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DISCLAIMER

This book was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof,
nor any of their employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product or process disclosed, or represents that its use would
not inflinge privately owned nghts. References herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, oc otherwise,
does not necessanly constitute or imply its endorsement, recommendation, or favoring

'by the United States Government or any agency thereof. The views and opinions of
- authors expressed heroin do not necessarily state or reflect those of the United States

Government or any agency thereof.
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i ' ABSTRACT

Two dunuqy rods, one with twenty machined defects and one with eight
mechanically induced cracks, were pulsed eddy current scanned at EG4G Idaho,
Inc., as part of an international project to compare eddy current testing
techniques used by various laboratories involved in postirradiation exami-
nations. The test equipment and procedures are described, and the data from

.the scans are presented and interpreted.
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SlMMRY

Two dunny rods, one with twenty machined defects and one with eight

mechanically induced cracks, were pulsed, eddy current scanned at EG8G Idaho,
Inc., using eddy current point probes. Eighteen of the twenty defects in
Dunny Rod I were definitely identified, but two (Number 2, an internal
groove; and Number 17, a ridge) were questionable indications and would

. probably have been missed during regular inspection. In addition to the
eight mechanically induced cracks, three other defect areas were identified

*

on Dunny Rod II. The absolute size and type of defect could not be
distinguished.
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PULSED EDDY CURRENT TESTING OF ZIRCALOY TUBE SAMPLES

FROM THE OECD HALDEN REACTOR PROJECT

+
i

'

INTRODUCTION-

...

The work described in this report is part of an international project..
,

to compare eddy current testing techniques used by various laboratories I

involved in postirradiation examinations. EG8G Idaho, Inc., became involved
in this study to compare our eddy current capabilities with what is gener-
ally used in the industry. Testing was performed on two unirradiated-
zircaloy-2 dunqy rods,' one prepared with 20 artificial defects and one pre-
pared with 8 internal fatigue cracks. Thu rods were supplied by the Insti-
tute for Energiteknikk (I.F.E) OECD-Halden, Norway. The information
received with the rods is presented in Appendix A.

The dunqy rods were received at EGAG-Idaho on November 29,1982, and

were sent back to the Technical Research Center of Finland on December 2,
1982. EG8G Idaho was the last facility to scan the dunny rods before,

destructive examination, and was added to the list of participants in the
round robin eddy current testing program at a late date. Since only two

*
; days.were allowed for testing at EG8G Idaho, full use of the scanning

equipment's potential was not possible.

The information requested of the testing laboratories ircluded back-
ground information on the testing equipment used, test procedures, an <

example of the eddy current data obtait.ed, &nd interpretation of the eddy
current results.

l

|
|
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TEST EQUIPMENT

The equipment used in the testing of the rods was the standard system .

used in-cell during the pre- and postirradiation examination of lignt water
reactor fuel rods tested in the Power Burst Facility (PBF) at the Idaho

,

National Engineering Laboratory (INEL). The equipment was removed from the
1

hot cell and decontaminated before use so as to avoid contamination of. the l

dunnty rods. The equipment had last been used in the examination of fuel
|

~

| rods tesced during the PBF Operational Transient (OPTRAN) tests. !

The electronics useo in scanning the dung rods were developed by
Argonne National Laboratory, Argonne, Illinois. A point-type defect probe

' ,

was used during the scanning of the two rods. Additional sensors available '

for use with the system include a point-type wall thickness probe and anI

encircling-type sensor developed by EGAG Idaho that detects inner and outer !

surface defects, as well as wall thickness variations. These sensors were d

not used due to the time factor involved.

l l
',

The pulsed eddy current probe was fabricated using a 12.7-m-diameter
nylon body and consists of two pickup coils and a field coil mounted on the

'

inner surface of a short piece of copper tubing known as a mask. The two

| pickup coils are wound in opposite directions and connected in parallel to
| provide a null-output when properly located on the outer surface of the

mask. A view of the active end of the probe is shown in Figure 1. The two
pickup coils are wound on a 9.6-m-diameter x 12.7-m-long ferrite rod.
The coils are 3.5 m long, with 2 layers, 3 banks, and 96 turns of No. 43
AWG wire. One coil is wound forward and one is wound reversed. The field
coil is forward wound on a 15.7-m-diameter x 12.7-m-long ferrite rod.
The coil is 6.4 m long, with 5 layers, 3 banks, and 192 turns of No. 40
AWG wire.

