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=HE

HARDFEAIEBEATOZE AT 13 7 HIT 1 EH S 5 R L HELR 2 (TBM:
Time Based Maintenance)lZ L D #ER SN T X 7=, 2D H 5 MEREE © TBM
WCIFFEREERE DS EH ST E 72, 13 7 AEORAEB IR FZRRILAZ L
W2 ENfER S AL, B - EIREIEEIN RO BN TE T, ZOREER. H
ARDJRF N ZBREE TR F IR B ORZ2E A& L OOB@Rm 45 2
& & HRIIZ 2009 I FEBATEICE /Y - BB e & 7 AR A I 2 3> E
TELRET R T LEBEAN LT, RE7T v/ T L0BHAICLY &K 18 # H
F COBPHEIENARE L oo, ZORBET v 7T A EFNERT 57201
KRB FLHECR 42 (CBM: Condition Based Maintenance) & TBM % #xiifl L CHIH 3
HZENEELL CBM OF ML EEMICHERT 228 HIThiL T 5, Ik
REESHAAT O BB & U OMERERSNAICH LTeE=4 Y L IRZE T 65,
F=Z U IRV IRFNREHOLZENEN LT 5 OIXERZHICIDS &
P L0970,

EEIR R OJREEZWr(TEBR s B 2 61) 13, 1R, 2.5 (RFT R, 3.8 L
YR 40ER, ST a—ROERD 5 ODOFENLRLY L, ERE,
K x DREDOKFEBIZKTHRALBE L, REWIZEZWT 5, ZNERTF
FEACY TUIDTE XL L. LIBEORS - #MiERE, 2.7°7 > Mtk 3.
FERR AL, A&SIREBEERLA T, E=X U o NE b, EMOSGE ., FIKPT
AR, BRI X0 BERINEE. 1HEah. ARk, RELEHm L. 72 Wik
ENLCREICBR T o0 R F IR EROGEILESZMZITTE RN &2
bbh, E=F V7KV TT U FEEERE L ERESORTEVITRE L
THETEAZENEEL 0D, AHN, ZR0HWT 21T 5 @RI, ke 720
WMAREHNHWB L TWS, ZHIIE~ LT — X NEROENVETH D,
F=F ) IR DRBEBEERSE AT L, 2 A b I =~ L TIEROKRFF A
R B LD LB LT 5 2 LITFHFEED CBM 2 A L—XTHAT 544
BRMFIZH D,

FB=F Y T OXMRIL, R T OB L B R EOFERIRERRN D D,
i OE =42 U T IXFEE I N TV D08 FIREZR OREBEAIZ DWW T
FFEARITIEE > T, FER 056, TERNAHPIZ 2 5 2 &)
OINHIPHAZ A7V — =2 73 D80 & RPTHI7E 2 @ kg E CHIE L5 o =
TR T DHEM R NEE L 72 D,

FFIZ 2004 4F- 8 AIZ 11 4 DI % i U7T- AV EE /) i1 /) R sl 3 1%
D ZRAREEBAR G LIS, BNE=2 U 7 OBLREE > T\,

Z Z TR TR IR ER OBEIRE &5 2 2 fE e O m AR EE %



Kl LIERpre=421 v 7V FEOWEREIToTo, =XV IRHRE LT,
BAKIFCH@EmEFCHE=4 U U VRESMUNE U Th DK AT RAELE %%
O, BB, BOE IR, BUENTEMIEEE, 2RO 4 FEEZ S L L,

WHRELE O JRFTE =42 U > 7 HRFOFZAIZE L RO 4 D OFRE % fRik
L2272 67220,

1 SHIX, BAMEEME NS BROWTFEZRETHZ & Th b, FEMEMRE
TF{ETH % UT(Ultrasonic testing)X> PT(Penetrant Testing) T 32l E 7% %5 K
DB TH Y | 25 DR T FI5 BT O i BIX I8k C ORI I3k FE e
WM DOYEINZ D2 5,

Z 20, ARSI IR E n]RE TR 23 N2 72 FERGHE R Al T-(EMAT :
Electromagnetic acoustic transducer) % W\ 72 WF5E 21T > 72,

2O0HIE, MIRREF TOLEMETHETELZ & ThD, HrLWHIEFE
YRR LA & fRGE L7,

B E=% 1> 7 H EMAT 1Z42£ L7z 2= a—4E(PER)EIC LV
200CORIRERE T CTHEMERREZIT O 2 & 2R LT, 7EKkD EMAT IZ
KBV A a—PENEORIEREIX4E203mm Tho7-, LioL, PER IE%
HWT=8E, RBEM, A7 o VAHE 12 220.1mm LL T O HIE RS FE TR
EFRECHD I L aER LT, o, W /A RERETE HMEICERT S
Z & T, 200°CT 2+0.03mm DM EREE 2 ER LT,

KiaE=% YV 7 H EMAT |ZJENFaREITAH S35 50mm & B IZFE Y
T 5 143mm (2L, B8 12.5mm, X 20%CHHY T2 KB E(E %t/ A4 Xt
2LLETHIHTE 5 Z &2 Lz, 1ERMES N TE o, Kkt H EMAT
[T A v UL TH -T2, L L., EMAT iREICRKE 72 R F 3584
LVEEBHRLRELRDEOE=X ) T BT )ICIIEBIA S v 3 TE
RN, FIT, BRI EN TV v T a A UL EMAT TIE7Ze < &5%10E
B LT T v adf VB EMAT 2058 UTo, W& I3k O AEE C
&H7% PPM HEE LV 1.4 (5 ORREFEIZ 72 5 Halbach #E&EZ A L7o, 70,
KA TR BB W DB E I ORI AT ZAE K &2 FREO L2 — 7 Bk
EHWCTHRET 2 FEAZHAWS Z ECRERBENM ET25 2 E0nMR T,

3-oH K, P EEPIREICH A2 Z L TH D, MEEZT T2R< 18
H OB EIRIZM A 5 Z ENTEX HMAMEDLERI LD,

EMAT @ 200°C O miFe kB & 18 o H IR % A i iR A MERER 217
STz, EORER, 15000 FERIQ21 » A)LA L @R AR S iz,

4 581F, IV DBERN 1 >0 THLNLZENRTEIIT ST
N2 AT O BRICHRAIIZE W) 2 THDH, £ T, 1 DOV THEOY
HEZHETXHNAT Yy e U 7 RRE, MGE LTz,
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HIEX ST, BERmIRE, AN LONERERETHDL, 20 3
DO EE 1 D EMAT CTHIET 525, MG & B 2 FIRFICEZET 57
DIZE YT ORE L 2TV, S ELZ R CHIES 5 2 & Tl
iR LT,

Bl R AR FHE, EMAT =2 A JUICiEh 2 BRI E O 2 b 2 [ET 5 2 &
THET 2, RBROFER, FEEORERmIRE L EMAT 21 L OEEIKGUE
DOFNCHRTERRIE LT 099 UL EO—Z &R T 5 2 L TE 7, IRICALE T
R EIR CORA /) A XKL 2 X - 7245 5, 2mm=+0.03mm R Gl & wJ
BB CTHD I LEMER L, BZICHEIA L LT 90°CE TOKIRDOHERER
AT o Tz, KHEOBERZERFBILTAEKIE Th D720, EHERE LS ERFEO
FHBARE A RO H Z & TZEMELZHE L FEE LA REI AT 52 LT
HKIBHEDBFRETHLZ EZMRB LI NAT Yy R T7DRAY v NI,
F—ECHETEHZ & ThD, W, MOGITIZHIRREF 2R ET D0
HEERRNLETH DN, N 7V v Kk 7 EMAT OFE. HATICEK
fFT DRERZEIT R, £, BOIREZHET 720, IREMELZ 1 20t
VHTITO ZEDBFRETH D, ZHUFIEL OT — X < T E—H VIR L
W T NZENCITEETH D, Fio. EMAT SihOSMi&IIZMchH v |
1 7720 OV THoBITORELVLELTLFEEOT 7 Ml E %
LG AREICOEMN TH D, AT —NV AV vy NEB 86, —oDk
UYL, 10 RALIF CRUIE T % LHER LT,

AgwCE, B4 SO EE S THRR L=, 5%, BBEDO~LAT=H )
7k T HIIE, B v I L D IREE Lo LN X HOERES
DT, TR SEINDLMEE G DT RETIEOMSINVNETH D, K
XZOHOE v I X DIREE LR & FTRE L 5 & P HF O IF4E
T LTz, FEOFER, =2 Y U ICHEATRESR Y L IE TR AR
L. fABRICEVIRGET 5 2 &N TE o, %I, WA KGO R T HECH
EHEOMENLETH D,
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1.1 B&pE=4 ) VT ORBEN

AARDRFFEFOLAT 13 » AIZ 1 EFEM S D R EECR S (TBM:
Time Based Maintenance)lZ & U #gfr Z4v, MAREE O TBM ITIFXIEMERMR A %
WA L CE72[I1], TBM EaR 4 o> F (Geiis) e O RE G R 2 SRS FHIIY . 7
IZRBEATO FIETH LD, BMAERYTH D 13 7~ HITRHFRRILAZ L &
DR S, B - GERIRATEEN KO DI T E 7Z[N3], £ DORER, &2
BT IS & 0 B0 O TEEE R BEES (-~ L AT =& U ) BT, T OB W R
(2D & B A O R R ] SO JE R S B AR 7 < PR A AT O IRTB L HE R 2 (CBM:
Condition Based Maintenance) D3 A 23K 5072 [G3], HFIZ 2004 4F 8 HIZ 11 4
DI 2 U T BT ) £ 5 ) FE R 3 5 D YRR BL A R s (Bl
IR FHO[TIILARE, AT =%V 7 OBELREE>T-, £Z T, HADFT
T4« BREFBEIIIR - J13 BTN CBM NEATX 5 RE7 17 T AflE %
2009 £ 1 HIZEA LT, ZHICED ., &iFOZEZ R L OSBRI L2 X
L2 ENTE, B - AR ITESCHR AR 2 RETHICRETE D
Tl KE 18 » A F ComEFHEIL N A[HE L 72 5 72[G3], CBM D7 IZE
=&V 7 WUNIAT O IZIE, AR T 7 BEATE Ve 2 RBE TR H T
HE=H Y U THIRERBE T2 ERMETH D, BRTHEMIT, bR
ERRDPMEABT DI ST B FTHHATE . MARFICHRAET DN ERED
PEH L22WEIR 2RO b 5,

FT=H Y 7D CBM IEARSIZAER R D) CBM (2 KD ZatETARN (I



[ BT 5 DMNZ2OWTIE, TBM & CBM Dt 72l A B ot 2 E &R D,
CBM (2 & 2 Z4term L3 BRRAIC RS S LD MFFE[LI] b AT O T\ 5, EoE
PERZBRAR 2 6D D IIXER 2 BICELD & D2 097\, RO R B2 W (16 B
s AR, LRI, 25T R, 3L My ALER, SahT
a—KDOERD 5 DOOFENLERY Lo, [ERL, &% OB 2 & HE BRIk
LHIRF A ZE LnarICZET 5[11], 2L TFIRERICH TUIHTE XD
&L LIBEORSE - fHERIE, 2.7°7 » ML, 3.IEERA, 4&5.F=41
7LD, ERIOGE, FRFT AL, BRI X 0 IERIE, EHEHh, &
AR, GREATL L. R2ERS A 3L TR ISR DS 112N, R )BT O
Al TEEMZIITERVKIIZ ENO b E=F V7RV 7T v M EE %
R L, EERAECRSTFENTTRE LTI CX 2 2 ENEE L D, HIRELE
582 AN ZI-OHIW 21T 0 1203, BRkx RIFIRZ R E I L 22 0 hid72
S0 M1, £DTDIZiE, EEOIERIIE L, ZOMERZRERITHE TS
LW BB L 72D, L L, EEOBERINEIITEE O 7
LD, T X MEETFR LR TIER GV, E=2 Y 7T X
DM OB L, E A R I =~ ATHESED TBM L0 H 28003
E 22 LITEERD CBM 2 A L —XZEATHBEFMHICH R D, =4
YT DORRITIE, R 7 E OB & BE 7 E ORISR H 5, BhRvR
FRE=Z U U TIEERE[OL RSN TN DN, B E=% 1Y > 72D\ T
[TFEIIZE > TRV, #IESROL G, REXIRPIRFMIZ R S 2 &)
IREIE A 7 V) — =2 7 B HA[I2, D1, S11E RETHI7E A Sk CIlE L5
ROEREZERCTELHINDMEL 2D,
Z I T, KX TR IBETOBARE &5 2 5 IR O M HR A E %
KL LIERTE=2 1 V7 FEOMEEIT T, E=F U 7 GI3EKFE



T M HYF CEUE R F i A [ CBRBECTh 2K - BXREE 28 O, Bl A,
RIS, BB PIRIRIEE, SZRMD 4 BEHEZE=F VU 7B Lz, %
HRBEDRFTE=42 Y » ZHMOMFEIZEE L. IRD 4 DOFRE LR L7
L7 B 720,

1 DHIZ, BIRMREED Z SR WFELRET L2 L Th D, — A7
BEMRAE TETH D8R IEERBR(UT: Ultrasonic testing) X072 175 £ 15 ik B (PT:
Penetrant Testing) CIZEEAELE IR BRALETHY . 2D DFTSIFEFO
TG R LI C ORI B B FE DM S 728 5,

2O001F, MRERETTHLEBETHETELZ L THD, I LWAEFEZE
PR LA Z GRS 5.

