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The Reactor Fuel Examination Facility in Tokai/ JAERI (Japan Atomic
Energy Research Institute) joined to the second round robin programme on
eddy current test of the Halden/ IFE. In the programme, two zircaloy
tube samples with some artificial defects were provided for measurements.

To clarify the locations in axial and azimuthal directions, types
and dimensions of the provided artificial defects, measured signals
from eddy current test were analysed In comparison with the known defects
on the calibration tube. As a result, fourteen defects were determined
from the measurements. Then, the location, the type and the relative
dimension of them were also revealed,

The results of those eddy current test are described in this paper.

Keywords: Eddy Current Test, Zircaloy Tube, Artificial Defect,

Halden Reactor Project
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1. Introduction

Reactor Fuel Examination Facility at Tokai/ JAERI participated to the
second round robin for eddy current tests on the zircaloy tube samples
which were provided by the Halden/ ITE.

The two zircaloy tube samples (the calibrationm tube and the test
specimen) were arrived on February 1986.

The equipment used was equal to the first round robin case, except
the size of encircling type coils and the probe type ones. The eddy
current tests were performed the test specimen as well as the calibration
tube., Analysis was wade for determing the axial location, type and size
of artificial defects, reference to the known defects from the calibration
tube by the encircling type coils. In addition, the probe type coils

were also used to identify the azimuthal location of the defects.

2. Background
2.1 Equipment and test conditions
i} Manufacturer of equipment and system type
The equipment manufacturer was by Hara Electrics Co., Ltd.
Yokyo, Japan. Multifrequency Eddy Current Testing System FD-2203
NGT was used.

ii) Method for sample scanning and driving speed

The tube samples were fixed to the supporting tube where
the diameter in both tubes were nearly equal, The top side of
the supporting tube was attached to the fuel rod driving device
through the regular chuck. Outline of the multifrequency eddy
current testing system is shown in Fig, 1. Details on the
supporting tube and the tube sample are shown Fig. 2.

Measurements were made at a rate of 1200 mm/min through
the encircling type coils.

The driving device was also used for the probe type coils
scanning of the tube samples. The tube samples were lifted
verticaily giving azimuthal rotation. The azimuthal rotatiom
was set to nine degree around the tube samples basing upon the

zero degree orientated by the IFE.

iii) Types of coils and geometrical features

As shown in Fig. 3, the encircling type coils were composed

-1 —
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of one excite coll and two pick up ones.

(1)

(2)

(3)

The excite coil, consisting of 48 turns of 0,37 mm?
enamel-insulated copper wire, was wound up the out side
of the pick up coils.

The pick up colls, consisting of 28 turns of 0.08 mm?
enamel-insulated copper wire (axial length: 0,5 mm,
average diameter of coil: 13.3 mm®) were co-axially
arranged at an interval of 0.3 mm.

The pick up coils were wound reciprocally in opposite

directions as a differential type.

As shown in Fig. 4, the probe type coils were also composed

of one excite coil and two pick up ones.

(1)

(2)

(3)

The excite coil, consisting of 69 turns of 0,08 mm?
enamel-insulated copper wire, was wound up the out

side of the pick up coils.

The pick up coils, consisting of 20 turns of 0.05 mm®
enamel-insulated copper wire, was wound up the core.

The pick up coils were in a row of the driving direction
and faced on the surface of the tube samples, as a

differential type.

Frequencies

Frequencies were 128 kHz and 512 kHz for the encircling type

coils, and 128 kHz and 1024 kHz for the probe type coils.

Form of output

Six signals (X1 to X3, Y1 to Y3) measured by encircling

type coils were shown in the form of scanning chart, where two

position makers at intervals of 1 mm and 100 mm an involved.

(1) X1: phase angle 340 degree, frequency 128 kHz,

(2) Y1l: relative phase angle to Xl is -90 degree,
frequency 128 kHz.