The EGAG Idaho equipment uses a pulsed eddy current (PEC) technique .

rather than a continuous frequency. The pulse repetition rate was 1 kHz,
with a pulse amplitude of 500 V. A time sampling technique was used to

,

extract the defect information from the induced voltage pulse. The system
was adjusted to provide inner and outer surface defect infonnation. A

2'

_ _ _ _ _ - - - . _ _ _ . ___ __ __- - . __ _. _ _ _ _ _ _ ..
_ _-
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Figure 1. View of the active end of the defect-detection transducer.
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. voltage output suitable for strip chart recording was provided, and a six-
channel, brush, 260 recording oscillograph provided readout of the data.
The chart speed was 25 inn /s., ,.

The electromechanical scanning fixture was designed and built by.EG4G
,

daho and is shown in Figure 2. During the scanning operation, the dummy
'

rods were held- fixed in a vertical position in an indexing fixture, which
provided tJe capability of rotating the rod a fu11-360 degrees in steps as

<

small as 1-degree. ~To maintain a constant distance between the sensor coil

and the cladding, a servo-mechanism was designed to automatically position
the PEC sensor cof1 laterally. The sensor is held approximately 0.13 mm
from the surface being scanned. The servo-mechanism uses two opposing -

h linear variable differential transformers (LVDTs) as sensors. .In addition
to providing input to the servo-mechanism, the LVDTs also produce informa-
tion on the rod diameter _ and extent of bowing.. The fuel rod is held sta-
.tionary while the sensors are moved past the sample. All scans of the

[; samples were made with the sensors traveling in the same direction, at a
rate of approximately 50 mm/s.

,
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TEST PROCEDURES

,

During normal operation of_ the PEC scanning system, six channels of e

information are recorded; outer diameter, centerline deviation, wall thick-
ness, OD defects, ID defects, and a channel combining OD and ID defects.

e

During the scanning of the OPTRAN fuel rods and the Halden-samples, only
the DD defect and OD plus ID combination defect channels were operating.
Therefore, each of these signals was sent:through two channels in the
recording system. The charts from the scanning of the samples show two OD

*

defect. signals and two-0D plus ID defect signals. The duplication permitted'

electronic noise to be more easily identified. A defect indication that
was present on all four channels was assumed to be a definite OD defect..
and a defect signal that appeared on the two 00 plus ID channels, but not
on the two OD channels, was assumed to be an ID defect.

A calibration standard containing small transverse and longitudinal
defects was used to determine that the PEC system was operating properly,

; but not for calibration of the defect signals to a specific defect size and .
geometry. The calibration standard was scanned in a manner similar to the,

dunny rods. ' The defects were electron-discharge machined into zircaloy
tubing, and details of the size and orientation of the defects on the cali-

.
,

bration standard are given in Figure 3. Note that all of the defects are
machined grooves, with no holes.

,

The EG&G Idaho PEC machine has been primarily used, in conjunction

with other nondestructive examinations (neutron radiography, gamma scanning,
visual examination), to identify.the most likely areas for further destruc-
tive examinations (metallography, scanning electron microscopy). The equip-
ment was originally built, however, to screen previously irradiated rods
prior to testing in the PBF. Rods were rejected if the defect indications -

were greater than those resulting from a machined grcove of a chosen size
(used to calibrate the equipment) at an axial elevation of interest. Rods . <

were also rejected if the neutron radiographs of the rod showed a broken up
fuel stack in the axial region of interest. Obviously, pretest cladding .

defects and disturbances in the fuel stack could affect the failure of the t

fuel ~ rod during transient testing. !