3 0HIF, BRPFEEFIEEICA S Z & Th oD, MEWEZT T2 18 7 A

DHEFHERIZM 25 Z LB TE DAL ERIND,

SHIX, L0 ZLDIFEN 1 o>DB Y TELNLZENTEIUET T b
W EATOBRIZARIIZE VW) Z & THDH, £Z T, 1 2O THEHEOYH &
ERHETEHNATV v Ry 7[S2, HA 2 1RR, Wilkd %,

BEAFFRAS[N2)IC L 0 7 IR BT O M AR EE OWA Z -t =% Y 7
D ITEIR N O [T10%, X3, 027, HS]ZET b TR Y | £ O I ERLE SRR AL
(EMAT: Electromagnetic Acoustic Transducer) 235 £ AL TV %, EMAT 38853 %
AJFEE R BEREZREISET SBRICHEMITE 2 LB L LRV, £2, BT
TV FEATN O FHEE BRI CIIRAE O 72 OISR U 7 BB K L~V o
PEBEFEW) & 72 B8, BEARBEE 2T L7evy EMAT CIIB R & H S 720,
L2xL. EMAT [Z/E UT IZHE~NEE MR RS E MRV E WS T A Y » b
bb, T T, AFETIE, T=X U 7 HiffE LTEMAT #3E LEHE T
ATV e I TE L RIEEWIET D,



1. 2 BHBE KIEMF (EMAT) OSSR

EMAT #2563 6. EMAT OFEERYHE Sz iid L7z, EMAT OfFFEIER O E
HEFF - TWA R, T2 ORFUIHFEIZ 2> TV DI TlidZe VW [H2], B
FRIE &L, WA OIED N A T ABGGIZ R EEERR( S — A ME)Z i3 & i
RFHN OB LD — L Y IREAT L, 2, BEICZEL
THZ LKV L-EERBRANICEEE 2 8ESELREEZICH LD
DTHD, ZOFWIZEZERMNGEENORF M OPNEESZE L Cigm L
7= DM 1935 0D Wegel & DHFFE[WI]TH D, D, 1937 422 Randall H 23 E
AL DO NEER DR BIKFMEOWRIE HIEEZBR L[R2, 2D X DT, i OW
IS L0 AR S D FBBAKITE b meon Ty, 246§
BTV T SELMRICE VIR ZE LZ[H2] & B 2 5,

AT EMAT DS IEREERR A HAT & U CHFZE S LD DIE 1970 RIS 72 > Th
5Td 5, Thompson HIZE > THANRL 7T 4 HOKEER L LTHZESN
[T1]. ZTDOHMHET V2o Tu—L Y JRMEOTED v 7 ) T A=
R IDIFFEDAT O [T2-T8, M2, Al, B1, F1, N1], 1970 £ 75 1990 424
T T INE S 3 ENE B I % L CEBRHEE I O AE 2 A H[K2, K3], #Hix
DHFFE[CL, 13, J4. F2]173 72 S % 3RS D13 IR EE MK S We 1457
RS 2155 2 LR D o T2, & 2T, FERRK S IE 1990 41805 2000
FEMRITAY | BB E I ILIEE(EMAR: Electromagnetic Acoustic Resonance) DA
FEAT D, ThiT, EMETHROMBEEZHIIL, BERkeRsE524T
i RS 2 R EEXE 5 6 D Th - 72[H1, 02-026, P1],

BB I IIW < O OREDFAET D, AR O X 512, SIS 2 /2L
ELBRNZ ERHIBCHINM T THRHATELZ L TH DA, KEE AW T
& % SH i (Shear Horizontal wave)Z 3 A S5 Z LR TEHME—DHIETHD Z



EBREQRFRTHDHH2], ZOFIL, BHAIEE R AT HIAT KGR 217
IGEIWCA TH D, JEBHE T CRAESE DRI TR 2 R a IRl DIz
AR S5, AF SN2 BE R II KM TR LEBEFR T CT2E S DB KT
B 2 BRICHEN I — REBT DR RBAE L ZIET 2 HENMET 5 [N4],
SHIFE— R L 227z K IfafE HH EMAT & L TONE BT TV 5,
WO, EEEEE THA U] JRFPAZRE D AE SRS EMAT %5
% L7Z[R3, X1, X3, T11], LU, Z 0 EMAT |34 HKEE 216 S8 5 720108
MAF ¥ N K VEZDOESUIHZIT> TVDH[X2], E=Z U 7 &21T I 5E 1T
[T A % v UHEREIXEE B O KAUL L 2 2 M@ OB LT DRATE R,
AKAFZETIL, IR A T v U2 NT L b RIEE=2 U 7 aRERFIE BT
T %,

1.3 SAREM

AWFFETIZ, T=H U & TITHERREERR & EMAT OFERIE sz flix 2
oA 7Yy Ry 2@kl TEBTE D v 7V FIEDWIEEZIT O
ZEERHMNET D, BE=X U U TRRIT, RTFAK - ESRTH Y, HEERFIR
T 5 200CHOEIRESEE T TR T& 5 EMAT B35 %,
HEOEMEIILL FOEY TH D,

B2 BT, ERTFIE L AT CRET IR FEZHAT L, RELEHT
WEIXH 3 w5 B CHEET 2,
FHIBIBAEEEECTT=4 Y /T HRERANTE =4 > 7 H EMAT
DHFFEEAT 9 , HERTF1ED 7)1 A = =2 —¥5(PE: Pulse Echo) [J5, T9] TIdfH T
RO EREE IR E FIE T 5 3L A 3 —HRTE(PER: Pulse Echo Resonance) %

REL. TOMGEEAT 9. £/o, MAMATEOHRR HAT .



FHAFET, NATY v KBV TIZOWT EMAT W TIT 9, Z OIS
3 ECHEI LEEERNE=% Y 7 H EMAT Z# i\ T, 1410 EMAT IZ X
DECE R ENRE . BUETRAL BE IR O 3 S OWBEORIE & FE i T &
5L EERET D, EUENTARIRE ORIEIZIL, EH &2 AF0 O A AR
ARV FEERET S,

95 ®mIL, KME=4 U > 7 M EMAT OMREZAIT 5, HERTIETITHEM A ¥
¥ BN LI T H o To S A & v S R 4T )L 2 A )L EMAT %%
T 5, £, BAAHEEIIIEROBARIEIZ A 2 BORRERN ER#IRET
& % Halbach #iEZ BT 5[X2], & BT, KKGALEREEIZ OV T HHT LR

i

21T,

«

%6 L, MITROMILZ1T 9,



$2E

5T R 2

2.1 fEEFE
2.1.1 ENAT O EB R EIRE

EMAT |2 X 25 I IR AR OO G IIZ L 0 2 FEOB T IRAEA D
=ALEHLTWD, A—ATF A FRAT L AHH(SUS304) DEE 72 T BEMEA
DEGEITe—L Y X0 BERNRET D, £z, KFEH(SS400) Dk TR
MR DG AT ENZ LV BERAEAET D, £F. e—L Y NIcL Vil
FWAIRAET DG ORAFH[GI, B2, K4, M3, T7)1 2 @il %,

EMAT [ZERBEIIERIC X 0 JEREfl CERNICB SR 2 %2595 2 L 8T
%%, EMAT 2T 28 K024 D95, a4 VICEBRERZ T &
GEARNEEIZECE T 2 RWHSG N AT Z OS2 T HIET 0.
TR b aA VER & T TN ERIE SN D, BRI A DEDE
TRESHC LV BEARNOBBRE e — LY NEMET 5, ZOE, EIXAN
DFEERIETILT7 VI 7 OEFOIEANE > Tr— L Y JMB) & B iRE) &
7Y WRERNEBEEKE LUsilkT 5, 2ol eaAATRETL L, v
ATz VO SRRE Y XEFBRRXOT T OEIE 7 7 T 5 — O EME

1EHINE
rort =2 4 (2.1.1-1)
ot
rotE :6—3 (2.1.1-2)
ot
7R A—LDERIX Y
J=nE (2.1.1-3)



EIRD . AAMEAT DR TR

B=uH+M (2.1.1-4)
L n, EEIGREAT
o’u. 80,.,.
L=——+F. 2.1.1-5
r ot? ox . ! ( )

J

L%, ZIZT. HA/M) ITHEAOMES, DIC/m?) IXEBHREE, JA/m?) BIRE
FE. E(V/m) 1 ZEROME . B(T) 1TWHREE, MT) 1. AN/mM®) ALK
FE47-0 DS, £ LT um) 1T WIEENETH H[H2],

o— Ll Y ik

F=J,xB, (2.1.1-6)
Thn, ZTZT, FlIv—v ) JIXREREEE L TBILFES Th D

[T4], = — L Y JJORE SITMEI & FFISIC K> TRIES N D DT, BE
W OMRMEIL, BRSO DK E SITEAFT H[A2],
WITTBBEMER OG- EIE, BINRREN EZD2WIRE 25, TR, RN
AT ARG Ko TR & FETTENAMGR U T T MPRHELEE 23K 22 Bhidi s D
T ORDFNIER 2T D, ZHUTEAMZEE TH Y | AN 2B 3R
B OMENEELTZL, MEOBEIRE 2D, ZOMENITr—L Y LH
AR 228, MSIIEN DI TH 5, £ LT, BMEIRIZES D H)
ME T2 & ENRAET DB O T NIE N K o THIRERNICHEE I % %4

SH5[C2, M6],



2.1.2 EE EMAT OJRE

EMAT # HlWTHEEE 2 EEICFTHIALYA, B THDH SH IR Z R ESHE
DR M R AESE D HEBKLETH L, BAT=X ) T E2TI5A
BRI (SH ) TRV, B 208 U CHRIAPNITE B I 2 o fh S 2 1T ITHER 2 %
A SH T IUTIREN %2 B S I TEHE L e, EMAT #5E1E, X 2.1.2-1 & 2.1.2-2
IRT LT, aA e RATHERT S,

2.1.2-1 1%, BEK(SH )34 EMAT T 5, 2 DDOEFTIEED K ARA &
WEE A NVINOHERSND, BRAER ETaA VICRIREREZIRT & #ik
BRI SRS T IR N AT D B O A7 A (IREY 7 1)) 12l & & =2 A
VD RFIFIANTRE LT C, B OB ER OB R L F LD,
EAEA T =X LOWEFRIZ LY [F CRMA TR OMEE2ZET 522 LR TE %,
MR DG, v — L Y I X o TR AET 208, BEMHEEROSGE
G K o TRRIE R AT D,