(3) X2: phase angle 100 degree, frequency 512 kHz,

(4) Y2: relative phase angle to X2 is -90 degree,
frequency 512 kHz,

(5) X3: multiplication of X1 and X2 signals.

(6) ¥3: multiplication of Vi and Y2 signals.
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Signals X1, Y1, X2 and Y2 were filtered frequency eliminator
at the last stage of electrical amplifiers. Range of frequencies
of band path filter were between 5.8 and 12,0 Hz.

Signals X3 and Y3 were used to decide the defective location
with large signals.

Two pairs of signal, (X1 Y1) and (X2, Y2) obtained from
defects were vectorized to know the type of defect. These were

shown in the form of X-Y plotting sheet respectively.

2.2 Method of calibratien

Measuring equipment was calibrated with given calibration tube.
Top of the calibration tube was set to opposite side of zero degree
mark at azimuthal location.

The known defects on the calibration tube were measured by
using the encircling type coils. Axial location of the defects
measured were similar to those informed by the IFE. Type of the
defects were identified by the phase angle, except the defect
No. 7.

Results of scanning at the calibration tube are shown in
Fig. 5. The X-Y plottings for known defects measured by the
frequencies of 128 and 512 kHz, are shown in Figs. 6 and 7/
respectively. Analytical results are summarized in Fig. 8§, in
which given information from the IFE is also included for comparison.

Defect No. 7 on the calibration tube was not used for our

analysis, because of its abnormality.

3. Testing

Testing on the test specimen was performed under the same conditions
as used in the calibration tube with the encircling type coils.

To know the type of defects, the X-Y plotting was obtained from
the scanning chart. Using the X-Y plottings, the defects were classified
into groups. To determine the size, the detects in each group were
compared with known defect from the calibration tube.

Obtained scanning chart is shown in Fig. 9, in which the sxial
location of defect is included. The axial location was started from
the opposite side of zero degree mark at azimuthal location.

The X-Y plotting sheets are shown in Fig. 10 for the frequency of
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128 kHz and Fig. 11 for 512 kHz, respectively,

also

To know the azimuthal location of defects, the probe type coils were

used. The probe type coils scanning were performed axially on the

surface of the calibration tube and the test specimen at every nine degree,

4., Results and discussion

4.1

4.2

i)

ii)

Estimation of defects by probe type coils

The azimuthal angles corresponded to defects are indicated in
Table 1, together with those from the calibration tube.

As indicated in the table, five defects were determined from

the measurement.

Estimation of defects by encircling type coils
Axial location:

The axial location of defects were estimated. These locations
are indicated in Table 2, and alsc did in Fig. 9.

As indicated in both, fourteen defects were detected and

numbered from the top.

Type:

Figs. 12 and 13 are shown phase angle of each defect in the
circular graph, concerning for frequency of 128 and 512 klz with
the calibration tube. Phase angles and type of defects are
indicated in Table 3.

As indicated in the table, fourteen defects were clasgified
in four groups,

According to the calibration, first group consisted of Nos, 1
to 4 were an internal circular groove. These phase angles were
329 - 340 degrees at the frequency of 128 kHz and 101 - 128 degrees
at 512 kHz. Defect Nos. 1 to 4, however, were not identified as
internal circular groove by the probe type coils. Furthermore, our
experiences tell that there are no difference of phase angle among
circular groove, scar and fatigue crack of internal. Defects in
group were considered to be either internal scars or internal
fatigue cracks informed by the IFE.

According to the calibration, second group consisted of Nos. 5
to 8 and 10 to 13 were an external scar. These phase angles were

307 - 322 degrees at the frequency of 128 kHz and 35 - 67 degrees

_4“
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at 512 kHz. According to our experiences, second group seems to
be contained external scars unintentionally made some participant
laboratories and fatigue cracks manufactured by the IFE. These
detects were not distinguished, because the calibration tube had
on fatigue crack.

