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Development of Eddy Current Techniques at PIE Facility

— phase [l testing for FCCI measurement —

Shin Kikuchi 3% Takeo Kitasawa 32
Tsuyoshi Nagamine¥  Shinichiro Matsumoto 3

Abstract

Eddy current techniques have been tested for future Post irradiated Experiment ;PIE
applications outside hot cell(the following, cell outside). As the result, applicability to the
defects inspection such as the cladding tube material was able to be confirmed, and an outlook
to the application to the irradiation material was obtained. The last time, report described
results of the external surface defects, inside defects, and open holes outside hot cell except for
Fuel- Cladding Chemical Interaction (FCCI} measurement testing

This paper mainly describes the results of the trial FCCI measurement testing outside hot cell.
Other tests include the results of external surface defects, inside defects, and open holes in the
proofreading tests. The proofreading tests used a standard defect pin inside hot cell.

in the trial FCCI measurement testing outside hot cell, the correlation between reduction in
thickness and eddy current signal value was comfirmed , and the prospect of FCCI
measurement by the eddy current testing was examined. As the result, the optimum conditions
for measuring the FCCI quantity are respectively Dcarrier speed of the pin :20mm/sec, @
test frequency : 32kHz, @phase : 0DEG, @ gain :-10dB, ®filter : 0.The correlation
between trial FCCI quantity and eddy current signal value was found on the basis of the test
result, and the prospect which could detect FCCI was obtained when there is reduction in
thickness of over 50 £ m for the cladding tube with wall thickness quantity of the 300 Z4m
order. And, theproofreading test inside hot cell on eddy current measurements were

confirmed to be equivalent to the performance test outside hot cell .

*  Fuel Monitoring Section , Fuels and Materials Division ,

Irradiation Center , O-arai Engineering Center

2 Fuel Monitoring Section , Fuels and Materials Division ,
Irradiation Center , O-arai Engineering Center
(Surplus weapon Pu Dispostion Group,

International Cooperation and Nuclear Material Control Division)
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Acid-3 15 30 45 60 75
Acid-4 20 45 70 95 120
Acid-5 20 35 50 65 80
Acid-6 30 50 70 90 110
Acid-7 45 60 75 90 105
Acid-8 45 70 95 120 145
Acid-9 60 90 120 150 180
Acid-10 60 120 180 240 300
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3 0.073 0.195 2.992 _ 7
4 0.177 0.196 2. 995 e m = Ta—
ST R 5 0. 261 0.274 3.020 PATTE R e
D (mm) W (um} L Gum}
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2 0. 042 0. 186 2.995 7 0.042 0.188 2.995
3 0.070 0. 190 2.998 8 0.073 0.178 2.995
4 0.172 0. 205 3. 002 9 0.173 0.196 2.958
5 0. 260 0. 205 3. 005 10 0. 261 0.198 2. 968
1 3 Y R—Jb
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4. HRERRUEEZR

4.1 BARERR

TR, MIETRUEBREREY V2 AWERANEERICEINT, BRICHT
L ERERE R AR VSRR RICL 2R SMETE B EOMEBIBEGR 2 F0IR
ML

4.1.1 RERIERFOEE

FCCI BEOHEITBNT, AERLERET5EDICIEIEETAEREZREL T
BAOBERD B, PESEE U TR, 321 HIGRLEX S RQ)RBREREK S04, 2
EVEE, @)1 @W74NFRENSHD, TNTNIDVWTORBEEEFIIONT
Bl k.

(1) B A

ABRERENT, HERECEEEET S0, Acd-1 P> (K3.1-321) 2HNT,
32,64,128kHz I DWTRBRZTTR - . BE T — Y OUBERRBICT22DIC. X &
SRUEAOZIZEFHAET 502, 32kHz TIX0° , 64kHz Tid 30° . 128kHz
TR 0CITMNMEZRELZ. ABRERER 41-1IFRY, JERY 7Y /B s
MEREBEOT—FZRELTED, HOLIEFr—FELTHALTVS, B
RBOABICONWTIE, TNEOH>TY L FRE &R D BEEN S HEL TROTH
S, BRREREZBRELEVEWITAWEZD, BERARERIL, Fy—OEE
T A& L. REELINTI2RERESEOBER. EFERIZEAEL,
REELICH L TERETH BN, ARICERERICRBEE /AL RILSEMLT
Wd, 2T, FHEEE 1 XD (S/N I : Signal/noise) 5., HHEEREZTEL
oo HPD AR BA. CHRIE. BEESENENTN 32,64,128kHz ICBWT, B
BREC LD ESVRDEETH-2EIT. BERCEHMIBTORET—4 2mRL
Thd, ZNS5ORA > MD SN Eil 82kHz Tid#9 6. 64kHz Tidf 4.5, 128kHz
T 3.5 THole. TOZLENS, BEFAERTHDEE., BRI T 2RHBAEZ
BWERIZH D, MEBEROFETHIEEDE BEEZLT2FERERIIZAEL
<LK B) DRNTHBZ E2EFELTNWS,

& FCCL MPIRIEERBITIL 8. 16kHz ORBRAFEEETRETZ 2N, U IN
TOADHEBREL S EFEAICREX AW, o T, HRTH FCCI BRABRHOR
BEABEIT 32kHz THB, ZOZ &R, H41-210RKTEOCHRERERO I ANE
ARERICERL L REERARN 5D 32kHz NEEEAEETHB I E2RALT
W, 2B, BREZHBRTHEALZRBHI. £ 3.1-2 TRLZ FCCI4 (Te 2R
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#&U, 600CX50h) TH5B.