2.1.2-2 1%, HEEFEAH EMAT Th b, 3 DOEFIEREOKABA &k x
IANINOEHEREND, WIRER ETaq VICRTREREZ RS & HRERE
TV FE (B 7 A MG 23 R AR % o MBI D JE I B T A TR AR D JE I B & 5 L < 72 %,
EEA N = XL OMRFEIC LV R TRA G OB 2 ZET 52 LN TE D,
HRIMEIR DG r — L Y T Ko THER I AT 508, BRBEMEIR DS E SR
NS K> THEE SR AET D,



Magnet

S N

“ HOQ 0©0®
0@ ® F PR D

Eddy Current

Specimen

Fig. 2.1.2-1 Shear horizontal (SH) wave generation mechanism of EMAT for
measurement of thickness
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Eddy Current

Specimen

Fig. 2.1.2-2 Longitudinal wave generation mechanism of EMAT for water

temperature measurement.
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2.1. 3 #13 EMAT (D[RR

RME=H VT 2ITI5E, BEREARDICAFSELILER DD, X
2.1.3-UE, & E 3 A L BICHW K ARGA 2 BT M 2 2 HAZE 72 2 K 9 ITEHK
iff = 72 PPM(Periodic Permanent Magnet)fé £l & L EMAT CTd 5, KABA D
NSNS J& 1 & [7] U O SHIE A AR AARPIZ AT H[T7]1Z L5 SHIEE DI
FIIKAADIEED2UE L 72D, T DT L0 bR ESL, BAE Za, BT

0, BEROEHECIZIE, X2.1.3- 103607 F 5 [X2],

e
2asind’

F7o, R2A3-1IpREEE E 2 A F 52 LT, BERE ARSE L RTAL

(2.1.3-1)

ERTEDLHZELEZRLTND, WIEAT v 21Tk & bEREE AR
LRI 2L H 4528 TEFAF Y UMMTALARERDH S, Zhid, B
EELTCRMEE=F D T ETVRENL X EEREZBIZE LT-WIEAIIIAEHT
H D,

B, KARANHENE L, mERERORESH 2165 TE 508, Bfin
TELGG. RESGORELH VNN 0 | BAa OBIRE S5V 720
RIS TN EE T 72 5, PERMIFE Tl ImmBL T O S O K ARGA T TE 77,
B 1.6MHzEL F OB COEM & 72 H[H2] 2 & 3 E STV D,
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Frequency: f (kHz) ————(=q)
Velocity of SH wave: C (mw/'s) i
Magnet thickness: a (mm)

magnets

Inspected
material

&

Lorentz force

™. » e

Ulirasonic wave (wavelength: A

Wave front

@ (refraction angle)

Fig. 2.1.3-1 Periodic-permanent-magnet (PPM) EMAT structure can generate
angle beam.

13



2.1.4 /\)LRTO—(PE)i%

A ERE 72 & C— AR W BTV S HiEIF SV A a3 —k
ERREND HIETH D, VARG LI, BMEWESEH DR THRD KL%
BN bDT, KIE L EEDOH O THM AN b DB E RS (=2 —)
AT HHER SNV AT a—ETh b, BT 6RE L F IR RO
RERICET D &L, BOEfl IR - TL 5, AR SR LT
HREAX %K 2.1.4-1 1277,

rSV AT a—iEz O BLET P ORIEFREIT, K 2.1.4-2 (R $ X D IZHE
U785 I S S O LI O LB C%I59 5, LovL, B
Bif0 & B CRPADPMYIESND, Tk, ST E VD, BERMREIIH
BRARNORIEHEEEICIS U TR T 5720, 0S5 2 IcZEE T3
S 722050 I U BHIHAIE L <47 o7 2 BILL RO K UKRFH
fREZHET DL TREZMETE 5, 2B, HREROBEEEO T HEIIHME
WKFET D7 DFEANCERZIE L TS LERH D, £/, 1 [HFIOMD K LK
SHIME 1 (EEOEBECH YT 2720, BEMoOEEEZFIHT 2 2 & THRERD
BHREIEREDS S T & | Jox OFRVERIE & IEIZ LV RO T-RITE L O 2D RA &
L%, TNEANTRT L WET, BEREE V. ZEE—7RMtET5 L,
N 2.1.4-1 DFRIZRBLTE D,

T: pu—
) > (2.1.4-1)
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Ultrasonic transducer

Pipe wall{ ———————————— Ultrasonic-beam path
Thickness| -~
Fig.2.1.4-1 Principle of Pulse echo method
Amp | i tude

Transmission pulse
Provides mesurement
of wall thickness

Lhs

| Time

I
Multiple reflections

Fig.2.1.4-2 The ideal pulse-echo waveform attenuated by multiple reflections.
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2.1.5 BB TR (EMAR) i

FERGHER B LNV TR0 O OAFSEIC L 0 & iz Bk Th H[H2, 02-026],

EMAR £/, EMAT % AW CTa BN OB E I IR A7 b Lo SRR & FET
THFETHD, ZOHiEIL, EMAT OFFEREMM: L BEKIERBOae—1 o b
PERBEWOEFAMNE D 2 &N TE H[028], MHNE. H#HROEAFRMR
[ SN TWTE[K2], D% MREWEIPHO T 2R 2 A —r3—
T A N K DIE BB EMAT O&RIEL P EATE B TICICHT 512 8
DIRENELND L 9725 72[F3], LB RS TH B FEREMIEIIR - TR Y
PARRE AR M OVHEILCE 72 & OB < D OREI T EZITH 2
ENTE D, o, EMAT TOMEITEEITEWRBEER- R LF =BT LA
EEbe W, [EBER T CITIEN RS CHREE B SRR SO EER
HRERDIAGDLZENTE D,

EMAR % W72 EORIETR 2.1.5-1 Z AW TIT 5, @BEFRILIBAALS K
WL, FEEEE R LR b, lx OFEROREZRITT L2 L1cko

THOLND AR DG n IROFEAICIG I £, 12,30 2.1.5-1[Ad) TR D,

S = n(ij (2.1.5-1)

2T, AR, vIFBEROETHE TH D, FEARILIEER I K F UTHRE
DRED, oA OERERIEELEIZL D ROI-REE OENBREL 25,
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2.1.6 R
i CORBREF I, BWREZ BET 20N H 5, miRRFOHRIEIT 2.1.6-1
TRITE D, MRT CERICHKEOEIAZNET D ENNETH DD,
AHFFED EIRIFOREITA 2.1.6-1 Z W TR DB Z AN 5,
Ly =Lp +aLy, AT . (2.1.6-1)
2B, AR TR 2 MEMEEIREL o 1% SUS304 2% a=17.3 [10°/°C] [12].

SS400 78 a=11.8 [10°%°C] [2]TdH 5.
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2.2 REF%
2.2.1 /8)LR T a—4E (PER) i%
AR BB IR OSLER 252 5 L X 22.1-1 O L) REERFDEHEIND,

Lol T ORI IR L ARy AT 2 REREO BSR4 15 4 %
WD, 1 SIS BRI &M T 2 & THENTIIET 5 2 110 X 0 B2 A
B THY b 1 SIS BRI B S5 80 & URERORKS Th 5,

Amp| itude

Time

Fig. 2.2.1-1 The ideal waveform image of ultrasonic multiple reflections
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Power
F2

Fi
F1’

F1’”
Y

L1

Fig. 2.2.1-2 The ideal FFT form image

Frequency

I 2T A A il 7 — U T (FFT) (2 L 0 BT 5 & K 2.2.1-2
DE D, F2IXZE O K UERERS S Th 523, F1 225 F17 13K
JEN TR 2 JH I TH D, 22T FI'-Fl ZIHAREHAF £ B2 D L

TIER22.1-1 TREND Z LD D,

v
:’5;?. (2.2.1-1)

T VIFEBEROETERTH S, 20X 22.1-11FFK2.1.5-1 D@+ EFEL
W& 7%, EMAR IEITEE B A+ % 2 Li1Zx L, PER {EITZA5E % FFT
THRET TNV, JERMA S HICE< 25, £, HHEAIZIZ EMAR &

FRROEEPGEONDITT TH D, AEERmGIOTDITEZEHD/S—A M 2L
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2925 EMARJE &S IZEZ2Y . L0 /D7 A_—2 NEB TR SZIEREZS T
EREEOHIENARETH D MORRAEN NI L 705, KRFEORKGEIFE I Z, F4
ECEET D,

222 N (TYy FEVOVTDOWE
JRFFEEHONNAE=L D T EATHICEE L, B v T HIROEEL
FEERBERCTHDH, 22 TRV ITHEIFOM EREEEZ LA 2 2DF
AT o D, 1 DT EEOGEEN, @REMTHD, SEETHETE S
Z Ll BWORE DR EIZoR S, b O 1 DITEEOERARGHN T
HZETHD, ZOEBDEREGDHI-DICELOE V2 L HEET D NE
MHDHMR, ZIUTE A MIORBHT-DFER L LU ALIEET 5,
FZ T, AR THWAANAL T Y v Ry v ZTOMEEZEAT S, N7
Uy Rerv o7 L BEomEEEZ 1 OtV THRIET S Z & THH[AS],
BIZIE, 77 A DT7 T v TFOREIZLDEAZFIH L CRE LIS 7
T2 [FRHICHE T 58 Td H[S1], A & BAFFHIFHTE 5 2 &2
200XV y FMR® D, ERIZEF LIREFO 2 FEOE I OREDLETH
SR 1 OO Y TIWeHa X MR OGNS Z L, OV EDITEL
IR ORE N — BT CRIRETH 5 I DAL B ICKAF LR BN 2L b &0 )
ZETHDH, AL, EMERICITREER Rioknn, =57 Ay e LT
I, 1 SOB Y NHIET 2720 TEEOFERZMETE R R LTH D,
ZDTD, "ATVy FeV T EBITINAT Y v R EIER Y T
JVTCTAMEIC B, RECHIEDNHERE YRR WEEZE X S, KartT7 b

(X, 254 FETHGEET 2,
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2.2. 3 EHEEEZRAW-KERRIEE

J 4R O ERBLE N O KIRBNE IR, IREFH 2Bl NI AT 2 51ER
FACE L7 EER T CRAT 28 RAFIMA L TRIET 22 8 TE %, EMAT
ITEAB IR MR T2 DR K BE W DO ZAZALE D RS T & 220 2 DI KR
EIXRECHL EEZX DN T, Fio, REMALLEOLE, =n—T a3 -
an—Ya LR PIC X VAN AE LEGA. BEEMEET 5 BEOMIEN
VBT & 5 T2 OIRFERNE T IZIRPNE 217 > THIIE LR T U Ze H 72wy, K
D TR (B IR AF L B3B3 BB B E N 2D ORI b &
H720, WEDN/NSWEZEBHERE—27 38N, oT, 60 LOIRE
DbLPoTRIET, WEEZERS L, 507l & B Ui E oM A%
AR D [T13], b L<IE, EEER & ZERE CHEMBEREZ KD, HHE
AL FHE7RZEEZRET DI E CKBZRETHIENTEDHEE XD,
ZDLE FT—Hxm)E ym){E HiTn=0,1,2, -, N-1 YO AR Rxy 13X
223-1 TEREND,

R, (k)= AE&ZUQ-yOr+k)(k=Q1V“,N¥D . (2.2.3-1)

s
N

T, T ym)IFBH SN DR THY . 7T —F x(n)ITHHEZ D 72D D
SRR CTH D, FRDSH 237 K512, FHEFABIBEE O VL5 I 00 A Xkt
EZT 5 LN bR LB L S ROEE ORI CTh 5, FHAEMBIEIT,
BERNOEF OO LBERBEIE 2T 2DICANTH L, KFET, &F 4