According to the calibration, third group counsisted of No. 9
was an external ridge. Its phase angles was 143 degree at the
frequency of 128 kHz and 245 degree at 512 kHz.

According to the calibration, fourth group consisted of No. 14
was likely a through hole. Its phase angles was 328 degree at the
frequency of 128 kHz and 81 degree at 512 kHz. In accordance with
our experiences, defect No. 14 known from the signal with encir-
cling type coils should be detect by the probe type coils, But
it was not detected. 1In this place of the tube samples, signal
from the probe type coils were rather reliable than the encircling

type one. So the defect No. 14 was judged as noise.

1ii) Dimension:

Volume of defect could not measure, because of the lack of
sufficient numbers of the same type defects for making the cali-
bration curve. BSo, the size of defects were estimated by the
amplitude of the signal on the scanning chart. It was defined
as § =4/ X24Y2, where X and Y were maximum value of signal amplitude.
Linear relationship between value § and defect velume is known
according to the results of the first round robin test.

The estimated value, except for group 4, was compared with
those from the calibration tube. The former was divided by the
latter. The ratio is indicated in Tables 4 to 6 respectively
according to the classified (internal circular groove, external
scar and external ridge) group.

From the comparison, it can be said that the size of group
1 was ranged 0.8 - 1.3 to the known size of intermal circular
groove in the calibration tube. The size of group 2 was 0.04 -
0.07 to the external scar. The gize of group 3 was 0.03 to the

external ridge.
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5. Conclusions

The eddy current testing equipment installed in Reactor Fuel Examin-
ation Facility, Tokai/ JAERI, can be used [1] to detect defects in the
zircaloy tube samples, and [2] to estimate the axial location, the type
and the relative dimension of defects by using the encircling type coils
at 128 and 512 kHz frequencise respectively, and finally [3] to estimate
the azimuthal location of defects by the probe type coils at 128 and 1024
kHz frequencies.

Concerning to the calibration tube, seven defects manufactured by
Halden/ IFE were succeeded to detect the location and to provide as the
standard type and size.

Concerning to the test specimen basing upon the comparison with the
calibration tube, fourteen defects were detected and classified in four
groups. They were (1) four internal circular groove, (2) eight external
scar, (3) one external ridge and (4) one through hole. It should be
mentioned, however, as has been discussed in the previous, we concluded
group 1 should be either internal scar or fatigue crack and group 4 the
noise,

In addition to the test specimen, the relative dimension were also

determined.
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Table 1 Identification of azimuthal location cf
defects on the calibration tube and on the

test specimen by probe type coils.

Zircaloy tube Defect Azimuthal Location Type of Defect
sample No. (deg.) Mentioned by IFE
1 0- 360 internal circular groove
2 0- 360 external ridge
3a
0- 360 external reduced wall
Calibration 3b
tube 4 306- 27 external scar
(blind hole nearly flat bottomed)
5 333- 18 through hole
6 315~ 27 through hole
7 not estimated internal scar
1 243 - 297
2 162 - 207
3 54- 99
Test specimen
4 297 - 360
5 180 - 207
6~14 not estimated
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Table 2 Identification of measured axial
location of defects on the test
specimen.

Defect Axial Location Defect Axial Location

No. {mm) No. {mm)

1 209 8 641

2 334.5 9 666.5

3 433.5 10 698

4 508.5 11 728.5

5 580 12 756

6 597 13 804.5

7 619.5 14 950
Table 3 Phase angle analysed by X-Y

plotting data of defects on

the test specimen.

Phase Angle (deg.)

Defect Type of Defect Mentioned

No. Freq. 128 kHz Freq. 512 kHz by IFE -
1 340 128 internal circular groove
2 336 118 internal circular groove
3 331 103 internal circular groove
4 329 101 internal circular groove
5 318 60 external scar

6 316 67 external scar

7 322 62 external scar

8 322 63 external scar

g 143 245 external ridge

10 311 35 external scar

11 319 64 external scar

12 307 48 external scar

13 312 51 external scar

14 328 81 through hole
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Fig. 1 Outline of multifrequency eddy current
testing (ECT) system.
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Fig. 2 Details of supporting tube
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Fig. 4 Probe type eddy current testing coils.