BEDZ &5, FCOIMEI BT 2 RBREBORBFEAREE 32kHz T35
ERFUTHB I EMERENE., . MHIEOWTIE X BEERAIICHAEBESZRS
WAEGES, BIKR T O0deg MEBETH - .

(2)2 D HE

BOBEER. ARNHODBLOBERNS, JOHETHHILBEILWAS &
Eiizs &, = NHRPESOBARASHEEZS, Y—7IBRER. BE
WickoT. RELERNERTRETS /A XVBMBERBEEES. — 4. B
SOEARELIE. —RICERETHD /1 XEFEBRIPIELRD, /1 XELEF
OHBNEEICR A ESEEIEEIT.

ST, INSD 2 DORBEZEBICHAZTEVEESFEZ2RELRIThERS R
W, AEEBHEEBORBEFE L THREL R FMF B O BRES OBHRITE
AT 20mmisec DEVEEAZFTR. FITC.EZUEEDODNT A—F % 5,10,20mm/sec
IREL. Acid-1 EVERWT, MHEEMRERREERL 2. b, KBRS
TREEHEELVTRENEZ 32kHz L L, £, FEF—FIDOVWTIE. 75Dk
REBMETSEDIZ, TRTXEEHAMCERT LD CHNEE2RE L. Wik
HBRZM41-3ICRT. MO ELERXES. TERYERSTH D, HtmidREZE(L (FCCI
B) KT 2REREEME. Sy T RETHS. BRAESOAEYD
HIBR b, BEDIELV, 5 10mm/sec i2DWTIL, HET—FPEHRMASRZRINTHO,
Smm/sec BT, ¥ 7 C/ERICERSANE S ko iz, BATELH
SO EBEUS SNBER C RICDWTHEBSRHE L. YEEOHNERERS L, W
THORVEERBIETF—F L BEEHHOEEHIIRL. X EHIEB LB
Hefrridnwz Eicks, '

£, RDHEEORWCIAERSTOIEEEOER L2455 L. 20mm/sec DEE
F—HIZH LT, 10mm/sec. 5mm/sec DRIET—FIETE L2 5. 4 FITERBHRFIEE
HENTWBFTORERTH D, DF0., BHRFOBDOIY T X FHENEL
LEFETTHY., E50RELNRECTWRN, #-5 T, 20mm/sec ETODEDHE
ETIIRER DI EEEANDERIILNEEAS.

RICEBREEZEKELTHSB., ¢ K& TR, MROR 4.1-1 TRLUZZBARO
E—JETHD, TN50RA > M TORBEREFEIIAFETH > . Tz, Smm/sec
DEERBABOESNEBOHKN ERE TERN o). BERACMMETSHS
AS. BA, CHIZBIBAEBIOWTHERN LA, TheDOFA > MOREHE
BEIFEERCEO.I1IV)TH D, /1 XLRIUBRA%E (0.02V) THolk. TOIE
. 20mm/sec LT D% D EETIEEREORLIRL ., Y=< IBRITRVICE
LZ EEFKRLTVS, —BHICH - NHRERET 52V EERIE. SR
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BT HHHAOERMZ EIXBNWTE m/sec fHETH B EEDNTN S,
EROEABREIOWTI. 74 NVF 2 OFFICLTWBRBEHEH ST, /1 X35
BREFSEICERTTH NIV ENS, BICHABELZVWEEZ NS,
> T, ZVEEENFRRDEOBE AN S D, 20mm/sec BEBEELEEBETHL
IWTER.

@) 71>
FRIREBENRRTEL LT — VRG22 TH LT, EREENEVEhTLED,
o T, INHOHE/LEFIBE LR TREINHESRE GEVEE 20mm/sec.
BRI 32kHz) TIIBEAY T 10dB. #RT 34#4{% FCCI ¥ > Ti1-264B
THo7z, '

(D74 IF
TANFREFTE/ A XOAEBRSZRZFALT, PEEEOHEZRHTEISH
BT, FXEBTR, /18N EwsEnST7 4% LPF :1Hz L7,

4.1.2 SHHEBR

K 3.1-3 TARENZ 10 XOBBEA L V2 ANWT, LROBEHTEEET TREHRIC
LONEHERREER L. T0®B, BEAY COEBRONEZH B/ ICHER
BELUT, SHEBREEBLE. SAREL. BERIEERNSESHENAEN
EfrEEC %D 10 B > MBIRL T, &5 100 HEHRERL 7=, AEIEIEE
B7O—THEML ThEBEONERZESNEL, TOLEEREEE TSI &M
EELWY, BRESCVINABAZELT, BARICEEE—ICHRAL TWa kD,
TO—TREMLTHEHRLEOAERE LA EEAORAREZFEELEHEAET
FER D SPREICRI BT OEDICHER L.