ECRIET 2.
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22 A RME=S ) VU RMBREE

—IRA LR E I I LD RMRE T 2K 2.2.4-1 1RT, 22T,
BE AR IERE TR T/ 0 & B EMSIRIFR N DRE TE 5, O/, Kk
WEZX 2241 ICKVFHETED, 22T, LIIXMWE COREERE 0 13E
Pro CIXHEHE, tITZEHMTH 5,

L:%%me (2.2.4-1)

Z ZC.EMAT OE#H AT 2.13-1 THWTEHRET L2208 TES, LiL,
Z OJEPTA & AW TRIMFE 21T C b IEMARNLEREN TE RN I & AR
Sz,

Z 2T AT TIEIR DA A NLC L& DIRGE AT o 72, (6K IR O &L EMAT
(THEEREENERZ RO A X v 925 2 & TRI|FAEZ{T > T & 72[R3]
N, AFEORME =2V o HZ T Va3 LR EMAT 13855 E N E S %
FEVL 2N T DI IR BRI TR I DS HE SN AH[X1]Z &b R O
BN KRG LI S CnWD & B x5, BESNBERIL, K TRH
LTEZEEND, Z0LEMERTIED X D ITBEFW S E R ZFE O A 5 v
BT O HA . b RFATRENE < /25 D1EK 2.1.3-1 TRELEITADONETH
D0, BRERETERBEE L THERNT 25813 BO TN 6 & o3 &Rk
e B FLEEE CHE SLEITAR 2 3 2 JEIT A (A 2 5 2 8 o oy 03 e b PO R EE
WERWNEE 2 D, ZhUE, H2242 1T L9512, B ERBAEZZELS
W26, ZIESNDEE R DRI AT D Z L8 FFT IZ KV R S
NDZENDL LI ERGET A2 MNERH L B2 5, 2T, ZIEEFD FFT
FRNT 24T\, KRR S Z & L TR 2242 ICRA L TRMBREZEIT . 01X
ZE LTAEBNORELDETATH D, ZOROBERERELI1Z2243 T

RIRTE D,
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. C

= 2.2.4-2
s 2asind ( )
L= %sin o' . (2.2.4-3)
AKFEZ, B S ETHRIET D,
EMAT
6
Ct Defect
d 2

Defect distance L
Fig. 2.2.4-1 Relationship between EMAT position and defective distance. A

trigonometric function can express.
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Fower
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400 a0 G000 F00 200 S0 1000
Frequency (kHz:

Fig. 2.2.4-2 The FFT results of the received wave when transmitting a ultrasonic
wave with the excitation frequency of 700kHz, and changing defective distance up
to 90mm - 110 mm. In spite of not having changed excitation frequency, such
strongest frequency component is shifted to the higher one that defective distance

becomes near. Excitation frequency, it was the same tendency even if changed into
650kHz and 750kHz.
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FIE

EREBRNETE=42Y VIR YOWE

.1#E

FEAT=2 Y v T DONA TV v Koo 7 %47 9 RiEESM: & LT, EMAT
ZHWTERBERE=Z U IR TERINER LRV, I, miERETH
EREECHEAT 22N TED L L, RKR 18 7 A OEFHEIRIZMHT 2 5 DA
WEMZDZETHD, o, OLOOREBEH THTEITOXENLETH D
e, FEMICARER A N TR UTRENTE 5 Z & 2B AT
TWRMETH D, EMAT WHEITEEA1THONTEH Y [TI-T8, M4, M5|miRERE
TOFMMA bR SN TWNWD, EHEL bmEEEEE 6 AU v ) HEREREEE
& LT EMAT OBA%[X1. A3]Z4T-oTCWAN, Wbt =%1) 7HT
T, BEHAE=2Y v Z IR FFICONT, EREHETFTTEZD,
BIVE IR SRR TE AT 3 S UCRELE R F I OB FER N HE L
7o 7 —Z[INSIC K AuiE, BB WEI, IIERERKAE(PWR) K RIZH W T &
ho THBERKITREICET 2 HIREELZ TD L2E8 T ITES<, BRY—F
ANHET DB OMMERERETIL 4.7mm LLELECTHDL E A, Kb
ZAT04mm ThoTo, £, BWAITELE O L TE LooTo, £7BEFEHE
(BT DA A EMAT O RS IL 420.3mm T - 72[J5], BlE AT =
2V 7 FET DI, A< &b MMERERLED 4.7mm LU T ORE %2 564
ERfo CHIETE, 0.lmm L EORENERSIND E5 X5,
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3.2 ENMAT &4
3.2. 1 BT
PI¥E AR, PWR “RRICBWTHEA SN D THEEM KIS IZE T 5 Hdh

BELZEOLHET] 1K ARY—E MR T 28 OMERERMETH

5 4Tmm ZFEERSE=2 ) 7 TEDL T EaxtG e L, 1ERMIZED R R A
TH 5 4103mm U EOREHENGOND Z EE2BET 5, BRI, MHE

SREEEIED 2 500 EOSR L 72 % 2mm OARJZHE & 0.1mm LA T ORI E R B 4 B

FEEE T D, MR AL, SRR, &R, MARBREZIT O, #k

ML ERPER D SUS304 & sREGHEIARD SS400 Z VA 28, EiRRER. itA

ARERICHOWTIE Y OS2 HER T 2 72O IZRBRF ORIL DB 2 Z

B WEN TR SUS304 DA EFHT 5, MHARERIZ DUV Tl 3.4.3 Mif/AGRER Tk

X5, FAFAEZR 3211 ICELDHD, £, FxORBh A~ 7 2 A —X

THRIE U7 a iR YE & 72 B RERIE R R 2 K 3.2.1-2 1T,

Table 3.2.1-1 Development targets

. Limit of Specimen
Max. temp. | Durability Accuracy i .
o measurement size Material
(0) (hr) (mm)
(mm) (mm)
200 13000 =2 = £0.1 70W X 100L SS400
X2,5,10, 15T | SUS304
Table 3.2.1-2 Specimen thickness measurements
Official thickness Real thickness using a micrometer
(mm) SS400 SUS304
2 2.00 2.00
5 5.02 4.95
10 10.00 9.95
15 14.95 14.85
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3.2. 2 KAHBHMHOZER

EMAT % @EHEEICT 510, B2 ERELN ESELIMNERH D, £DD
W2, MR THOEmWEREE AR T OMAaZBET L2 LNEETH D,

—RENZEWBREE A AT oa1E, 34 LANDEATH D, £70. =i
THHBEWBREE ZRFFCX 2~ 7 A3 9L MSmCoa R H 5,

Z ZC. Nd B (15 45 N42SH, N30EZ)E SmCo R (15 Bk 221l
R32H)D &l TOLRME ) iHe & FREMREE Br 22l Uz, il Lo R 2 X
3.2.2-1 & 3222 1R T IrFF N RBERRE L & B 13K 180°C T Nd A1 & SmCo
Bifi OSBRI XRS5, B=F ) REIX 200CU ETHhDH L EEX L L
SmCo A NARTH D Z &ENbh D, % Z T, SmCo féA (R32H, R26HS) D 240°C
FCOmmIBIEMIMRZ R 3.2.2-3 17 d, ZOK KLY, SmCo WA THiLiX 200C
THTFaRHTE L ZENnbinol,

o T, RFETHWDHATEL, SmCo Wi 2% E L7,
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‘ ‘ ‘ 40
3.0 o —— —B— Nd magnet (NA2SH) |
I 1 —a— Nd magnet (N30EZ)
—@®— Sm magnet (R32H)
| {30
20N =
= =
~ 120 —
_:%:_) - : : : ! £
1.0 [ i -
i | \ |10
.o i——— ——
0 100 200 300

Temperature / °C

Figure 3.2.2-1 Temperature dependency of Nd magnet and SmCo magnet where
iHc represents the magnetic field strength. The field intensity of SmCo magnet is

stronger than that of Nd magnet for temperatures higher than 180 degrees C.
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1.4 ‘ 1 1

1 —fl— Nd magnet (N42SH)
—a— Nd magnet (N30EZ)
—@®— Sm magnet (R32H)

2T S .

0 100 200 300

Temperature / °C

Figure 3.2.2-2 Temperature dependency of Nd magnet and SmCo magnet where
Br is the remanent magnetic flux density. Br is stronger for the SmCo magnet than

for the Nd magnet for temperatures above 200 degrees C.
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Demagnetization Curves

12
110
18
- 6
" 14 &
12 g
e 1 7
T o
R R il VAUV 8 0 Rl CR e B B
S S e 4
/AR B AR /A 1y V3 NS S BN N
S/ Liggie . |R33M H 14
/o [oas00 T IBe=1 163T at 20°C [] 16
A R [V X R S S B-H 1 _4g
200 | I |

20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
H [X10%°/4x A/m] (KOe)

(a)

Demagnetization Curves

‘ 12
| 10
BI’S
6
4 o~
Z 2 2
// /|| o '
/1B 2
/i 4
/ /1 5 2
yayi
A Ay Ay AW A -8 X
p /] ] v
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/ /1 200°C 112
7 // 118 oC R33H _—‘]4
y ; 190°C Br=1.163T at 20°C [ -16
) 100°C B-H '
/20°C 1o
1y

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
H [X10%/47 A/m] (KOe)

(b)
Figure 3.2.2-3 The demagnetization curves for R32H (a) and R26HS (b)
permanent magnets [S3, T10*].
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3.2. 354k

SmCo A L& & A Va2 VTR TRINE =% U > 7 1] EMAT ZifE L7z,
IAVE, $02mmX60 HBE L L A—R MNERAMRBEL DA LV E—F U ATy
F U T EAT o T, 1K3.2.3-1 1X5AME L7 EMAT ORI CTH Y | X 3.2.3-2 1T3E
L7 EMAT D5EETH 5,

REHCE L, IMAMERRELS ZMTHDH 2 L 2HMFICAND -, B R
iz D7e < L, miREE T CHRBEE 720 £ 9 A U F RIS B R

RIZE D D TN Et 2 LT T,

Samarium—cobalt magnet Coil
W10 X L24%xT7) ¢ 0.2mm X 60turn
[ ml [ ml — Y l l
LA A © X
o A /_\
< I
N
4
o A H oA ©
B N‘ N1 l TTTQT =y ~ T T -
A
<
“‘ & v U
A A 4 «©
ey ey iy A= T
9 | 10 29 10| 9 7 7 26 7
<l — 2l - s -l 0 a -l -l -

Figure 3.2.3-1 Schematics of the sensor structure of the trial EMAT [T10%].
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(b)
Figure 3.2.3-2 Photograph of trial EMAT:
a) upper side view-magnet; b) downside view-coil [T10%*].
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3.3RBAE
3.3 1RESAT L

FRBRCIE L CTRIAT 2HE Y AT 2 %K 3.3.1-1 IR T, VAT AOREAL
X, BEKTHLNN—A MEEZRATDEE, 7V 77 B ETEHRT
HT 4 TV BEREIE AR RT DA v R a—T  BEREIE A %G UE
AR EAT 9 FHRRE(PC) THERL S 415, milakBR, Mt AGKERIRH LRI 2 3 2,
mk, BEEEZRESEDLBEON—R MEFBAELLEORE L EK 3.3.1-1 ITRT,

. RAM-5000 Signal Out
Fine Oven Mark IV
v i Moy ene | Trigger Out
°r 5 @0 O @ =t
? 9
Signal In

EMAT [ %iBI;)i%r Pre—Amplifier

High Power Out

Oscilloscope

Personal computer for data collection

[eJe)e}
[eJe)e}
000
000
R 000

— QOOO’

CH 1 extL___ ]

Figure 3.3.1-1 Diagram of the EMAT measuring system [T10%*].
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Table 3.3.1-1 Characteristics of EMAT transmission wave [T10%].