JAERI-M 86-106

=Q1X01A.~ E—S\ﬂ.—ﬁﬂ—av o 2 _ gy - ‘ . ". m .. .;.. ’ : ! TV T(E y § , . Bl e i n __J‘..M ‘_ iy ”_. i

{ - i Ll | : N I I |
[,1. = = w\F.W. i e — ! i o _
SiE=at - e e = = = =
=HEH — — = = = =g : e e = — = =
X1 Component = i 1R =t e L e e iy Do e i R et S ot it bt =
LI ¥ —= = — 1 i = e e = G S
S mei === i e e , = e
B ——r I — I P et i = s
L h ; .
e = = ! = _ i e e —
— It | — - i = ———
- = e E 7 e
= — —| ——= G el — E >,.___||| p—
L — = ] i T I — Sl E—
Y1 Component e e E = = e - 2
3 = £ T == A= e i
= = : === T =
| ! —. - = i m—" ! = PR R —
Defect No. 1] 2] 4 . B
= - e - _ = = “ _ ‘ = — == i ===
— = =1 ﬁ . ———
== : HiES == = —
= - —= , £ = i E s
- = - | = , ! :
- ] — 1 — ; ! -
4 . = ~ — s _ IR - I ; m : i
XN ﬁO_.—__UO—Jm_J.ﬂ h _.. . _,vm1 i il = ~ L > X IM V¥ ey ; v m = o \1 - gt ._‘ _ﬁ ol b1\><\a..1.! v e Ay m o il i
i : 2=  EEE e e e —F — — = - o
i : = = {
x‘ - —— i " ,-h ] = - o
, | , = j ===
=] \fll H = = J . ‘,\ B — ] p— !..m. wmw : —
‘ : - = | | =
= ! = i | T e = :
: = : IR - - - = :
<N ﬁoabo_‘_m:.ﬁ - iTnd ~ —r -~ S il i J“, TN i hudll o, ....” e el ” e ey w14ul|l1|.|
: i = i Iz === ") - B
T ! ‘ = = : : _
=c - 2= —1—r S “
1 ; i = | g i &
; = 1 = ] 5 S
Axial Location (mm) 51| r200,5 499
= i " i — - = T I T —
-1 - - - - i
i - =1 E ] s == S O B
i = - - -+ =
X3 Component a e = J = = - _ - =
e |". - - a :, = — S , : ; ! “ —
— — __”_“ _“ o = w | ” f = ==
= = — = N B e
m = S : E F— : =
g ! r _.1 [T} [}
T - g _ -
Y3 Component = (P = = e - -
‘ E 1 = = | ==
: | B i : P o | '
Marker {100 mm/pitch) , _ _ : “ L 7 L I _ _

KOBAYASHI KIROKUSHI CHART NO. 0511 I.__ 165 T

Fig. 5 Scanning data of the calibration tube. (part 1) (amplifier gain : -20 dB)

= 15~16—



JAERI-M 86-106

' . i e - Marker (1 mm/pitch)
] i i
ety et SPE e e e [ e = X1 Component
= . == =
E == = = = — ==

A - = - = v s Y1 Component

51 _ B m_ _ 7 k Defect No.
. - - - > : =
— = = i |
i i | ANy i 2 = 7 Gt i el fo 2 == g piheacad (2 X2 Component
= = - - — - 1 |,
“_ L - |__m. = ; = |.| !
= T ey
— m —— - .