BEAEY Y (Acid-1EY) I22oWT, 2RBEEBEEZTRN, To— 72l
TWoBERIZDWT, FLMOEFIBIZES 3 5. &5 7 AOREDLEHSE & EMeE
B THIE L 1 RORET ¥ EOREE{To7. MEOHEER 4.1-4 IR T,
BRI E S OEIEERL THBY. REECBI2AEOHERRE S PRI ED
AT, 7oy hLlk. BERZ2ICE—RLTWERELR, —HORIESEBRER
HE/MIRERE L ThWHERRASNT, HFIES D0 Tn5, £, MEOH
EERFS 3um EAINIENS, 1 AHETHRICEERWELKL, £TOR
e 1l MlETREET &L, _

RIRIERELL 7= 100 #EF D 0,90,180,270 EH D SE 400 RA > Mo DWW THIE
Liz.
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4.1.3 BHRERERESEOEEER

FEIZDONT, SHARICEIAREHIEHELBRERESHEOHEEZRLEZDDE
M 4.1-5 IR T, 728, B 415 KRINEZBERERZEL X FEHARICOAES
Hi &R 270, A ERE LHBEERMEL 2. T OMOBIERFITONTA, 4.1.1
TRUERBERHESRGE L. B 415 ORPOHRREIIHERIERE S RERESHE
OHEZR/N_RETRDEZHOTH D, NMIO—FOBREIT—FZ2HDL I ZPR
ENOFEITS WA TH D,

H 4.1-5 2 5HNERLERBERESEICIIHEBRRARLON. BERESENSH

 HREHETZES. 300um A—F—-ORHEEZLDHBEEICHLT. TORBEEL

1004m ThH-o7z.
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42 HUEFCCI MERR |
% 3.1.2 TRE M FP 10 & 0 RS W7o FCCI B2 2 MO T, LM S
WTHEE FOCI SRR EEML 2. UTRRBRRE TOERERNS,

4.2.1 HUE FCCILITHY 35 O AT

MEOEARAERBRICBNT, BERCLSARELERBREFTEE OB
WA, B FCCI R 2eHERLEBERAICISEHERIEASMI LEACHE
ZLTHZN, TORBTERIIERLZ 2D, REKRICTTIHEFRRD T &R
ENB, FIT BEAYTHALABESAICT, & FCCI E X ORIE 21T/
W EBONEESOMNHZENRTS I ETHE Y ORHERICNT DEEES 2N,
BEFPCCIIc k2 emBE Aot 2L,

9, BEAEY 10X DOWTEEARISEA (ZEER) WY 5E50MME
2R Lz, RFBEL T, Acid-1 B2 THRESNESOMBEMRTERER 4.2-1 1
Y. MEHAREBEROYER. MERXEE5THS. HPD 0-180° FRHZELLT
WBESNRBRAICHTIHETHY., ZOEBOMEAIIN S ETHD, MOBKER
EOREHBRENS, BRICHT HE5OMMEANE 0~10° OHETH .

5. K421 T200EFMCRINGEFEIBERE ORI ZERT H72HIT
DRRWED aA NP DETTH B,

RIBBAEY VERBIERERMOBREROERE FCCI EXIXDWTORESOM
HEMEFT L. ARSIt U BEBEY VIS FCCI-1. 3. 4. 5. 6 THD, HIEHER
ZENETNH 4.2-2D)~G)ITTY. 2B, B 4220)~@E)TRENTHH Y-V a
BRICBTHEEBEER. MABAN. Yaq > i, BT 5eEHBEROR
ENSHHUZ. B 4.2-2(0) FCCI-1 B2 (Cs-Te700C X50h ER) DEFDOHEN
HRTHD, K, 0-180 EARHCEL L TWAESHRAEEICHTIRETHD.
ZOESOMAAERK 0 ETHS. CORELMELAREICIABRTHD I LN
SRR OERENTBY., RERRBRTHREBRIILSBHRHEFACESTHS,

2B, FAEICE 270 EAFEICKERIGENRAONDA, TOMNEBICEEBEOSHER
BRIEBOWTHEERIZANTWENYROBEABE > NEICHEEL THWD I LRSS
N2 EMD, ZHICEBREEEZIONS, K 4.2-2(2)13 FCCI-3 £ (Cs-Te600C
X100h B&) OEBOMERTHEHN, EEREB IIRE Il o/, ZH,
BANMBLAERELTOARNI EEEKLTE D, Ih5RBROSBRRBRICB,
ThHERINE,

BIEEICH 4.2-2(3) + (D1 Te &, K 4.2-2(6)ld CsOH-CsI BRI L 5 FCCI
EoDEEOERERTHS. [€4.2-28) . )T 10-190 EARICEILL TWBES
BREZLICNTAHETHY., ZOEBONEAIRNI0ETHS, COREELD
Cs-Te WBEFAUL, 2HREAICLZBATH S I EABRBOSHEAR, DER SN
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7o

B 4.2-2(5) T, EHIT 10-190 EA MK 100-280 EAMICEILT 2EZ1H S
A, COEFRSERBROBER. 10-190 EFROESELEERIINT 2 IHE,
100-280 EAMOESIIMNFEREZEI BRI TIRETH . Bh, FE
KX 110 ESFMIZBEENALNSY, SHERTIEZORMTRBERPRNIEN
BRLTBY., hORTFICLBIBETHD I EVHEREINS, BERTFELTIE. B
RABEQIZD ORBHERR, TIIRERL>THWEE OB B DD L
FEENEN, SHEEMSIIHERTERPo .