Frequency 2 MHz Watts RMS 6400 W
Cycles per burst 2 cycles HP Filter 1 MHz
Control 100 LP Filter 5 MHz
RF Level 3.14V Receiver Gain 34 dB
Bias 499V Pre-Amplifier Gain 40 dB
P-P Volts 1600 V Sampling rate 25 MS/sec

33.01-2101%, N—Z NS ZE 2 B, R 2 2MHz & L TZBROEF TR
Tho, N"=ZMEDPZNIEBERDO T AN F—ITRE S RD0B, N
bRELRDTEDORZEOENEE ZBET 258101372 5 XL D20 T8l
S5 HN L, EEEIE UL, 200kHZz 225 10MHz £ CRIREE Rk % 21k &
. ZEEBEZREST D PHABRZIT MR, ROZEBREORN -T2

2MHz Zi%&E L T\ 5,

Amplitude(V)

0 05 1 1.5 2
Time (U sec)

Figure 3.3.1-2 Waveform of transmitted burst wave (2MHz) [T10%*]
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3.3.2 @BRDHA/ A1 XT1)L3

IR 21T O B L. TR ZIT o728 24, iR TIIAN TEE K
MEH LT DEZN /A XL LTERESIND T ENDrolz, Ziud, Bk
REINENTHZ LT L, MAREIIZ—EThDHTOWAE FILEMEID
Bz 33.2-1) 2 &, F7=lBR DB L 7RIEC O ZEKHE B2 M S
T2 EMBH LT, BADDDESOEEEMNT 21T o7 & 2 AR L 1X
BB W CHIET D 2 LN b o T, BN TTRA T D SR A Ok
NERETDL /A XT 4N FemEdBRTCIIHWSsZ L L, /A X T 41
Z e & OfE 52X 3.3.2-2 [TRT,

72k, B BEEL7REETE S Tmm OWEA D DOfE 5% VT 2000C %
TOMANGEHREZRE LT L 2 A, 332-1 OBRERH D Z Enbholz,

v=—-0.173Te+2578.96 (3.3.2-1)

Z 2T, v (m/sec) (IMEAWNDEBEFRFE, Te (C) 1FEETH D, =i (200)

TlE 2575.5 (m/sec) Z MV, & (200°C) TlE, 2544.4 (m/sec) Z H Tz,
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Amplitude(V)

Amplitude(V)

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

i /"\ I Magnet signal 1

o — )

NI N AN L, N
ENARENAVANAW AW V.V ANATATAVS AN AT A AR
4% EPATRVAVE A A VTRV MTATRTAVAVAY \\}5

LAY A\ UV VI

|V v |V

U\ v

time( U sec)

Fig.3.3.2-1 EMAT signal including the magnet signal

/\(\f\/\/\/xvm/\ m/\/\f\/\/\
o s /\/m 53 s 5
time( i sec)

Fig.3.3.2-2 EMAT signal without magnet signal after filtering
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. AFBRIER
3.4.1 ZRHER

X 3.4.1-1 725 3.4.1-4 [X, BJ= 15, 10, 5. 2mm D SS400 Z & L 7= 525 .
4 3.4.1-5 725 3.4.1-8 (X, #RE 15, 10, 5. 2mm O SUS304 Z HIE L 72 5AZ ¥
Thod, TNZEN, WEFFEIRT, EMAPEETHELEZLD, FX2 PE IE
T2 2 FFT fft L72E CTdH 0 . PER VEICH WD, ARIEFHIIZ V%8
T OFHIT, SS400 25 3230 (m/s),  SUS304 73 3120 (m/s) [M7] TH D, b
ORERERARZTM L, F L ORNPE341-1 £FK3412 THD, £34.1-1
IX. SS400 DRIEREF, 2 3.4.1-2 1%, SUS304 DRIEFER TH 5, PEILEDOLHA .
K 2.1.4-1 ZHAWTHEZFHTT %, PEREOLEA, K 2.2.1-1 & AWV TIRE % 7F
9%, % 3.4.1-1 &£ 3.4.1-2 1V PE#EZHWT 2mm ML FORIZZRIEST D Z &
FREETH D, T, ZEKFICL > TH LN ZEE O SRENHFEVIZ E
B0 ThDH, — PERIETIE, 2mm OHRETH 0.01mm OFEEE THIE
ARETH>Tc, THEND FFT TR RABET D & BEDEVT ETHEE
ENRELRDIZDEORFREN L 72D, WIS 2IE, WENENEEHE
WD NS RV EROSRREITES D L) 2 Th D,

Lo T, WEPEWGEIE PE £, #W A1 PER & TRIE TG WREE
THET D2 ENARETH D, 3.4.1-1 TRINDEAHHEAT EREOBHRIC
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Figure 3.4.1-1 15SmmT waveform of SS400: a) PE method; b) PER method [T10%]
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Figure 3.4.1-2 10mmT waveform of SS400: a) PE method; b) PER method [T10%]
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Figure 3.4.1-3 SmmT waveform of SS400: a) PE method; b) PER method [T10%]
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Figure 3.4.1-4 2mmT waveform of SS400: a) PE method; b) PER method [T10%]
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Figure 3.4.1-5 15SmmT waveform of SUS400: a) PE method; b) PER method
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Figure 3.4.1-6 10mmT waveform of SUS400: a) PE method; b) PER method
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Figure 3.4.1-7 SmmT waveform of SUS400: a) PE method; b) PER method
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Figure 3.4.1-8 2mmT waveform of SUS400: a) PE method; b) PER method
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Table 3.4.1-1 Measurement results for SS400

Thickness SS400
(mm) micrometer PE AT of PE PER AT of PER
2 2.00 - - 1.99 0.01
5 5.02 5.01 0.01 5.02 0.00
10 10.00 10.01 -0.01 10.00 0.00
15 14.95 14.91 0.04 14.92 0.03
Table 3.4.1-2 Measurement results for SUS304
Thickness SUS304
(mm) micrometer PE AT of PE PER AT of PER
2 2.00 2.03* -0.03 2.01 -0.01
5 4.95 4.94 0.01 4.95 0.00
10 9.95 9.93 0.02 9.96 -0.01
15 14.85 14.83 0.02 14.86 -0.01

* Some wave peaks coming from SUS304 2mm thickness were not able to be

distinguished.
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Figure 3.4.1-9 Relationship between the resonance frequency difference and wall
thickness for SS400 [T10%*]
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Figure 3.4.1-10 Relationship between the resonance frequency difference and wall
thickness for SUS304
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Figure 3.4.2-1 Room Temp. 10mm waveform: a) PE method; b) PER method

[T10%]
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Figure 3.4.2-2 100°C 10mm waveform: a) PE method; b) PER method [T10*]
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Figure 3.4.2-3 150°C 10mm waveform: a) PE method; b) PER method
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Figure 3.4.2-4 180°C 10mm waveform: a) PE method; b) PER method
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Figure 3.4.2-5200°C 10mm waveform: a) PE method; b) PER method [T10%]
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Figure 3.4.2-6 220°C 10mm waveform: a) PE method; b) PER method)
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Figure 3.4.2-7 250°C 10mm waveform: a) PE method; b) PER method [T10*]
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Figure 3.4.2-8 10mm waveform after high temperature test at room temperature:
a) PE method; b) PER method
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Figure 3.4.2-9 Variation of ultrasonic velocity with temperature [T10%]
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Table 3.4.2-1 Results of the wall thickness test using PE method at high
temperatures (A=10.00mm)
) ' Real thickness with | Measured thickness
Temp. Sonic velocity . .
. thermal expansion using PE method Error
[C] [m/s]
[mm] [mm]
RT 3230.6 10.00 10.01 0.01
100 3191.1 10.01 10.50 0.49
150 3169.9 10.02 10.01 -0.01
180 3157.2 10.02 10.01 -0.01
200 3148.7 10.02 10.28 0.26
220 3140.2 10.03 10.28 0.25
250 3127.4 10.03 10.34 0.31

Table 3.4.2-2 Results of wall thickness test using PER method at high temperatures

(A=10.00mm)
) ] Real thickness with | Measured thickness
Temp. Sonic velocity ) )
. thermal expansion using PER method | Error
[C] [m/s]
[mm] [mm)]

RT 3230.6 10.00 10.00 0.00
100 3191.1 10.01 9.98 -0.03
150 3169.9 10.02 10.01 -0.01
180 3157.2 10.02 10.02 0.00
200 3148.7 10.02 10.02 0.00
220 3140.2 10.03 10.03 0.00
250 31274 10.03 10.03 0.00
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Fig.3.4.3-2 Waveform of SUS304, 10mm, at 200 degree C, test start: a) PE method;
b) PER method
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Fig.3.4.3-3 Waveform of SUS304, 10mm, at 200 degree C, 1000 hour in HT: a) PE
method; b) PER method
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Fig.3.4.3-4 Waveform of SUS304, 10mm, at 200 degree C, 5000 hour in HT: a) PE
method; b) PER method
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Fig.3.4.3-5 Waveform of SUS304, 10mm, at 200 degree C, 10000 hour in HT: a) PE
method; b) PER method
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Fig.3.4.3-6 Waveform of SUS304, 10mm, at 200 degree C, 15755 hour in HT (Total
test time 17404hour) : a) PE method; b) PER method
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Fig.3.4.3-7 Waveform for SUS304, 10mm, at 200 degree C 15755 hour in HT using

PE: a) with magnet noise; b) without magnet noise
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Fig.3.4.3-8 Waveform of SUS304, 10mm, at 200 degree C, 15755 hour in HT using
PER: a) with magnet noise; b) without magnet noise
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Fig.3.4.3-9 Trend of the signal peak during durability test
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Fig.3.4.3-10 Photdgraph of EMAT after the durability test
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Fig. 3.4.4-1 The installation method of a sensor in the thermal insulator. Removal is
possible in one-touch step with a package thermal insulator. Therefore, an
exchange is easy even if EMAT breaks down [T17%*].
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Fig.4.2.1-1 The corrosion velocity of stainless steel [J6, T17%]
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1 1> EMAT (X 0 Bl i e, AR, KO 3 FEOY & O g E
HIE 24T 9 729DIZiE, 1 DD EMAT TBRTEIE FH ORI (SH ) & K 258 S
HOMEMWLOW G ZIRHEIHEDHZ ENTE, Ny Fr—IRIEMNICICE 5/
EMAT OF%EIRLETH D, 2T, K 4.22-1 O EMAT O E1To7,
2.1.2 T L72 X 9 12 B (SH ) EMAT & #€i H EMAT Tl AR & 23
Bieh, UL, MRS aME e U CXmE G IS 28 5 KAMA &
WEEaAVEFRLTHD, £ZT, a4 &2 2o0HEL, X422-1 OEEL
T5HZ LT, 120 EMAT THE(SH ) & MG O 2 AR 2 A5 Z &
MTELMEE Lic, aA VKT OHMERDZ A I 72T 53 2 & TH
BE(SH ). it 2 R HATFT BT 5 2 LN ARRIZ 72

Upper Side

Permanent
magnets

For vertical
wave

EIBGL___R For
horizontal

Coil wave

%j/

Generate vertical wave Generate horizontal wave

Fig.4.2.2-1 Structure of a trial EMAT sensor [T17%]
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AL D | WA DOREZIT o 1o, BAMEIT3.2.2 THRATZEIREFISE W
W /1% A4 % SmCo Wefi M 275, 5 3 B CIEmIRAIERICHANRSTZ &
LIS ) A X Tpole T L b A X4 3 FEHWT, BanNS o
VIR B R E LT, P, Em260 2 BIHOZEKSHB2 =a—)%
WTIT o 72,