6
'
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~

N A .101 .0021 .0059 O.D. Trans. O.D. 0.491" Wall 0.314"

Ler.sth 30"B .101 .0019 .0059- 0.D. Ion.1.

'laterial
C .101 .0019 .0040 0.D. Trans.

Ituat tio. 13/A
D .100 .0018 .0040 O.D. Long.

Specification Sketch by M. Yancey
date( Au9usE~1T, 1960~

E .100 ,0015 ,0030 0.D. Trans.

F .100 .0016 .0019' O.D. Long. .(a) Depth measuremer.t accuracy

is a function of surfaca
G. .101 .0023 .0060 I.D. Tr.sns. variations.

H .101 .0018 .0059 1.D. Long. Date September 5, 1960

I .100 .0019 .0039 I.D. .Trans.
g

J .100 .0019 .0039 I.D. Iong.

K .100 .0016 .0019- 3.D. Trans. p

L .100 .0016 .0020 I.D. Iong. Chester'E. Ar (cng, Jr.
Etut Specialis

Figure 3. PEC scanner calibration standard schematic. ;
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RESULTS

Adaptors were made for the dunny rods, so that they would fit in the |,

EGAG Idaho PEC machine . based on rough dimensions received one week before

the rods arrived at the INEL. The.PEC signals indicate that- the zero-degree '

4n

', orientation on the dunny rods may not have been exactly aligned with the

|. zero-degree mark on the bottom adaptor. The line of holes on Dummy Rod I

! seems to corrrespond with about 18 degrees on-the adaptor. .The data were:

i therefore adjusted by that amount. Since the- zero-degree orientation on
Dunny Rod II seemed to be aligned with the adaptor,' no adjustments were |,

made to the data for this rod.

The data from the PEC scans of Dunny Rod I are presented in Table 1,
and consnents about the defects are presented in Table 2. The oridnal scans .i

,
are in Appendix B, which Is' on microfiche attached to the back cover of this

, .
,

report. Included in Table 1 are the orientations over which the defect |

| signals were obtained. The rod outer diameter is 14.3 mm and the circum- i

ference is 28.6 nun, or 0.079 mm/ degree of rotation. Therefore, a defect
S |

that appeared over an area of 10 degrees would be 0.79 nun wide. A defect '

area' includes any disturbed area around a hole, for instance, and not just
,

| the hole diameter.

.

,

Dunsqy Rod II was examined and all eight areas where fatique cracks were
initiated were identified. Three elevations corresponding to those of j

Cracks 2, 3, and 4 showed defect indications at 155 to 160 degrees, as well
as at zero degrees. The data from Dununy Rod II are summarized in. Table 3,
and the original scans are in Appendix C, which is on microfiche attached ;

to the back cover of this report.

All eight of the major defects that appeared at the zero-degree orien-
tation had both OD and ID indications. Therefore, the cracks apparently 1,

'

exist through a major portion of the tubing wall. The indications at 155 to
,

160 degrees also appear on both the OD and ID defect channels. All 11 areas
would have been identified during regular test fuel rod examination as areas

'

containing possible defects and requiring further examination.

|.
[ 8

i
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TABLE 2. DUM Y ROD I DEFECT DESCRIPTIONS j

Defect Number and Description Coments

1-Two internal scars Shows as one defect indication; penetrates
at 50 m the wall thickness enough to show also as an 1;

I

| OD defect indication; would have been ,

identified during regular inspection
|

2-Internal groove at 1000 mm No indications definitely above background; !

would not have been identified during regular
inspection

3-External groove at 150 mm Defect indications regular, although small,
and would have been identified as a defect
region during regular inspection

i 4-External grave at 200 m Small defect indications at almost all
orientations; would have been identified
during regular inspection

5-External scan at 250 m Full-scale indication from 342 to 28 degrees;
definite area for investigation during '

regular inspection

6-Hole at 300 mm Definite indication over 36 degrees
o.