DEDXDIZ, g FP L5 2HERIBERICEIZBALRUCMAMEAZBDE
5THD, REFRABRLIIFACEBLLTROES T ENTES, £, 2HERE
RAEEEES SEBRTIIMHEEND D20, BRFEOENERINTE ek
WHD,

422 BREFCCIEIEZAERLLBEREFTMEEDOHE

BEEY S ERRICHER TR BRERYE & OREROZEE FCCI E > D FCCI
BEUET S0, HEREZTRoR. FEORBHERMABEE 4.2-3 IZRT.
E72, FCCI-1 ¥ (Cs-Te700TC X50h). FCCI-3 £ > (Cs-Te600°C X 100h) . FCCI-5
Bl (Te600C X100h). FCCI-6 > (CsOH-CsI600C X50h) DEHEEEZ& 4K
4.2-4~K 4.2-7T1TRT. FEMSHRBRICKHABENHERETE S0, FCCI-6 E> D
ATHD, MO ILEEAEICELS FCCI Tho . BE. BERFERR T,
LHEBEOHEGEE LTI, E 4.2-6 OER A, RAERZE- LAEAORIE
K 4.2.7 DER B I22 3, BB, BEAL AKX GEICAERELOES
ZHNTHLIMMEERE LS, AREICX> T, bTMTHIH, MHEANE
R5D, ARELOES:2XERICETHATSIERTERWN, o T, HEZE
LICHTEIREERETRABESIT, VCHYHEL-EZ2RMERMEE L. FCCL A
PAREICHERE a2 N FCCI-5 B RO FCCL-6 B2 (0 EHME) DRMBHIESEEEE
FCCIEEDHE %M 4.2-8. K 4.2-9 1TFF. HOTERVUBEHIESE. LEIEHE
ARBRICK BB FCCI BEZRABEICRLAEDDTH . NASBBRESMEEER
FCCI BITId, RGN D2 ZWbh b, F7-X 4.2-8 1F EBHE TR,
B 429 ICbAERZENELD,
RIZET—FREDOWTHEZS b DEM4.2-10 K77, @ RNV 6 ML,
REZLERERESEICIHEREENA NS, SHEROER, 20 R
WONBIZIEEERIZHALTOWRELYROBHESE L THWA I EBEREINTS
D, ZONYROBRIZNTBEETHAEHEENS N, Th50F—FionTik
BBD 423 BEFABLKIEEEERYOEEIC TRNTBECLET 3, HPodR
HMIIABRERLEMEREFEL OHEZB/N_RECXORDEDOTH S, b,
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ZOHIEMNS FTICHIBICAERERLE. COHBREAWVWS &, RERESE
N5 100~300um OREZ S DEEEOCRNAIER, +35um BTN VFNTNH
Vo :

ZOHBERIIET—FIHTHHBEELEN, ZOREELLIEZERRICLSZHD
(K 4.2-6 DEIL A). MABRZSVLHBRICESDD (K 4.2-7 DFEEB) TH
D, MEZAFILIcREEITRo7. 2EBRICLDZHELL. HNABRZEUDRE
BESTT, RERESHELOMEZAEZBDEH 4.2-11 1RT, HPD 2 F0H
BENETNEEEEOHCL2AEEL. NABRESUOREERLEOERER/NT
RELXDRDEDBOTH S, HAELHEZIZEDSNh- 2, HAERER. €
HEETER L m 25 1T8Rum THY. LEEER 50um OREELIIHL THT
NTHB MG, BERBHEEBORHREICPWTIHREBRUT L5,
#oT, MABERL2EABRER L UTHRRAEEEET 525 BTORER
AREEICBNWTEEVRETHS, b, MHACISEEOHENE. BREERAD
NERHEEDIC X282 Eb4ER,. BELRWEWTRWED, TOEBNF—%
FeFR—=2{ELTBBERD B,

423 BEEXLDLRBERERYOEE

FCCI-7 ¥ (CsOH-CsI 600°C X100h) ZAWT, BEROEEEZHERT 520
KEERBREMBRORERFERREEZEL 2. TOESE, M4.2-121TRTXIICHE
BFIREI TIARESRESHE SRR FCCI BICHERS SN NT &Athho 72l
BRFRERIT 4.22 TRUZEVRE FCCI B RERESE LOHENRD S
Jeo TT T, MBOEE FCCI E2iTHLTH. ERES LU IIBEEERDOBRERH
TRERARZITRN, TOEROILEMLS. ERAD L IEERERDOEEICD
WTRHE L.

B 4.2-13()~G)BERREMBRORERARERERT. BENT LA EHERS
N2 Tz FCCI-3 EZ PR, EDE  bEEAIBEFIIM D RERBENRH .
FIZ FCCI-5, FCCL-6 EXRERAEELEREFEZSNENZEESHNE -7 ROBE
BHd, INEOEFRERFEZRETHAIETHRLTEY, BEFIBLLIEIER
ERPRERIIH L TRELTW I ENIMRAS, DED. INHEREETRE
BAEBLTED. BEBERICKLS FCCIRHEIR /M XERD, 2T, TO/14X
DEBESWEFHMEL. FCCIBHDUEEZUTITRI L,