F 422-1 FEWAEHNT B2 Ta—%2FHiL72bDTH D, HIRTHMA
WO DR SN 1B & IC) OBAIFAEHATHL, L-T, TA)
Wit 2B M LT,

F#42221%, B2 ma— %R LEBEOBERBEESRETH D,

Table4.2.2-1 Magnet size and B2 echo from a 10mm thick plate

No | L W - Surface flux density B2 echo amplitude Magnet signal
(T) V)
A | 65 | 12 10 0.334 0.043 No
B 11 14 8 0.343 0.038 Yes
C | 20 | 10 20 0.418 0.075 Tes
Table4.2.2-2 Test condition for selected magnet
Frequency 2MHz Filter High pass 1.5MHz
RAM- | Burst No. 2 (NF FV-628B) Low pass 2.5MHz
10000 | Pre-amplifier Gain 30dB Oscilloscope Averaging 100
Mail amplifier Gain 40dB (Lecroy) Sampling time 2Gs/s
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WIZTAANVDIREZEIT I, A ML, B BEH BRORRL 6 filE%
HEL. TAl OWAZ AW TRHMEiZ T o7, HE LI 6 D 2 A V&K 4223
IRT, 2O L EDMEFEORERMEER 4224 1ITRT,

Jibtsg SR AL 5 3 BTV 2 2MHz & 0T £0.5MHz O E 5 THA L7z,

X 4.2.2-3 £ 42241, TNENDOIANEZA T TOZFEETH D, HIWA
T, ZERE, ZERON AT 2 0ME. /A X REHO 4 5D TH D,
a1, 2IIZEBREMESEEX ) A AR IS RWDOTARMATH L, =

H

A5, 61, ZEEEITE WD ) A ANKE L ZENHZFHBIT 5 0 FHeN
BLB2WOTREHATHD, A3, 4%, ZENIFEZFHNNT 2 000ES /A
AHEL . REH DRI A L 4 (T3 AL 3 (SRR SR R DM
W, KXo T, BEHT a4 VBRIZ. 240 3 @8R U7z, BREREIX. /
A RO/ 72 2MHz ZHFH LT,

AT Yy Ry 7 EMAT (3, 2 2 F Tl ~emGH e, Ak,
A VTR B IR LafE L7,
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Table4.2.2-3 Coil parameters

No. Diameter Turn No. | Type
(mm)
1 $ 0.2 51 I
2 ¢ 0.1 84 I
3 ¢ 0.2 44 a
4 ¢ 0.1 79 I
5 ¢ 0.2 23 m
6 ¢ 0.1 41 m

Table4.2.2-4 Test conditions for the selected magnet

10000

1.5,2.0,2.5 _ .
Frequency Filter High pass 1.0-2.5MHz
MHz
(NF FV-628B)
Burst No. 2 Low pass 2.0-3.5MHz
Pre-amplifier Gain 40dB Oscilloscope Averaging 100
Mail amplifier Gain 50dB (Lecroy) Sampling time 1Gs/s

Fig.4.2.2-2 Type of the coil [T17*]

23

Type Il
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4.3 RBRFE
4.3.1 IR AT L

INAT Ny Ry 7 LTHWARIEY A7 A% 43.1-1 12777, EMAT

R ISR LA DALEICRE T D, BEROEZFITIAA v FIZLvED

BAD. Fle. A NVOEFEGINHIE TE 24— A —=F R0 17 %,

BEWIINN—R MEREEEEZHAW, V77 FvrRra—7 |

A PC D> AT AKERL L 72 5

Pri-amp.

High Power Out

Signal In
Burst
wave
generator
Signal |Trigger Out
Out

Switch

Filter ™ Oscilloscope

PC

B LR
Receiver
ET R
L
R
Transmitter
Switch Ohmmeter

Fig.4.3.1-1 Measurement system using a hybrid sensing [T17%]
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4.3.2 AEZO—

WRDNA TV v RE U T aITORWES . EMAT &35S, RERH %
BRI AT 2 BN oTe, ™A TV v RE 27 EMAT Tid, EMAT #
EMTHD A NVOBERBIAZREST 22T, BERMBELZREL, Z0
IREEZ W CERLENO TR AR IET 2, RE LBl 2 AV TN &4 3G T2,
FEAM L 7R A > CEUE N 2RO D, %t T 5 EMAT (CHBE I %2 5215 &
¥ L CTBEESKPERELRMARE L, KPOBEREEREZRD D,
AE I EHITIREICKF L TEET 52 00, BEEEENOKIEEZ KD D
ZENTED, 2L —EHOREY n—%X 432-1 1277,

WEERE WA KRG FEMEICFET D52 & T ko X 5 iZhlx izt
Y ERE L & E T, SN LT2iREIT < 2D, 2o, HIE
FEEE XA RIS B < 72 D

Bl SRR P A, AKIRANEIL, X 4.3.1-1 O—# a2k H L7z BRIk R
ZHWT, el R 21T > 72,
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Coil Resistance (R)

Temp. calibration of ultrasonic velocity
Resistance, Temp.(Th)
Velocity: VTh

PER (Frequency : f)

Thinning a=:To—T1
7= Yo
2

Thinning a=:To—T1

T2,

v

Inside diameter correction by thinning
Inside diameter (L)
L=L0+al-+a2

Ultrasonic in water

Spread time (tL)

Vi=LtL

Water Temp.

Fig. 4.3.2-1 Measurement flow for hybrid system [T17%]
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4.4 REBRiER
4.4.1 24 L OEFREHHBIE
EMAT & #IE SN2 BVER 21X 4.4.1-1 (7T X D IChE L, Bkiks & —%
A

THIEDS 2000CE T L, 7 P H L~ L F A —Z 2 L 0 ERHEHUE 2 JIE Lz,

(For reference)

Thermometer

Oven

Digital multi-meter

R el k]

Fig.4.4.1-1 Measurement system for D.C. resistance of coil [T17%]

4.4.1-2 D25 4.4.1-5 1%, REBRRIEFE 23 20°CH> 5 200°C THUE 2 2 mm, Smm,
10 mm, 15 mm DGH D 2 A L OEFRIEHUE T 5, WEIXZENEN 4 BT D17
STEY, £2C7ey LTS, X 44.1-6 ITETORELFRFIZT 2y ML
bDOTHD, Tb XY REITKAFT D Z L R<IRE L a A L OEFREST
OIEITEBIBIRICH D Z L DR TE 5, 2 2 Tl ZRIEIC LV BB y(x)(y
A VOEFREH, x AR ) Z RO Tz, iz, AN KT 5 THIEIC X A ZEEO
Ha R ERE R & LBE, K 44.0-1 LD 09993 DLET—H LTS,
FEMEL R TER B 2D, 22T, JITHEE. 7ITEYETH D,

Rz _ nZ(JA’_)_’)
Z(yi _J_})z

(4.4.1-1)
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D.C. resistance(Q)
N
ol
T

0 50 100 150 200
Surface temperature(°C)

Fig.4.4.1-2 Relationship between the coil DC resistance and temperature (from 20
degree C to about 200 degree C, Board thickness 2mm)

4

35
—~ R?=0.9997
G 3
?S ‘/’/’/’/
[&]
-
©
% 25
"
o
o
2 2

15

1
0 50 100 150 200

Surface temperature(°C)

Fig.4.4.1-3 Relationship between the coil DC resistance and temperature (from 20
degree C to about 200 degree C, Board thickness Smm)

89



D.C. resistance(Q)
N
(&)
T

0 50 100 150 200
Surface temperature(°C)

Fig.4.4.1-4 Relationship between the coil DC resistance and temperature (from 20
degree C to about 200 degree C, Board thickness 10mm)

4

35
—~ R* = 0.9993
G 3
% ././’/‘/
[&]
-
©
% 25
"
o
o
2 2

15

1
0 50 100 150 200

Surface temperature(°C)

Fig.4.4.1-5 Relationship between the coil DC resistance and temperature (from 20
degree C to about 200 degree C, Board thickness 15mm)
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D.C. resistance(Q)
N
(&3]
T

0 50 100 150 200

Surface temperature(°C)

Fig.4.4.1-6 Relationship between the coil DC resistance and temperature (from 20
degree C to about 200 degree C, Board thickness 2, 5, 10, 15mm) [T17%]
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4.4.2 BARHIE

BAE=4 U 72O T, & 3 ETHRIEL TWDH A, RETRHIELE
EMAT T FHENE L7z, BERBEREEZE 44.2-1 17T, £ 4422 13HRE
ME &% PE {5, PERIETIE LIEHRTH D, X 4.4.2-1 7005 442-4 1 FHE L
1235 & = @D FFT To 5, PE T 2mm OMERIEIZTE . 140CLLED
ETHRENRERIGENSH D Z Lo 7=, PERIETIL, 2mm OHRIEIX
AIRE T H o723, EIZ DWW TIEL, PEERIRTH o7z, B, TOREIZH 3
BTHWIZEAN D O EEZFTHBHET /A Xy b7 0 VTN T 720
N BEADS OREE ZME EIMA R T IE R bRy, 22T, B OHER
AT o7, 422 TEE LToWA TIIMANKINIBAE L RN L bAITZ
DEEMHL, 2 N2 X 442-5 7T X 9T & WA DRI B, Mtk
MOaANZIZEDEELTLHOT, WRLIENAT Y v FEU U7 EMAT
%, X 4.42-10 DX 512725,

ZZC, #44230F, KR L EMAT Z AW CTHRERNE L7-fERE2 £ & iz
LDOTHDH, K442-6 005 4429 ITZEW & FFT 27, BRANI LA~ A
JARXTy BT 4 NVERRLEBZEN MBI TE 2, B 3 BOMER KL
g2 &, %3 O PERIETOUEREIZ 24101 mm TH-o7=Z LITKFL,
AREED PER{ETIL 22003 mm L &2 0 ) A Xy N7 4 v Z &b &
HREREEE D) 2Rl T & 7z,
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Table4.4.2-1 Test conditions for the selected magnet

10000

1.5,2.0,2.5 , .
Frequency Filter High pass 1.0-2.5MHz
MHz
(NF FV-628B)
Burst No. 2 Low pass 2.0-3.5MHz
Pre-amplifier Gain 40dB Oscilloscope Averaging 100
Mail amplifier Gain 50dB (Lecroy) Sampling time 1Gs/s
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Table4.4.2-2 Results of Measurement of board thickness test

Freq. 2mm Smm
: 2.0MHz PE PER PE PER
Temp. Thick. Error Thick. Error Thick. Error Thick. Error

20 - - 2.007 -0.007 4.998 0.002 4.993 0.007
40 - - 2.001 -0.001 4.993 0.007 4.990 0.010
60 - - 1.999 0.001 4.994 0.006 4.989 0.011
80 - - 2.002 -0.002 4.993 0.007 4.988 0.012
100 - - 2.003 -0.003 5.031 -0.031 5.003 -0.003
120 - - 2.002 -0.002 4.992 0.008 4.988 0.012
140 - - 2.001 -0.001 4.996 0.004 4.997 0.003
160 - - 2.002 -0.002 4.996 0.004 4.996 0.004
180 - - 2.005 -0.005 5.120 -0.120 5.001 -0.001
200 - - 1.999 0.001 - - - -

Freq. 10mm 15mm

: 2.0MHz PE PER PE PER

Temp. Thick. Error Thick. Error Thick. Error Thick. Error

20 9.996 0.004 9.993 0.007 15.026 -0.026 15.015 -0.015
40 9.991 0.009 9.993 0.007 15.021 -0.021 15.016 -0.016
60 9.989 0.011 9.988 0.012 15.017 -0.017 15.013 -0.013
80 9.990 0.010 10.033 -0.033 15.008 -0.008 15.015 -0.015
100 9.994 0.006 9.978 0.022 15.017 -0.017 15.280 -0.280
120 10.001 -0.001 9.974 0.026 14.914 0.086 15.014 -0.014
140 9.988 0.012 9.983 0.017 14.953 0.047 - -
160 - - - - 15.110 -0.110 - -
180 - - - - 15.038 -0.038 - -
200 - - - - - - - -
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Specimen

