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JMTR Hot Laboratory has executed the eddy current test of twe PWR
type zircaloy cladding tubes for the second round robin by Halden Reactor
Project.

Defects manufactured on the test specimen were revealed on a fair
way to success as a function of local position, phase character and size.
Influence of the fatigue crack between the two different tubes was
studied through the phase angle analysis. More effort should be needed
for detecting rather smaller internal defect when it was combined with

external and other various type of defects.

Keywords: Eddy Current Test, Round Robin, Halden Reactor Project,
PWR Type Reactor, Zircaloy Cladding Tubes, Defect,
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1. INTRODUCTION

The second round robin for eddy current test initiated from April,
1985, in accordance with the recommendation of workshop meeting held at
the Halden in Norway in March, 1983, on the resultl)’2) of the first round
robin eddy current test performed during years 1981 to 1982. JMTR Hot
Laboratory, barai Research Establishment, JAERI also participated to this
programme. Test execution of JAERI was March, 1986.

Received test tube had a length of 1,000 mm, outer diameter of 10.93
mm, wall thickness of 0.63 mm. On the other hand, calibration tube had a
length of 1,000 mm, outer diameter of 10.93 mm, wall thickness of 0.625
mn.

Principal purpose of this round robin test is for determining the
criteria of detectable crack through eddy current test. Qur test apparatus
were now renewed in 1984. They have two detection coils consist of
encircling and probe types. This apparatus permits not only to measure a
various type of defects but to detect, for example, a thickness of oxide’
layer and copper barrier. The former function is utilized this eddy

current test.
2. TEST APPARATUS

The apparatus was the EDDIO SORT FD-2203 NGO-R manufactured by HARA
Electronics Co. Ltd., Tokyo, Japan. This consists of a detection coil
device fitted up with an encircling and a probe coil, and a sample noving
device installed inside of the hot cell. A control panel and a data
processing unit are located outside of the hot cell. The outline of the
apparatus is shown in Fig. 1. A sample tube is held in vertical manner by
the chuck mechanism and moved through the coil keeping the tube center
with the guide roller. During the test, the sample usually moved upward.
The move was monitored. by the pulse-encorder. The scanning speed can
varied in the range of 5 to 30 mm/sec. For azimuthal measurement, the
sample tube can rotate in continuous or step manner. The intervals at step
manner can varied from 10 to 90 degree. For specified scanning by the
probe coil, the azimuth of sample tube can selectable with an interval of
1 degree.

Encircling and probe ceoils are shown in Fig. 2. They consisted of two

pick-up coils and an exciting one. The coils are copper wire coated with-
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2. TEST APPARATUS

The apparatus was the EDDIO SORT FD-2203 NGO-R manufactured by HARA
Electronics Co. Ltd., Tokyo, Japan. This consists of a detection ceil
device fitted up with an encircling and a probe coil, and a sample moving
device installed inside of the hot c¢ell. A control panel and a data
processing unit are located outside of the hot cell. The outline of the
apparatus is shown in Fig. 1. A sample tube is held in vertical manner by
the chuck mechanism and moved through the colil keeping the tube center
with the guide roller. During fhe test, the sample usually moved upward.
The move was monitored. by the pulse-encorder. The scanning speed can
varied in the range of 5 to 30 mm/sec. For azimuthal measurement, the
sample tube can rotate in continuous or step manner. The intervals at step
manner can varied from 10 to 90 degree. For specified scanning by the
probe coil, the azimuth of sample tube can selectable with an interval of
1 degree.

Encircling and probe coils are shown in Fig. 2. They consisted of two
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enamel. The wire diameter of encircling coil was 0.1 mm and 0.26 mm for
pick-up and exciting coil. On the other hand, wire diameter of the probe
coil was 0.05 mm and 0.08 mm for pick-up coil and exciting one.

The encircling coil was used to detect the type, size, and axial
position of exciting defects. While, the probe coil was used to . detect the
azimathal position of local defects.