XEFRKEBLTAS L, BRABENETH 4.2-136G)IKRENS FCCI-6 EIT
DWTH X EESAICETOERNED SENEN, ThMIFEAEEL Tz,
DEVAERLLBEAS L RERERMICHT SERRMEEZR> TS EIR
2%, $o T, X ERICIBHEEL. Y ESIIEERS LBERERYOHEMN
HAENE XD THNHEZRETDHET. ARTIMEEOIHZRIMT 22 EWAIEET
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BB, COTEEHERTHEDIT, XEFTHENRSNMDEARBRE/MICIRYE
SICREREFEERENRLNS FCCI-1. FCCI-6 ¥ > ORELLEBICH T 25506
HAZREN. BRER 4.2-14(1). @IFT. B 4.2-140)DEEFBREBDOEED
MEAELS L, ARZEISHTHESRLIIATUHSERNHICE{LL THAaN, D
£V, AERLIENT BB 22 TXRRCHATALIMHEIETS I LITRY
BETHD, #-oT, UHEEVERAS LIIERERMOESERETEED, ©
4.2-14(1). QIR T X DICHABRBICHT2EEE X EHIIRE L ESMTHEL
2o B 4.2- 14D SEERBRENO X EEEERDS &, 0.168v H 1D, BREBTI
0.164v THD. TDZE 0.04v ZWELLICHRET 2 L, K 4.2-9 DAEL(LERER
HESENS Llum Eizof, AHRICK 4.2-142 TIXEEE 0.04v THoole®d, W
B#ET llum &izolz, #>T. ZORED /1 XESVHERRICHT 2 EaN
DEBERSTR, BB, TO) A XHRMT. B1E 4.2.2 TRUEBARREROHIE
BRONSYF L35 0m KAMENZHOT, BAROEEETERTS &, $1+50
umBEONTVF LD,

e, AIROM 4.2-10 FO@ L > RIVOMUBITIILY RBWEEL THY, ToNY
REEERS LEBRERYENEL TEEL TS IHEENE N, 22T bk
DTEEZAVTILY BRBEL TWEMNBOES2HEM UL, HREMN 4.2-15 KFRT.
6 RETOT—F EHEFTREIIND. AEELEBERESHEEOHERITBTL
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mOHNIEok, UL, ERRBRSEORNEREERICHAVWERE2EBT S
TR, MERRBENERIL L2 LEBE RN, 58T, ERBEESKORBE
RERAVICRBER BRILER) ORIRBEEREL TS FETH D, EMBER
EHWERERGEREEREYT 2 LT, BREEOMERUAROMERIZLZBREEE~O
HE, NHEEY (RXLy b X2 FRE) RKEZBREEE~OEELR ENER
END, INSORITHEL T, HEEREDORMRERRICOWTIE, FHsER
BRO#RZ, FCCI MIERBRIC DV TIEHSERROBRESZICL, HBRFALTY
<FETHS.



N5

Al

LA

33,20=

33.20s

SEREE (BEFEOE)

{irisy 347.7

_ {18 3467

1=z)L5 LA

ald data het deta

T

32.189

ot )

HERL Y CHEORE

{riA 356" frigg3ese’

L4

exdd data

——t L -

’
-

A 35.7

HERKEY 4EEOM)

{iz4g4 9018

T

\

b " _\

F4.3-1 SERKME. EB7A. FERBOELNSEREREEIVAHERBEOLE (1024kH2)

£00—100T OI¥6NL DONI



— L G —

8K -26DB 26BDEG 1HZ
88/03/28 11:30  SANPLEZ10.00. ax

cold data] 10009
LR E
? 8kHz
—
-1.000
048
16K -2808 328DEG 1HZ
82/03/26 11:22 SANPLE:10.00 m=
1.000¥
16kHz N b, .
=1.000
0.00
32K ~26DB ODEG 1HZ
§59/03/26 10158 SANPLE:10.00 am
1.000V
32kHz
1
-1.000
0.00
64K ~26DB 25DEG JHZ
93/03/03 16:25 SANPLE:10.00 ms
1,000V
64kHz ——
~1.000

a.00

hot data
LR ER

A 8K -26DB 256DEG 1HZ
59711713 22:43  SAMPLE:10.00 ms=

1.062v
8kHz
0,938
12.54
A 16K -260B 32BOEG THZ
5 B5/11/13.22:48 SANFLEZ10.00 m=
0.914Y
16kHz L
-1.088
B.32
A 32K -26D08B ODEG 1HZ
99/11/13 32:58  SANPLE:10.00 ma
0,870V
32kHz
-1.030
.28
A BAK -260B 25DEG 1HZ
99/11/13 33102 SAKPLE:10.00 s
1.010v
64kHz,
~0.880

K4.3-2 FCCIDEINEBREREIARBRERDLE

£00— 1007 0T FONL DNI



0.200
0.180
0.160

§ 0.140

#0120

0
m}f_: 0.100

16 32 64 128 256 512 1024 3072
R H A (kH2)

——cold data
-u- hot data

X4.3-3 SERMEOESESRRBOHEE

0.350
0.300
~ 0.250
=
i 0200
e
#2 0.150
2
% 0,100

0.050

0.000

-t cold data

-2-hot data

16 32 64 128 256 512 1024 3072
EER R S B (kHz)

®4.3-5 RAEXEDOESELEZHDOHERE

0.180
0.160
0.140
S 0120
ﬁ% 0.100
% 0.080
E.é’ 0.060
0.040
0020

0.000

A cold data
-8 hot data

16 32 64 128 256 512 1024 3072
SRR R #(kHz)

£00—100T 016N DN{

H4.3-4 EBRTFLOESESERBOHEE

-&-cold data
-@- hot. data

0 10 20 30 40 50 60
BUERE B kHz)

H4.3-6 FCOIDES L RM DA
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- cold data
-@-hot data

16 32 64 128 256 512 1024 3072
SER R R E(kH2)

4.3-7 SMERKEDSNEL &R D HEE
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5. &Ee&o

BERRERREBZANT. BB TERE FCCI MIEQIEREERAREERL
BTOMRZSE. . BBEROTIVAEARICRERK Y > 2 AW BRIERB%EE
L. RBREINICBT 2EBOEEERETRN. WTOoXdBERERR.