Fig.4.4.2-5 EMAT with the above adopted coil arrangement can easily detect the

magnetic flux in order to improve the detection sensitivity of pipe wall thinning
measurement
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Table4.4.2-3 Results of measurements of board thickness test using improvement in
EMAT structure

Freq. 2mm Smm
: 2.0MHz PE PER PE PER
Temp. Thick. Error Thick. Error Thick. Error Thick. Error
20 - - 2.000 0.000 5.024 -0.024 5.005 -0.005
40 - - 1.998 0.002 5.023 -0.023 4.991 0.009
60 - - 2.001 -0.001 4.998 0.002 5.004 -0.004
80 - - 2.000 0.000 4.996 0.004 5.020 -0.020
100 - - 1.999 0.001 4.993 0.007 5.002 -0.002
120 - - 1.997 0.003 4.994 0.006 5.003 -0.003
140 - - 1.996 0.004 5.018 -0.018 5.002 -0.002
160 - - 1.999 0.001 4.998 0.002 5.003 -0.003
180 - - 1.995 0.005 4.975 0.025 5.002 -0.002
200 - - 1.996 0.004 5.004 -0.004 5.017 -0.017
Freq. 10mm 15mm
: 2.0MHz PE PER PE PER
Temp. Thick. Error Thick. Error Thick. Error Thick. Error
20 10.002 | -0.002 9.971 0.029 15.057 -0.057 15.059 -0.059
40 9.999 0.001 9.993 0.007 15.017 -0.017 15.014 -0.014
60 10.002 | -0.002 9.989 0.011 15.049 -0.049 15.015 -0.015
80 9.999 0.001 10.011 -0.011 15.046 -0.046 15.012 -0.012
100 10.021 | -0.021 9.978 0.022 15.016 -0.016 15.011 -0.011
120 10.024 | -0.024 9.977 0.023 14.985 0.015 15.014 -0.014
140 10.032 | -0.032 9.978 0.022 15.014 -0.014 15.007 -0.007
160 9.994 0.006 10.020 -0.020 15.026 -0.026 15.054 -0.054
180 9.953 0.047 9.979 0.021 15.000 0.000 15.026 -0.026
200 9.965 0.035 9.992 0.008 14.974 0.026 15.024 -0.024
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Specimen

Fig.4.4.2-10 Hybrid EMAT with above coil arrangement that can easily detect the

magnetic flux in order to improve the detection sensitivity of measurement of pipe

wall thinning.
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4. 4.3 JKRAE

KFEAERT 2 BEREIRIL., RENOILKFIC L 2R BE2Z T 5720, I
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Table4.4.3-1 Conditions of the test for the selected magnet

Frequency IMHz Filter High pass 0.5MHz

Burst No. 10 (NF FV-628B) | Low pass 1.5MHz
RAM- | Pre-amplifier 30dB Averaging 200
10000 | Gain Oscilloscope

1(\}/I:ilrl1 amplifier 46dB (Lecroy) tSijnrzphng 1Gs/s
Specimen Outer Diameter: ¢ 114mm, Thickness:5.8mm
Temperature Room Temp. to about 90°C

1

Clutput voltage )
[a}

Output voltage )
[a}

1
[}
[ |
[}

H Transmit wave B

(Expansion)

Correlation point

I
10

Time(zec)

I
12 14 16 18

% 107

Fig.4.4.3-1 The connection between starting position of ultrasonic reception, when

performing cross correlation using a transmitted wave, and the correlation

position. Since the correlation position was in agreement with the direction of the

received wave peak, the exact position estimation of it was not completed.
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90

B Reference

80

@ Measurement ou

70

60

40 -

30

Water temperature (°C)

He

20
| *

0 T T T T T 1
-5.0E-06 -4.0E-06 -3.0E-06 -2.0E-06 -1.0E-06 0.0E+00 1.0E-06

Cross-correlation coefficient(sec)

Fig.4.4.3-2 The comparison between reference value and the cross-correlation
coefficient. The cross-correlation coefficient is changing with temperature gradient.
Caution is required for measurements above 50 degrees C, since there is a place

witch lacks a cross-correlation coefficient.
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90

@ Surface Temp. e

80 |[__ Fitting /
70 /
60

Surface Temp. of piping(°C)
A o
S o

0 20 40 60 80 100
Water Temp.(°C)

Fig. 4.4.3-3 The comparison between water temperature, determined using DC
resistance of an EMAT coil, and piping surface temperature. Also when it
measured on a piping, it turned out that coil DC resistance has temperature and
proportionality.
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Fig.4.4.3-4 The photograph of the measurement of water temperature. EMAT is
carrying out measurements in an area opposite to thermometer. The thermometer
(TC) is inserted in the hot water inside of piping and takes flat temperature by
stirring.
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Fig. 4.4.3-5 Received waveforms of the ultrasonic wave detected for each water temperature.

The ultrasonic wave have been received very clearly for temperatures up to 90 degrees C.
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1570

® Experiment

Reference

1550

1530

1510

1490

1470 | /

1450

This study result of velocity(m/s)

1450 1470 1490 1510 1530 1550 1570

Reference velocity(m/s)

Fig.4.4.3-6 Relationship between theoretical velocity and experimental velocity in
water from 13 to 90 degree C [T17%].
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Fig. 5.2.1-1 Schematic view of a PPM magnet structure. The upper and lower sides
of the strength of magnetic flux are equal [X2, T18%].

—F--

- a }’r

Fig. 5.2.1-2 Schematic view of a Halbach magnet structure. The upper and lower
sides of the strength of magnetic flux are not equal. It is possible to upgrade the

detection sensitivity of EMAT by strengthening magnetic flux on one side [X2,
T18*].

134



0.7

I
Tl IR
NN

=20 -10 0 10 20 30
Relative position along x direction (mm)

Fig. 5.2.1-3 Comparison of measured and calculated magnetic flux density
distributions for the Halbach structure [X2]. The Halbach magnet structure is
about 1.4 times stronger than the PPM magnet structure. This was checked in both

simulations and measurements [T18*].
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Fig. 5.2.2-1 Design of single coil EMAT: transmission and reception coils are
installed in a Halbach magnet structure. When an ultrasonic wave is transmitted
and received with this structure, it is necessary to perform both a mechanical scan

and difference processing [X2].
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Fig. 5.2.2-2 Design of double coil EMAT: transmission and reception coils are

installed in a Halbach magnet structure.

73
52

20

19.3
1.5

Fig. 5.2.2-3 The designs of a 30turns coil on Printed Circuit Board (spacing of

0.1mm, and 0.2mm in width). Coil thickness is 100 micrometers or less.
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5.2.3 F1E

EZEN 1 ODB Y TITRADLE TN R EMAT 23 LT-, #RELE
EMAT %X 5.2.3-1 (2777, X 5.2.3-1 XX EMAT FECH Y, AT 7
3o VR EMAT Tl [X2] T 5, ZXIE, Halbach BiAHEE D H.LERD A
WCHEEHaA NV EZERaAVBHERTE D, aA T v MRS T
WD, THEMERY A I ROV — FTEDLNULTWD, AT, BB AT v o7
VBRI A N aRET D — MR S LD,

Fig. 5.2.3-1 EMAT prototype (Left Double coil EMAT, Right Single coil EMAT)
The size of the two EMATS are the same. Since the double coil EMAT doesn’t need
the mechanical scan, it is easy to install. [X2, T18¥]
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Fig. 5.3.2-1 Measurement system of single coil EMAT test. Transmission and a

reception are changed by diplexer.
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Fig. 5.3.2-2 Measurement system of double coil EMAT test [T18%*]
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Fig. 5.3.2-3 Specimen No.1 is 50mm thickness. This specimen has an EDM slit of
25mm in width, and 20% of a depth.
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Fig. 5.3.2-4 Specimen No.2 is thickness S0mm. This specimen has some EDM slit of
25mm in width 5% of a depth, 12.5mm in width 5% of a depth, 6mm in width 50%
of a depth, and 12.5mm in width 20% of a depth.
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Fig. 5.3.2-5 Specimen No.3 is thickness S0mm. This specimen has some EDM slit of
12.5mm in width 10% of a depth, 25mm in width 10% of a depth, 25mm in width
75% of a depth, and 12.5mm in width 75% of a depth.
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Fig. 5.3.2-6 Specimen No.4 is thickness 14.3mm. This specimen has some EDM slit
of 25mm in width 75% of a depth, 25mm in width 50% of a depth, and 25mm in
width 20% of a depth.
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HY. EELALE L TR THLEERD, 22T, KEMBEORBRTIE

PN— 2 N3 . JEE S 680kHZz W TR AT L L LT,

Table 5.4.1-1 Test conditions

Thickness Frequency  Distance Burst Exciting Specimens
(mm) (kHz) (mm) number voltage EDM Slit size
V) (W : mm)
50 650-750 100 2,3 About 1500  W25X20(No.1)
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Fig. 5.4.1-1 Change of the defect detection signal with frequency for a wave with

two bursts (T=50mm)
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Fig. 5.4.1-2 Change of the defect detection signal with frequency for a wave with
three bursts (T=50mm).
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Fig. 5.4.1-3 Relationship between frequency, number of bursts in the wave, and
detection sensitivity for the thick specimen (T=50mm) [T18%*].
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Table 5.4.1-2 Results of Frequency response test for a two bursts wave. (T=50mm)

Burst No. Freq. Amp. Noise SN
(kHz) V) V)

0.80 0.06 12.78

650 0.80 0.06 12.46

0.80 0.06 12.40

0.80 0.06 12.78

660 0.81 0.07 12.48

0.81 0.07 12.28

0.82 0.07 12.56

670 0.81 0.07 12.39

0.81 0.06 12.69

0.81 0.07 11.79

680 0.82 0.07 12.61

0.83 0.07 12.15

0.81 0.06 12.72

690 0.80 0.06 12.35

0.81 0.07 12.28

0.81 0.07 12.27

2 700 0.81 0.07 12.10

0.80 0.07 12.04

0.79 0.07 11.40

710 0.81 0.07 12.09

0.78 0.07 11.86

0.79 0.07 11.65

720 0.80 0.07 12.01

0.79 0.07 11.96

0.79 0.07 11.99

730 0.78 0.07 11.84

0.77 0.07 11.03

0.76 0.07 11.35

740 0.76 0.06 12.03

0.75 0.07 11.30

0.75 0.07 11.08

750 0.76 0.07 11.03

0.75 0.07 11.15
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Table 5.4.1-3 Results of Frequency response test for a three bursts wave.
(T=50mm)

Burst No. Freq. Amp. Noise S/N
(kHz) V) V)

1.06 0.07 14.10

650 1.07 0.07 15.50

1.07 0.07 14.31

1.09 0.08 14.24

660 1.11 0.07 15.40

1.09 0.08 14.31

1.11 0.08 14.55

670 1.14 0.08 15.16

1.12 0.08 14.44

1.15 0.08 14.06

680 1.16 0.07 15.53

1.13 0.08 14.19

1.15 0.08 14.17

690 1.17 0.08 14.60

1.14 0.08 13.72

1.13 0.08 13.93

3 700 1.15 0.08 14.68

1.14 0.09 13.09

1.16 0.08 14.14

710 1.16 0.08 14.12

1.12 0.09 12.46

1.12 0.08 13.54

720 1.14 0.08 13.98

1.11 0.09 12.92

1.11 0.08 13.42

730 1.12 0.08 14.45

1.09 0.09 12.02

1.07 0.08 12.62

740 1.08 0.08 13.13

1.06 0.09 12.38

1.07 0.09 12.38

750 1.05 0.08 12.64

1.03 0.09 11.79
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Fig. 5.4.2-1 Distance-amplitude characteristic test for a S0mm thick plate. Signal
amplitude peaks at 95 mm, whereas the optimum S/N ratio is obtained at 100 mm.
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Fig. 5.4.2-2 (1/2) Raw waveform of the detection signal

distances. Longer distances require longer detection times

155

for different testing




110 mm 140 mm
! | |||| — T T T T 1

s s os |l .. BRSO SO U SOV SO :
z g | ; : ! : : :
2 R | Hihs : : : .
£l HII\ /MRS B S S S

i ; i ; ; ; ; [ ; i ; ; ; ; i

i) 20 40 B0 a0 100 120 140 160 180 200 1 0 2
Time (itzec)