7-Hole at 350 m Definite indication over 32 degrees

8-Hole at 400 m Definite indication over 52 degrees -

| 9-Hole at 450 m Definite indication over 52 degrees

10-Hole at 500 m Definite indication over 46 degrees

I 11-Hole at 550 m Definite indication over 48 degrees

12-Hole at 600 m Definite indication over 58 degrees

13-Ridge at 625 m Small indications at all orientations; easily
distinguished and consistent

14-Hole at 650 m Definite indication over 61 degrees

15-Ridge at 675 m Small indications at most orientations;
,

easily distinguished'

'

,

16-Hole at 700 m Definite indication over 63 degrees
!

17-Ridge at 725 m Small indications at a few orientations;
would not have been identified during regular *

inspection
i

12
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TABLE 2. (continued)

Defect Number and Description Comments,

18-Hole at 750 mm Cefinite indication over 65 degrees

* 19-External reduced Definite small and medium indications at all
wall at 810 mm orientations

20-Internal scar at 950 mm Small indications over 28 degrees; would have
been identified during regular examination

TABLE 3. DUPMY ROD II
(fatigue cracks)

aClockwise Defect Number
Orientation

(degrees) 1 2 3 4 5 6_. 7 8

0 0 0 0 0 / x / x
5 0 0 0 0 0 x x x

10 0 / x x-- -- -- --

( ) 15 0 x /-- -- -- -- --

20 0 0 0-- -- -- -- --

25 0 0-- -- -- -- -- --

.

30 0-- -- -- -- -- -- --

35 -- -- -- -- -- -- -- --

40 -- -- -- -- -- -- -- --

50 -- -- -- -- -- -- -- --

55 -- -- -- -- -- -- -- --

60 -- -- -- -- -- -- -- --

i 65 0-- -- -- -- -- -- --

80 -- -- -- -- -- -- -- --

100 -- -- -- -- -- -- -- --

120 -- -- -- -- -- -- -- --

| 140 -- -- -- -- -- -- -- --

! 150 -- -- -- -- -- -- -- --

152 -- -- -- -- -- -- -- --

1 54 -- -- -- -- -- -- -- --

| 155 0 0 0-- -- -- -- --
' * 156. 0 0 0-- -- -- -- --

158 0 0 0--, -- -- -- --

| 160 0 0 0-- -- -- -- --

.

|
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.

It'LE 3. (continued)

Clockwise Defect Numbera-
,Orientation

(degrees) 1 2 3- 4 5 6 7 8_

162 '-- -- -- -- -- -- -- --

1 64 -- -- -- -- -- -- -- --

166 -- -- -- -- -- -- -- --

168 -- -- -- -- -- -- -- --

180>
. - - -- -- -- -- -- -- --

200 0 0-- -- -- -- -- --

220- -- -- -- -- -- -- -- --

240 0-- -- -- -- -- -- --

260 -- -- -- -- -- -- -- --

i- 280 -- -- -- -- -- -- -- --

300 -- -- -- -- -- -- -- --

320 -- -- -- -- -- -- -- --

330 0-- -- -- -- -- -- --

335 0 0 0-- -- -- -- --

340 0 0 / 0 0 /
-- --

345 0 0 0 0 0 / / x
350 0 0 / / x /-- --

355 0 0 0 0 x / / x i

a. 0 = less than 25 divisions, / = greater than 25 but less than 50 divi- .

sfons, and x = greater than 50 divisions. Full scale = 50 divisions.