(1) EEFCCI ¥ &AW FCCI BRIEICBNT, BRELHERMAFE. UTOXD
iz, ZEL. M. 1. 74 V7 —HBRERLD, ERELSET.

BREBBREEZBALZITNE RSN,
B DREVEE : 20mm/sec
- BRI A : 32kHz
- frAd : ODEG
A : -26dB
s T A NI — : 1Hz

(2) B FCCI B2 EAWEHRETR>72#R. FCCI BEMBWEREOEIZE
EHERZHEERSAD BN, 300um F—F - OHERZ b OHEEITHL T,
50 £ m P\ L DIRAR(LAFED 5N 5HA, FCCI ZEMRMNICRINTESREL 2
Bz, 7o, EROLFEIOVTERBL2H/2ILEITERN ST,

(@) BNNBABHAEREE. NERME BB, FCCIDETNTNOREREY - 2H

VT, LIRBABORERREERL R, IS TEELCHRTREL T
—5 EFBETHHILEERLE.
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6. SEROERM

#HE FCCL ¥ > % Fl\W/z FCCI DRHINERERER S M L /- i 5. IR T B 25
FCCI & MBFHIESMEOMICHBEGRIES 2. £, INEBABICBITBR
ERBICBNTS, SRMEGRR OMERK. NERE. 8. FCCD BT,
TN TR R RBRT— % EAEORERIC L 2EREENE SN,

SHIIEREAFRNEREAVERREERL, BABRBEEO—2& L TR
EREMIC X 2HBENREHEORHD FCCT 212 & 3 RHA O HE R O 2 i
LTVL . ZEOMBEL Y OREICBNTH. BEERICEA RN REEIEEL.
EXHTERLEBRERPOLS CENSERET B LI TR, foT, =
BORBRIZBNTIR. ZhSOMTEANOREESH, ZEL TV BERSDE
EATNS. o, FMPEREAVERRICBNT, BERIESESRAROHE
BRICOWTREEOR,. BHERR (SRR 2EHL, HET—FOERERD
DD, ML TWSHERHBEEZI TS, Efr, Ta—F)Fkw NT—rEi0K
RIND ) 1 XHHEITO MR E BT — 5 ORBER LT3 & 2 A0 kE<,
SROEZERCMEREIBFOHMCOVTEELEN,
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7. B &
FRREEMT BICHRD, T I 7y TRAOT —FBIEB L CEHEIT CHHHIR

WEBRFAER ) B4 8K, 7S 0RMICSHAL TIEWEA L4 25
B, CTIHERENWEALXICEIESOBEEELET,
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5 —1 RERREENT

(1) —RERXRRICBIT5RERZERR

WERRGHRL. FEMTRERETETH 20, SITEOEES 1 2 izBn
T, $E. SMZONTASMBROMFOFEEITHHIN., RFREICBL TR, &
BT NIBIIBEE. L2750  MeB 28 RBOERER SICERAINT
Wo, £, BRETIRMEE. B2 7y —0on—4—71— RORMHKE. B
HEDY 1 VYORBREPH—R 7 7 N—DRMEHRERE, £BEMLLUAICDE
AENTWBABEZITONS, BEKRO—-HFAEL T, h—R> 7714 N—8iiz
BIBRMEE 3 RIEDARYT NV THELTWARTFEIR 1-1I1IC%T, P

(2 RFHEFXERICBTHABHRIFERAER
BEFARBREORFENDMBSHE UTEY, PETRITEL, 8z Sns
2505, INHETELLETERMICEAL T, FEBHLICRITS Z & TEN,
BYNWRETS > bOBGREOML, BELOERIIRTIZENTES, RERRE
FABRREERE TERSNFEOEERA WD FEDO—DTH . MEfcRETS
MEFROPHECZANTHELLEFET S L TEYTH S,
RFORERMCBIBRIRLEEORRE ORTFREEIRERP S LAVEN
TWRFETHH V. TORMEORTFMFIEICOWTIE, 1950 £R K D EEHTH
RPED ENTE, BETE., RRAERCHMEORALBPRE ISD K2R
I X B MBRERRS— R TH B,

@) BEFHFEERELHIST3AERBERR

RO LS, BFASTTRREREEEROBERAR. 75 hOEERETH
D, BICENSHNFTAE L THAIMEAREAF (PWR) DEKREBEREIBL
TERENTER, BROWERRSBT T AERETHPETIFA L TH50RE
BEEERRE UABUERNECANSNTWE bORH50, MO TENTHS.,
Eh, BARREER ) TERIh TV REREEEE L SEEATEDEE
& T BB TENL TV 5. BENOBEFREEEBORIEC DV TR 1
—1IRT, 299 P, BN 1-2 RAFETFAPETAIHE L T 2 RERRRE
BONME L F— I REO—HEFT, O
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@) BB IRERFERR

BN TORERIFELEBOEREEHFE 1-212879. 752 AD Cadarache IZH D
IR EEERESR STAR TO MEGAFOX (N>Fv—78) ITREL THDIRNERE
BEEOWMBEEIL. METHD, FMF BERBWT, N BERESEE. FMF Bk
BNWTIR, EVRREBEZAN—ZA L UEHEHHE S IIR S OPFREITH 5,