Y2 Component

| 649]_ | 799 | ‘ |oa7 7000 Axial Location (mm)
,\. E i - _,_m_ﬂ_.\\

¥ i agite X3 Component
= - ; ] — |
= i = = — Ry &
= = _ : = i
L - 1 e

e pn H : : _ .-4 II ] , <w ﬁO:.._UO.:m:.ﬂ
! : | L L :

Marker (100 mm/pitch)

'KOBAYASHI  KIROKUSHI 0_._,2»._. NO. .Omk__ 1

Fig. 5 Scanning data of the calibration tube. (part 2) (amplifier gain : -20 dB)

.

—17~18—



JAERI-M 86-106

1 - - -
# I : z = - 1 s ; EET] T TIT - iy
PripE iy T HTECEH I T ¥ i T 4 i H ¥ o N S 1 H Ehu L
: Eis : torher e e LS HH = T H : i R e a3 TH
T ! H 3 L TITETLLE ¥ : SENBERE. i b t
SEws ifd H T 1 L L R SR e T T H ] -1
T and HOET o 5 5 1 gy salyydins: ; " T
FH : P i ] ! : T HATT H T = JARR Fibaina el T
+H Ty L] +
s i ; T HIEE T ; :
13 L i T T T IBYRE T N
-+ s G N - ; + - £ - mu HH D h T 2 BT
1 5! : T : ; o T : : HHH = i
+ H H i guushunn 1 HE H by 1 i
HE ! s i ; ek : d 1H i Hr H ; :
EHH T - M + Hn
T i EEge= ; nn ; 4 anad SESE a=genad] r T
s : PTG HTE ] i r H
w . ¥ 13
s ' r 3
an T L] 3 13 k- T = 1 17 I ;
I i : agan sdRAg t 2 e i ]
e = T ¥ T T u m 13 Frd 1 13 T
w I T iNEEES A nE + 1 sin 11737 + i
; TH - i & h £ ; by + 1
mydr 8 RRm AL ; papas o : i
EE Ry Ey a2 T r
[ F e b i iF 4 : i {
mn T 11 y ; t : v SRENERRRE 1
Freibb H u SEERE T 1 1 H H - .
4 I T H rT T 1} = B 1 i
E-HA P
: He+H 8! ] = ML !
T T RERawsiabl 1 : i 1 I ! o i H £ . : i :
H H . g8 H H Aaiukyind tH I : S L
4 L T L . r F - : L
e Ll ' t RERE: 1 . HtHTT EEH f .
8 ui 13 e T - H 1 E - L1y ‘ s
t i t 1 £ 7 F :
: H EEE s P T RpEEELLSS: : 2en I T
e aumEdagd SN} ayEkise ¥ =
o 3 "t L e il i
s hi H H T+ » T ? - m; s : H i m
| 1 Fhsi T H14 4] LT £ : 1
f i ‘ i . : e N
AR - - i ! ! mEm EESEERERS : g
t ¥ E i . T : T T L y T —IOTE
| Ty i i T 1 aiH - B ¥
o : .| i i ! al 5
e 1 HH T H H 1 : :
[T T i ] ] = 1 i = i : L | L T ki
Bye t ' + kysp 3 1 2
I ! 14 7 1 H E : y :
HiE RS : S aasesany 543 saeete : ;
2Hun i ¢ : A I 211 iy quan : . % AREEYRan i -
r i : T : AHE HH: + I 3 : g i T I ! : it
s s Bt ] : ] : ! ' . f +
b HH{H H kY L H i 1 P i g
o G T 3 e R H I I f S e ans . ! E : : TR 4! ot : -
o 1 I ¢ I 1 I " V| L il 1 e ; 1!
-+ THH gr. 4 H-H I == 3 T Eaaam sl a1 bz 1 ke
jee HAERE e T ] = H : T L : .
H T maEas BT T > g t * 7 t + - y - L
: H + T it L - ; - : = Y F1- : :
- SenEs T b T : i ot ; ! : ; i 1 ; =
# 4 L i i 13 ol " n Fi i L B
H AR EEERR AR — i 1 ; AR T T : : 1 : +
b H ' ; : jadad s f H ! ; ! i i e i I B s s ]
LI i + . T m T [ + S I 3 Fhe LS i
ma I o t t : H : I F T
AT L T I 7 T " i ! 3 Tiit 3 T o 28
1 3 dagaddugn T T T T t 133 B T - aan H: i wadin ks ] RRiaive 1
F I + " i £ + [and audnl & ] 1 I
hs B E i iy [Ragss : n 3 H b L ; s - F s I
SRS 4 + [ a oW s £ : t : : ; ; : ns T T
n i - L T * T odrm ] =+ I — i [ a i
: t t et : msana; + t = . !
¥ H 3 ; H - b ; Fel b " L P T
] : : ow : 1 : I IS .
: - 13 1 : it 1 + + A b es . >
HiH ant ; an - T T n T ! : } i
5 t ¥ TIRE = TR : = A e , ST T T T + :
14 Iy ¥ F ER e nhn t T = 1 T 3 + L + H + H
I £ ' i i T I . t d 1 i Hh + Pt - : . : S o -