Data pfocessing unit was composed of an oscillograph to record the
analog data, a set of personal computer system together with A/D converter
and digital data recorder, and a X-Y plotter. The digitalized data from
the probe coil could make three-dimensional plotting which was easy to
observe the being defects. On the other hand, test signals of encircling

colls could characterize the phase angle and the amplitude.
3. TEST CONDITICN

The test apparatus with dual frequency type could perform two kinds
of scanning simultaneously at selected two frequency levels so that the
following sets of test frequencies were used: 16, 32, 64, 128 kHz and 128,'
256, 512, 1024 kHz.

Calibration test with the calibration tube was performed. The outline
of the calibration tube is shown in Fig. 3. It was aimed at determining
the suitable condition for the detection of artificial defects such as
internal, external, through hole, ridge and so on. Test cohditions were:

(a) Test frequency:

Channel 1 64 kHz, 128 kHz

Channel 2 256 kHz, 512 kHz
{b}) Scanning velocity: 20 mm/sec, 30 mm/sec
(c) Band-pass filter adjustment:

low pass filter _ 10 to 30 Hz

high pass filter 2 to 10 Hz

Final conditions decided from the above were:

(a} Coil exciting frequency:

Channel 1 64 kHz

Channel 2 256 kHz
{b) Scanning velocity: _ 20 mm/sec
{c) Band-pass filter: .4 to 20 Hz
4. RESULTS
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4.1. CALIBRATION TUBE

Phase angle and amplitude were tried to characterize the being
artificial defect. Due to little difference between data obtained from
frequency 64 kHz and from frequency 256 kHz, results were only addressed
to the latter.

4.1.1. DEFECT LOCATION

Fig. 4 shows representative output chart for the calibration test
with the encircling ccil. Defect signals and positions are included in it.
Fig. 5 shows three-dimensiocnal plotting of defect signals obtained from
the probe coil. Axial and. azimuthal position of the defects are clearly
and detaily shown. Table 1 indicates the results of azimuth, size and type
of defects evaluated from Figs. 4 and 5.

Consequently, the defects noted in Table 1 well coincided with those
noted in Fig. 3. The details on latter were given by the Halden Reactor
Project..

Signal from defect No. @was not enough to make detail analysis. One
of main reason was that the signal cbtained from probe coil was toc weak.
It should be menticned that the surface condition and the residual stress
uniformity in the place were bad. It was supposed that the tubes were
pre-stressed in defect-manufacturing process and unintentionally added
small defects when they were tested in a participant facility.

In Fig. 5, no signal was observed at the position of 950 mm, 0° but
some signal did at the 950 mm, 130° direction. According to our
evaluation, this was an external defect which was different from Halden
informed defect type (No.@: intemal scar). Amplifier gain was then
increased at the place for detecting the signal at 950 mm, 5° direction.
The result of the gain incremenf analysis was included in Table 1.

It was understood from the test with probe coil (see Fig. 5) that
defect signals of Nos. @ , @and @were respectively within a width of
70°, 50° and 60° in azimuth. These widths were resulted in good agreement
with calculations made by using the probe coil diameter (2.5 mm), the tube
outer diameter (10.92 mm) and the Halden informed defect diametral sizes
(1.0, 0.2, 0.5 mmm).
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4.1.2, PHASE CHARACTER AND DEFECT SIGNAL AMPLITUDE

As shown ‘in Figs. 6 to 8, analysis of signal amplitude and phase
angle on the calibration tube was made. Results are shown in Table 1.
Characterized phase angle is indicated in Fig. 20. In the figure, the
Halden made defects were located at the region: 1) 65° to 70°, 2) 40°, 3)
50° to 55° and 4) 275° being corresponded to 1) external, 2) internal, 3)
through hole and 4) ridge. The calibration curves were made from the
signal amplitude and defect size which were shown in Table 1. Results are
summed up in Figs. 9 to 12. In which four different curves are shown, i.e.
intermnal defects (Nos.(Dand(7) )}, external defect (No.(d)), through hole
(Nos.@and@) and ridge (No.@ ), respectively.