;

* s

0
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i

DISCUSSION

i
The two dung rods were scanned using the PEC equipment at EGAG Idaho,

,

Inc. Of the 20 machined defects in Dummy Rod I,18 were definitely identi-
fied and 2 of them (Number 2, internal' groove; and Number 17, ridge) were

'
questionable indications and would probably have been missed during regular
inspection. Eleven possible defect areas were identified in Dunqy Rod II,
but the type of defects could not be detemined from the data obtained.
Because of the short notice received on performing the examination, only i

,

the defect probes were operating properly at the time. If more time had
been available, the wall thickness probe and the LVDTs, which give outer i

diameter and centerline deviation, wou1( uave been operating. Indications
from these devices would have helped to qualify the defect indications.

.

| The absolute size of the defects could not be determined because cali-
bration standards made of the same material and with the same type of
defects were not available. The relative size of the defects was available,
although many of the defect signals went off scale. Had more time been .

*
.

available, the scale on the strip chart coulG have been adjusted so that '

'

' the maximum peak height could have been determined. The rods were scanned
t

using the same procedures as for scanning PBF tested fuel rods. No special.*

car * was taken to identify the defect areas.

;

t,
,

t.

| e

6
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APPENDIX A

DESCRIPTION OF TEST SAMPLES AND LIST OF PARTICIPANTS
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APPENDIX A

DESCRIPi20N OF TEST SAMPLES AND LIST OF PARTICIPANTS

'' Description of Samples

:V . Two samples have been prepared, one (1.2 m long) with artificial defects and one (0.6 m long)

with internal fatigue cracks.

~ Both samp!cs consist of an open ended, empty Zircaloy-2 tube,14.3 mm OD and 0.8 mm wal!

thickness.

The tubes contain the defects listed in Tables I and II.

Table i

ArtificialDefects on Dummy Ro..'l

Defe. No. Axi.d Position (* m) Kind of Defect

1 50 2 internal scars

2 100 internal groove
3 150 external groove

4 200- external groove

; - 5 250 external scar

6 300 hole

7 350 hole
' 8. 400 hole

9 450 . hole

10 500 hole

11 550 ' hole

12 .600 hole

13 625 ridge

14 650 hole

-15 675 ridge

16 700 hole

17 725 ridge

18 750 hole

19 810 external reduced wall

20 950 internal scar
J

(Note:The axial positions are measured from an external,circumferential groove,100 mm from
the end of the tube tha. has no chamfer. I.ocations around the tube may be described by regarding

,

the lines of holes as 0 and measuring angular separation from this line, clockwise when viewed from

the end of the tubes with no chamfer).

19
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Table 11

Fatigue Cracks in Dummy Rod 11
.

-g.

A number of fatigue cracks have been indu"ed extending from the inner surface of this tube.

The numberof adal locations at which c.wks were attempted introduced are eight. It is not known
whether single or multiple cracks have occurred at each location.

~

(Note: The referer:ce end of this tube is marked with a short axial groove. Axiallocations sho rid
be measured from an inaginary axialline drawn through the reference mark, clockwise when .

viewed from the reference end).

4

e

s

|
..

t

|

| 20
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Information Required from Testers

1. BaugroundInfonnation

i) Alanufacturer of equipment, type designat:an

ii) Slethod of scanning sample, drive speed

'iii) Numbers and types of coils, how wound, spacing and other geometrical features
. iv) - Frequency (ies) used

v) Form of output

vi) .\lethod of calibration

' 2. For Each Dummy Rod

Supply one copy output / chart, marked to show the position of the ends of the tu'se

g ~ being tested.

3. For Each Defect identified

i) Indicate axial location on chart*-

- ii) - Givebest estimate of axial location and where possible, of circumferential locations

iii) Express opinion on type of defect
iv) Estimate dimensions of defect indicating uncertainty of estimate

'

v) Comment on care of detection of defect-

vi) Any other comments

Please indicate wheiher each aspect of interpretation is based on line traces, oscilloscope traces,
or other form of output.

,-

. .

1

r

j ) '-
-.

<
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