(1) Defect No. 1 (2) Defect No. 2 (3) Defect No. 3a (4) Defect No. 3b

Fig. 6 X-Y plotting data of defect at frequency 128 kHz on the calibration tube. (part 1)
(amplifier gain : -20 dB)
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{(4) Defect No. 3b (5) Defect No. 4 (6} Defect No. 5 (7) Defect No. 6 (8) Defect No. 7

Fig. 6 X-Y plotting data of defect at frequency 128 kHz on the calibration tube. (part 2)
(amplifier gain : -20 dB)
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Fig. 7 X-Y plotting data of defect at frequency 512 kHz on the calibration tube. (part 1)
(amplifier gain : -20 dB)
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Fig. 7 X-Y plotting data of defect at frequency 512 kHz on the calibration tube. (part 2)
(amplifier gain : -20 4dB)
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Defect No. 1 2 3 { 5 3) 7
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from IFE . external scar
internal external external . internal
Type of Defect . : hlind hole nearly through hole through hole :
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Axial Location - (3a) (30)
1 799
(mm) o 200.5 303 mmw.m 4¢9 B49 Qa7
Qur Result
Phase Angle y Y Y Y Y Y Y " 307
- - m; 7@V \m\ | /.u.me\ \m >
o , \xx\ ////MMM%MWHW\\\ ///AW\\\\\\\ //Ammwwwwww\\\\ z\\\\\\\ mXAWf/frx\\\\\\ |
134 91
234 /L 23177 / ,
Freq, 512 kHz T T AM WWWHUFJI A
ém K /Z & 21 50
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Y Y Y Y Y ¢ N
Fig. 8 Comparison of artificial defect of information from IFE and our result on the catibration tube.
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Fig. 9 Scanning data of the test specimen. (part 1) (amplifier gain : -20 dB)
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Fig. 9 Scanning data of the test specimen. (part 2) (amplifier gain : =20 dB)
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No. 7 (8) Defect No. 8 (9) Defect No. 9 (10) Defect No. 10 (11) Defect No. 11 (12) Defect No. 12 (13) Defect No. 13 (14) Defect No. 14

Fig. 10 X-Y plotting data of defect at frequency 128 kHz on the test specimen. (part 2)
{(amplifier gain : -20 dB)
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Fig. 11 X-Y plotting data of defect at frequency 512 kHz on the test specimen. (part 1)
(amplifier gain : -20 dB)
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Fig. 11 X-Y plotting data of defect at frequency 512 kHz on the test specimen. (part 2)
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Calibration tube

5~8,10~13

Test specimen

(180°)

(90°)

Note; A number on figure is shown number of defect.

Fig. 12 Relationship between type of defect and signal
phase angle at freguency 128 kHz.
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Calibration tube

3b

Test specimen

(180°)

Note; A number on figure is shown numbeyr of defect.

Fig. 13 Relationship between type of defect and signal
phase angle at frequency 512 kHz.