(5) FMF [ZBIFHBERRESER

OFMF BEsR &

FMF BRI A L MEREFEAREE IHREE O/ ERKE. NEXKE. EiEfL
FLTHERE FCCIEORE) REDEAZERLTHREL TV, /HEXKE.
WERME. BELICOL TR, fiEREE (0 1) P TESHRMNOREL 2HE T
5. ZFEEIL. BEREINOBINERBEBOXEI AT LEWVSIHLERMTNS,
FREEL T, FHNEREEBOT) TRBEINTWS, BEFIEREED
ANETa=TaA kD, EREEEFRAREEES (V27 AFr ) F
BELE-OTNSE, Zhid, BT 2BRAREBOL D> BREBEERERIRSE 5D

T AFy RERGEERERE RN SMAMANRESEL AN SNAF ¥ ik
CEORBEALTHWRN, Fe, FFREBIANTWET 4 VIV FA—F
— QRIS DD, T—IRBELZONENENWE, F—FMI2ESIT
RABWEDIZHENMANS. > T, BRTEFRy NEABROESZFMT S L
THEEIR W, I$ENICF -7 0fR 2R 5 LTl ORMFELE BETICHE.
I OEBRIEROHMBROEGTNLELEDND,

@FMF #Ef3E

BROOBERFHEZBEBREC CHREBQICRBENTVS, HBEALL
T, FCCI #lE (RAREIE) ZR<HAEXRM. BEL. NERMOBRITIETSS.
FEFEEIEEaA N EETO-Ta1 ik, #REEENTN) 2T ZAF v >,
FLTIVAF Y. ANTIIAFYy 0 3 BHEOBRERENAETHS, 78
W T2 BERGOME, BERVEEZERLTIHMEEALTVS, 0
BB -3y N2 BREEFEALTRY., S50 UDRELEE
RHME > ORMIGEEB L BEESERETI LTI D ROEE, KAE3FR
HETAIDITR->TWS,



INC TN9410 2001 — 003

6) Za—JNRYrI—INNEERL-AERIEEHER

MEFRFHR TRIRMEERN IR RERSEET 5720, L7 REREHIH
WPABEERLONERTHS., - T, HEEORMEICELAFIN. I5RHERN
SAANEREETHEE, JIEE0AENKEL RS, FIT, INSOHHEER
W B F. MERREHRRTHONSG 8 OFRBIE=a—F N Ry bT—7
ERMRALT. RBONY — L BRASEDSNT NS, Za—FFy bU— &id,
AP OREER (Ca—-02) TE2RECEROGDL UV FEENT. £ DER
DEABRDENSHABBEND L BERLERY NU—2TH5B., Zhid. Bk
WRELEIETCDWTELOEHAE 522, TOREBGREEEL. ROOHEL
HUT, BIODEDBEREREL THATBZENTES,
EERNTIE. N, AZH BEREOBEIICWANADAEIDEEATLHICD
<D, MBRERGEREZTT 0> T, Z0F—F %2183, TLT. RRTESN= B
L18 DFEE] (BE, 1B HE, AR L0BREIVPa—-y—iEETIE, &
NENORMOFE, KES, BERE2EETRIZLTHS, '



INC TN9410 2001 —003

AR1-1 EROBERRGREDMEEE

FE A

BARFHHARER (R MR i RE

YWRERE : CRE

SER R - 48kHz (EARELEED
HEEEES : 10~100mm/sec

B AR—IVERR : 0. 5mmkl E

g : 0. 5mmEl E

R AEO20%ELE

B AR B S (RMasRTERE)
HRFERE  BKIFHEES
SER RS ¢ 128kHz
LS EE ¢ 10, Smm/sec
YoAR—IVERE: 0. 5mmEl E
& : 0. 14mmX £ 3mmll L
= BEDOS~208L

———

=

I
i
]
H

(ﬁ’ft}jﬁiﬂ.ﬂﬁ) _
MRFERE  BKFHEE
B EEEE : 0~100um

FEE : £5unm

EB LS RAR

JNC FMF (BXER®) — (‘R FEtR i EEE)

WHRHERE : FBRBEE (5. 5~6. smnfRE)
SEREIRS 1 16~3072kHz (F%iB{E : 1024kHz)
HRXEEE . 20mm/sec

EyRk—VERE : 0. tnmll E

g : 0. 2mm X £ = 3mmbl E

xS AEO~205LLE

(FCCIEARE)
xigeEtER{A : FBRIEEE (5. 5~6. SmnfEEE)
SHES B Lk - 8~128kHz (FB{E : 32kHz)
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ME1-2 BREOBERIREEEDLEE

E3]

TAUA
HEDL Richland,Washington

(R Pt L TERE)
A& E£0.025mm
M& 0. 125mm
B +0.76mm

7oA
Caderache

(BR{LREE)

B4« 3MHz

BIEREE : 0~100um

FERE - 5%

AEAR : FAVERF7O-T LSRR
1HHYDRES : 1

ST : 8~12mm (F+¥ UTL—32)
(HEEORSMEHED)

BiBEL . 250MHz

1HYDORES : 10

AL R
Paul Scherrer Institute

(BR{LERGEIE)
BE . £0.5um

B
PNC FMF (BEE®)

(R K% i 1 RE
ER—IVERE : 0. 1mmEL L
T& : 0. 2mm X F= & 3mmbl 1
xRS AEDS~205LLE

BE
PNC FMF (3#3%)

/L
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MBT—1 A=K T7 A N—E I DO RIREE D3R TR TH
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ek
Detector

