low sensitivity zones, high density multi-
segments were applied to reduce them. Thin film coils were adopted to obtain uniform
detectability. And electronic circuits were installed in the probe to increase the SN ratio
and to reduce the number of electric wires.

231



2. Coil Alignment

As for the coil alignments, we
investigated the induction
method (self and mutual),coil
types (pancake and .4 coil).
Consequently, we selected the
mutual induction probe with 4
coil receiver [1]. Furthermore,
we investigated 'driving coils to
increase the detectability.

Fig. 1 shows 3 coil alignments
which we investigated by the
numerical analysis. For the
driving coils, we investigated
the angular coil and the pancake
coil. The angular coil is also a
pancake coil, but it is installed
in the probe such as
perpendicular to the pickup coil
plane. The pancake coil probe
was analysed as a contact probe,
but the other probes were
analysed as non-contact. Fig.2
shows the tube expanded region
which was used- as the analytical
model. The absolute values of
impedance changes by die
defect and the tube transition
zone were calculated, and the
SN ratio was estimated. The
analysed results are shown in
Fig. 3. The detectability of the
angular coil drive-4 coil pickup
probe was best among 3 types
of probes.

Probe type

Angular coil drive
4 coil pickup
(non-contact)

Pancake drive
4 coil pickup
(non-contact)

Pancake coil
(contact)

Coil alignment

Pickup coil J ^ ^ J

Pickup coil

Pickup coil j ^ ^ a

Pickup coil

o
Dnve and pickup

Specification

" ©rive coil
" Pancake coil
" Perpendicular
to the picl up
coil plane

• Pickip eoii;
" 2 pancake coils

• ©rive coil
• Pancake coil

" Pickup coil
" S pancake coils

• Self-induction
" 9 Pancake coil

Fig.l Specifications of the coil segments
(Analytical model)

232

Tube wall
Defect (20%deptb,5mm length)

0.2mm

0.2mm
Contact probe (pancake coil)

Tube wa
Defect (20%depth,5mm length)

Scanning line
-Coil

Non-contact probe (4 coils)

Fig.2 Analytical models of the tube expanded region
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Fig.3 Analytical results

In order to confirm this analytical result, the experimental work was also conducted.
One coil segment of each probe was made,.put on a rotating mechanism, and examined as
a rotating probe using a test piece of the tube expanded region. Fig.4 shows an example
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of the experimental results. These results also showed the good performance of the
angular drive-4 coil pickup probe.

For the next step, we selected the number of coil segments for the angular drive-4 coil
pickup probe which is closely related to the low sensitivity zones of the probe. Fig. 5
showed the experimental data obtained by the rotating probe with a non-contact angular
drive-4 coil pickup segment.

Circumferential sampling points are 24 and 64 in Fig.5. In case of 24 sampling points,
data are interpolated into 64 points. All signals are processed as to reduce noise signals.
This data showed that the difference between 24 and 64 points was small, and the 20%
defects signals were apparent in both cases. So we selected the number of segments to be
24.

Circumferential

Axiaf

JGrcurnfcrential
Axial

Angular drive
4coil.pickup
(non-contact)

Pancake coil

(contact)

Fig.4 Comparison of detected signals
(Tube expanded region. OA20%1

In order to increase SN ratio and to reduce electric wires, electronic circuits are
installed in the probe. Fig.6 shows the block diagram of the electronic circuits. Based on
the addressing signals from the flaw detector, receiving signals from pickup coils are
selected by the multiplexing circuits. Pre-amplifier circuits are also involved in the probe.

Fig.7 shows the new ECT probe. This probe mainly consists of the coil segment block
and the electronic circuit blocks. There are 24 segments in the coil segment block. Each
segment has an angular drive coil and 4 pickup coils. Thin film coils are adopted for the
pickup coils in order to obtain uniform detectabillity.

Multiplexer

Pickup segment
•o a

•O CM

Address
receiving
board

-v

Flaw detector

Channel address

DC power

OA20% OC20%

Fig.5 Effect of circumferential sampling point number
(Tube expanded region. Angular drive-4coil pickup. Filtering results)

3. Electronic Circuits and the New ECT Probe
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Probe

Fig.6 Configuration of electronic circuits

Fig.7 Main part of the new eddy current probe
4. Functional Tests of the New ECT Probe
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Preliminary functional tests were performed using the new ECT probe. One is the
circumferential sensitivity of the probe and the other is detectability.

As for the circumferential sensitivity, axial EDM notches were used to measure it.
Fig.8 is the test result. The horizontal axis of the graph means the circumferential distance
between a segment and the notch. Sensitivity characteristics obtained by the adjacent
segments were also included in these graphs. It was confirmed from these data that mere
are not low sensitivity zones between segments as expected from the previous
experiment.

Expended region

Tube sheet

Outer
surface —
notch

Circumferential distance (mm)
(a) 20% EDM notch

Circumferential distance (turn)
(b) 40% EDM notch

Fig.8 Circumferential sensitivity obtained by OD axial notch

Following the circumferential sensitivity test, the preliminary detectabiliry test was
conducted. Fig.9 shows the test piece used for mis test. Fig. 10 is the chart data, and
Fig. 11 is C scan representations for 20% EDM notches. There are original signals,
filtering results and multi-frequency .processing results in this figure. These data showed
mat the new ECT probe has enough potential to detect small defects.
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Fig. 10 Experimental result by test piece
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Original signal

Filtering result

Multi-ftequency .processing

Fig. 11 Defect signals obtained by OD 20% notches
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5. Conclusions

In order to realize the ECT probe with the fast scanning speed and the high
detectability, the angular drive-4 coil pickup non-contact segment was selected based on
the analytical and experimental results. The probe is composed of 24 coil segments and
electronic circuits. The thin film coils were applied for pickup coils to obtain uniform
sensitivity between coils. Preliminary function tests showed mat there are no
circumferential low sensitivity zones and this probe has enough potential to detect small
defects.
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