4.2. TEST TUBE

With aid of preliminary test result obtained from the calibration
tube, type and size of defects on the test tube were evaluated. The
frequency used here was similar to that used in the previous test, i.e.
256 kHz. |

4.2.1. DEFECT LOQCATION

Obtained output chart from the encircling coil test is shown in
Fig. 13 in which axial position of each defect is involved. Fig. 14 shows
three dimensional plotting of obtained signals from probe coil scan.
Defect position in axial and azimuthal directions are also shown in the
figure. Table 2 summed up obtained results from the analysis of Figs. 13
and 14. '

Data evaluation was limited only on defect Nos. @to@. Those were
existed within 600 mm in length which was aparted 200 mm from tube both
ends. The surface condition in this time was also bad as the same reason
as mentioned previously. The worst was length 200 mm around bottom end.

As shown in Fig. 14, all defects were adequately distributed on the
whole surface of tube, and detected azimuthal range of 50° to 60°. In
Fig. 14, defect signals from Nos.(E) to (g) and No. (k) were too small to
discriminate, then azimuthal position of them were asked to determine by
additional output chart obtained from a specially-amplified signal.

- Results of defect characterization are shown in Table 2.
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4.2.2. PHASE CHARACTER AND DEFECT SIGNAL AMPLITUDE

Analyzed phase angles are shown in Figs. 15 to 19. Table 2 is the
summary. The phase angles from the test and the calibration tube were
plotted in Fig. 20. As known from Fig. 20, test tube signals Nos.(3@)to(d)
(phase angle: 50-55°) coincided with through hole (calibration signals
Nos.@ to @ ). On the other hand, signal No@ (phase angle: 260°)
coincided with ridge (calibration signals No. @ }. The remainders {(phase
angle: 80-130°), however, had no good correspondence.

2}

Our experience led that the phase angle deviation between fatigue

cracks and other type of defects were approximately 10 to 20°.
4.2.3. DEFECT TYPE AND SIZE

It can be mentioned from Fig. 20 that the phase angle was
representing the fatigue crack. According to this, it could be said that
signals from Nos. @ to @were intermal type and those from Nos.@ to@
external type defects.

The defect volume was summarized in Table 2, in which the calibration
results from Fig. 9 for signals Nos.(a@)to(d@)and Fig. 10 for those Nos. (e)
to @we.re used. '

It was assumed that the defect was composed of 2 mm length, 0.5 mm
width and unknown depth. Estimated defect depth by using Table 2 was 0.28
to 0.36 mm for defects Nos. @to@and 0.01 to 0.03 mm for those Nos.@to
@ . Because of little necessary data for determining defect size and type,
it was a little room for mentioning about them. Thus, defects Nos.@to@
could be divided into three groups.

First group including defects Nos. @, @,, @ . @and@was called the
"internal and external defects combined with unintentional ncise". Second
group including defects 'Nos.@ ,‘ @and@was called the "external defects
combined with unintenticnal neise". Last group including defect No.@was
called the "masked defect like ridge".

5. CONCLUSIONS

JMIR Hot Laboratory performed the eddy current test for the second

round robin programme. Obtained concluding remarks are:
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1) Seven and thirteen defects for the calibration and the test tube
were revealed as a function of position, phase character and size.
2} Among thirteen defects on test tube, four of which were clearly
identified as the internal defects and the remainders were as

external ones.

3) The phase angle on the test tube was deviated a little from that on
the calibration tube, implying the rather strong influence cof
fatigue crack on phase angle. '

4) Greater noise occurred from non-smooth tube surface tended to mask
the existing defects. The influence was particularly greater when
the evaluation was made on the internal defects.

5} At present, it was very hard to detect markedly small internal
defect for the purpose of evaluating its phase character and size.
The difficulty will be more enhanced when smaller internal defect is

combined with external or other type of defects.
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