3 & MPBEE
Detector and Sample Maving Device .
AR
Eddy Current Testing Machine

COM Peobe 1234
CHANNEL %2
ANGLE PICH, 10
DAY £)A0.06.55
FRE Mo

ZHBESNIRTTTR
Three dimensional plots of defect signal

LENGTH jmmy

LwI00 men

COIL : Prode. 1354 DAY 1326.0G05

N

T ¥
° l?EM\‘."‘H (Ll - =
// L]
. o BOTTQM
HAEELB A7

Longitudinal distribution of oxide layer

BrFHEHER A
Circumferential distribution of oxide layer

AERRBT— 7O
Data of Eddy Current Test

B BRRTFHHRER

t—2 HARFHHAEHORERFGEEE
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fFik—2 BERFGBNICET S MESRN

(1) BiEgsal

BWERERS O EBREINDEH T 1 V5 — (HPF : Low Pass Filter) & {EWEK
BEADAHEBBREEBE T V¥ — (LPF : High Pass Filter) ##HAEHBE7=HiE
74 Jv¥— (BPF : Band Pass Filter) KL D BERESOREBEBBEIE /1 XEBER
E7%.

(2) {uiBaE

RMEES, /A XEBIIEREMCHAERERF DD, XV MV THERTAIENTES,
—RICHEERRIEZ I NSy Ty TLEEEEHHERESTRIEL. EE52HA
T%. OTHEREES GIHEES THD. RIMEES (0A) IZ0A-cosf ELTHAEN
B, ZIT, OT &/ A XEF (OB) OHFIHEZEE 90° ETBZET, OB - cosd0® =0 &
20, /1 XERREHAZNEN., REEFSE/ A XEFEMENES 28 OA - cosb &
LTHAZENS, x ACKREE)

B (/AR)
~

N @

B vy

(3) U¥xHiav
REOLVANIUTEEEIRDZZIETIN EEHETIHR
B (]

“ Vs
fVﬁV&A\;/A@_ )/::ﬁ/s/l//\n/ # ‘ /\
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(4) 2 RIKHFER
RI2D2D0BRBBOBEEZERL TI/NIZEIML. &BEEENNCHNSEL TEH
T3, BONIEHAEREEREEBTHAL T/ I XEES2NHTHH5ETHS, 0
AHERBEARICERTE OBEREZB/ONZ 0, K0EEERBRHRTES, T A
BHICEDEBERETHZEICHLTHEENR TV S,

(5) HE &A=

1 W01 NZHEL, HREICBIIBELE 2 D0B20EEERBT2RER
A1V FRend. HEREBR - sSHEOX S22 ehRBEBICH L TR, 2 D01
WIRHITIRE U THRT 228, R R % ERMICRET5BRICETS. £,
WORITHED TN E BB OHNIE OB L AEREDELIC L S FE LR TS
7 HENRT I,

(6) FELEAN HELEAK)

—XNOATNVONDO—HEHRET, MFZEELTDDOREASE, MEOREE
ERETOBBRIMNRENS . B—HRERAR. BRES IV OMBER. HRED
HESBIR - THOBLIC I 2HBIIZTEN, BREICBIT 2B TORLERET S~
DIEHFCAWEN S,

(7) B—~Hzt

1 O NOBTRRETRSIMNENS. TTVa—haqlebind, ik
BB AR TOBERIT 2D RIS BEREREL - EE1NE 5 N5 DR
HEROFIR 0 252 B RN S B KE. ik & 21 )L OMBEIE. BARKOME -
THEOZ LR NI T S BEAE D ENT 51,

@) REMF

RPERZWL 72 NVICEEERBR S €5 &, ERFBERSKIC K - TEANICRER
NHBEEIND. TOEE BEARREETSRERIZ. BRCREES 2B (52
WERL 2} WEWREIREFLTHNS., ChEREDREEATVS,
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9) RERS
FLEfRZSfE % 5 H FHREMICETEEAMER T80 BVT, REDROEEE
EITHR.

(10) LPF, HPF

BEOFESETzEESE, ThUNOAEBRERCHSEFEZHLETS 74 NVF—0
B, LPF IJMERREERER T 4 Wy — (O—/A T 4 V¥ —), HPF i35 BRI E
BBT 4 W~ INIAT 4 INF =) THb.

(11) 54>
BHBRELZEATA2DHOT, BRENETESHE. BELTEESRIEN R ENR WG
WKEET 5.

(12) dB (FIL)
HIBEBRICBITAAHEE (VD) i3I EEVYOEEENS,
dB=20Xlog (V2/V1)

(13) AvE—H2VR

BEREESOREER. THRERT LR LS 2 E—F Y AOELEFIAL THEEM
TEHELDTH B, BHICIEA 7y A EBENREB., 1 E—F A LTTD 2 FEM
DEHRESS, T, EERTRICBNT, 1 2F 78 Y ARMBENEL 510, E
B DEN. EHEERTINENSSD.

(14) rtEfRHTE
MAABIICIE T Uy P FONS Rk, AHREEREEND S,

(15) BB _
RMGEFOEC—IEBEICT R0, VP2 yia EBEN5bDZERTS. &
FOEEEFMICE FFTXT ;S0 —F&HAL T,
XFFT % (Fast Fourie Transform Method) EiE7— 1) LZ#H
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(16) RIpiEH
F—HR VYo lBORER (FEE) TERRENS,

(17) BEIFEESE (F—AS )
TNwoDA4 2 E—F A BEHNCEEICHFEDI=y b