0 40 60 a0 100 120 140 160 180
Time {ptzec)

Amplitude (V)

; ; ; ; ; ; ;
0 a0 60 B0 100 120 140 160

. i i ; i i ;
180 200 o 20 40 60 a0 100 120 140
Time {wsec Time {tsec
120 mm
1 | || || ‘ T T T T T
S 05 il : :
: | [10dR e |
20 il :
! | i 3
Eous | |
- H H H H H H H - H H H H H H H
1} 20 40 Laii] 80 100 120 140 160 180 200 1} ZD 40 a0 a0 100 120 140 160 180 200
Time litsec) Time [ptzec)

i i I i i i i
1} 20 40 a0 80 000 1200 1400 160
Time {wsec

Amplitude )

80 100 120 140 160 180 200
Time litsec)

Amplitude (V)

I i I i i i i
1} 20 40 a0 80 100 120 140 160
Time {wsec)

Fig 5.4.2-2 (2/2) Raw waveform of the detection signal for different testing
distances. Longer distances require longer detection times.
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Table 5.4.2-1 Measurements at different distances (S0mm thick plate)

Distance | Amp. | Noise SN Peak Freq. | Peak time | Angle6'
(mm) V) V) (kHz) (1 sec) (deg)
50 0.68 0.09 7.40 784.84 47.23 52.66
55 0.73 0.10 7.68 774.85 51.12 53.64
60 0.66 0.09 7.17 801.51 54.55 51.12
65 0.88 0.09 9.96 764.85 56.23 54.67
70 0.95 0.09 10.65 764.85 58.52 54.67
75 1.08 0.09 12.47 749.85 61.17 56.32
80 1.30 0.08 15.58 739.85 63.54 57.50
85 1.32 0.09 14.58 723.19 66.14 59.64
90 1.33 0.09 15.15 731.52 68.58 58.55
95 1.29 0.09 14.96 714.86 72.80 60.80
100 1.21 0.08 14.40 709.86 74.65 61.53
105 1.22 0.08 15.96 711.53 77.76 61.29
110 1.17 0.08 15.42 706.53 80.66 62.04
115 1.07 0.09 11.84 699.86 83.92 63.08
120 1.05 0.07 14.16 704.86 86.82 62.29
125 0.92 0.09 9.67 694.86 88.82 63.90
130 0.90 0.09 10.02 694.86 92.35 63.90
135 0.95 0.08 11.31 689.86 95.00 64.76
140 0.87 0.11 7.75 689.86 97.51 64.76
145 0.85 0.10 8.31 684.86 101.21 65.66
150 0.82 0.10 7.78 688.19 103.47 65.06
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Fig. 5.4.2-3 Comparison of two defect identification methods for a 50 mm thick
plate. The results using the previous method are denoted by the beam angle ¢£.
The new method, in which the beam angle 0’ is calculated from the FFT peak of
the reflected wave, offers greater accuracy. It can also be seen that identification

accuracy increases at greater distances for both methods.
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Table 5.4.2-2 Comparison of the distance calculations using both the current and

new identification methods for the beam angle.

Distance | Calc. distance Error Calc. distance Error A-B
(mm) using 0 (A) using 6’ (B)

50 67.61 17.61 58.57 8.57 9.04
55 73.19 18.19 64.22 9.22 8.97
60 78.09 18.09 66.24 6.24 11.85
65 80.50 15.50 71.56 6.56 8.94
70 83.78 13.78 74.48 4.48 9.3
75 87.58 12.58 79.41 4.41 8.17
80 90.97 10.97 83.60 3.60 7.37
85 94.69 9.69 89.03 4.03 5.66
90 98.19 8.19 91.27 1.27 6.92
95 104.23 9.23 99.14 4.14 5.09
100 106.87 6.87 102.37 2.37 4.5
105 111.33 6.33 106.39 1.39 4.94
110 115.48 5.48 111.14 1.14 4.34
115 120.15 5.15 116.73 1.73 342
120 124.30 4.30 119.91 -0.09 4.39
125 127.16 2.16 124.43 -0.57 2.73
130 132.22 2.22 129.38 -0.62 2.84
135 136.01 1.01 134.05 -0.95 1.96
140 139.61 -0.39 137.60 -2.40 2.01
145 144.90 -0.10 143.85 -1.15 1.05
150 148.13 -1.87 146.36 -3.64 1.77
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5.42-4 1%, RE 143mm (2381 5 kL RIE, SN OBIRTH D, EBIE
w4 542-51R L, ZDOLEOBMRT HEZFEK 542310077, 70, #£54.2-3

1T D REGREGIEDOHRRE 2 EET 5720120 5.4.2-1 TRO LN D JH
Jrf 0 ZRLHE L T 5, X 5.4.2-3 K0 | BEEE 190mm TRAFIRIEITRRE R,
PEEfE 170mm CS/N B iill 72 5, £ 2 CoBE =4 U 7RI % B#EE 170mm
ET %, 170mm (T F I OKFETE 25 &4 3.5skip IZFHY T 5, B
L 722 0.5skip b ZABRENFHWTT TH D2, EMAT [TBEFRO B — L
MRS ENTZD . RS, IEHEREEHIC AV IAATLE W, ERERNENT
R, T, EROE=42Y U ZICHAT 5 B 170mm &35,

1.60 20
1y 5 Amp.(V) | 18
1.40 . ¢ SIN
- . 116
120 | Fitting Line(S/N)
Fitting Line(Amp.)| 1 14
S 1.00 F 112
3 2
ERX: 110 2
Qo
IS 18 o
< 0.60 |
46
0.40 |
44
0.20 42
0.00 0

60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Distance(mm)

Fig. 5.4.2-4 Distance-amplitude characteristic test for a 14.3 mm thick plate. Signal
amplitude peaks at 180 mm, whereas the optimum S/N ratio is obtained at
170 mm.
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Fig. 5.4.2-5 (1/2) Raw waveform of the detection signal for different testing

distances. Longer distances require longer detection times Between 60 and 90 mm
detection is not possible because the defect signal is mixed with other signals.
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Fig. 5.4.2-5 (2/2) Raw waveform of the detection signal for different testing
distances. Longer distances require longer detection times. From 150mm to 190mm
the defect signal can be clearly identified. S/N ratio is especially good for 170mm

and 180mm.
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Table 5.4.2-3 Measurements at different distances (14.3mm thick plate)

Distance
(mm)
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

Amp.

V)
1.33
1.31
0.78
0.60
0.49
0.36
0.33
0.31
0.50
0.70
0.65
0.85
0.84
0.64
0.44

Noise
V)
0.08
0.08
0.10
0.11
0.13
0.13
0.08
0.15
0.14
0.10
0.11
0.11
0.12
0.14
0.14

S/N

17.63
16.20
7.78
5.34
3.70
2.80
4.08
2.04
3.59
7.16
5.93
7.44
6.99
4.45
3.09

Pear Freq.
(kHz)

679.86
674.87
664.87
689.86
749.85
674.87
709.86
629.87
654.87
684.86
641.54
668.20
669.87
679.86
689.86

Peak time
(1 sec)
44.40
52.61
57.96
63.73
68.89
83.74
88.75
91.59
97.23
104.39
111.55
117.78
123.46
130.14
134.29

Anglet'
(deg)
66.61
67.61
69.81
64.76
56.32
67.61
61.53
82.17
72.34
65.66
76.60
69.05
68.67
66.61
64.76
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4 5.4.2-6 (X, 2.2.4 fi THUE 50mm THE 25mm, RS 20%t D RE@ISE L, /K
VER R 2 B B S 7 BR 0D R B E [R] E il RS DU THESE L 723 LW R FalRE
B EIERTHEORE TH D, £ 542413, TNTHLOWEMBEZELDZLOT
5, RN XV ETTAZRD DO TIERL, ZIFHEFEE FFT f#4T L.
ZDOREO E— 7 RS A O CRITA 02RO T, (ERTIE L FERICBH RO
BARAZFRIC L VRO T, WERFIE L FIEL LT 5 & FRRE ORE THIE
TEX D &N TE Iz, BEORIZHERDOGE ., BEEIEE b E W2 ER
[ZHARTHRANCREN NS RD b D EE R D,

200

¢ Calc. distance using 0

180 |1 ™ Calc. distance using 6

—— Theory value

160

140

120

100

Calculation distance using from defect

80

60
60 80 100 120 140 160 180 200

Measurement distance from defect

Fig. 5.4.2-6 Comparison of two defect identification methods for a 14.3 mm thick
plate. The results using the previous method are denoted by the beam angle ¢.
The new method, in which the beam angle 0’ is calculated from the FFT peak of
the reflected wave, offers greater accuracy. It can also be seen that identification

accuracy increases at greater distances for both methods.
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Table 5.4.2-4 Comparison of the distance calculations using both the current and

new identification methods for the beam angle.

Distance Calc. distance Calc. distance

(mm) using 6 Error using 0' Error
60 61.71 1.71 63.57 3.57
70 73.13 3.13 75.89 5.89
80 80.56 0.56 84.86 4.86
90 88.58 -1.42 89.92 -0.08
100 95.75 -4.25 89.43 -10.57
110 116.40 6.40 120.79 10.79
120 123.36 3.36 121.70 1.70
130 127.31 -2.69 141.55 11.55
140 135.15 -4.85 144.53 4.53
150 145.10 -4.90 148.38 -1.62
160 155.06 -4.94 169.29 9.29
170 163.71 -6.29 171.59 1.59
180 171.61 -8.39 179.41 -0.59
190 180.89 -9.11 186.34 -3.66
200 186.65 -13.35 189.49 -10.51
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5. 4. 3 R Btk tEERER

542 BiECCHRELIEFMHEEZHWT, RE=2YV  THOX T vaAf v
EMAT O /K[ ik 2 5Hl+ 2, # 5.4.3-11%, 542 fiE CO#mOMERSE LN
TR CTH D, K 543-1 & 5432 0%, HE 14.3mm, 15 12.5mm, S 20%t
& 50%t DZAFEIE TH D, X5.43-3 & 54341, WE 143mm, 18 25mm, %
I 20%t & 50%t DEZFWIETH D, K543-51%, TNENDOREOZFEL —2
LyLbd SIN Z7my FLTebDThHD, REGOWRPREL L HI1TE, Kk
SPERSBDLEFEEZBEE—IBRESBRDLIED DD, £z, TERMNIZED
EMAT (2 & % Kbt ) B AE ISR S0%t R S DK FaZ SN 23 2 L E TRt $ 5 2
(X2, T THAHZ EE2BZxHE, H 12.5mm, S 20%t DK% SINA UL E
THRIELTWS 7o), ZEFRET+HSTHY, BEE=FIJ LV JITFIHTE S
EEBEZXD,

WIZ[H 5.4.3-6 725 5.4.3-8 (%, AJE 50mm, 18 12.5mm, X 5, 10, 20%t O
SEHRETHDL, M 5439 (X, SHITERS 5%t MR ZBEE—7 Lk
SN%Z78y hLTEbDTHH EIIIUGLUTESTD SN BRI 2D END
M5, TRE 5%t & 10%t 1AM BT ST a2y, WIR TR — 271
HBILAZ < Wy L L E 12.5mm, 20%t 1 XHIBIFTEE T H 5, RSFAICEEA L .
20%t ETCORMITE=X YV TREETHDH LEX D,

5.4.3-10 725 5.4.3-12 1%, HE 50mm, B8 25mm, RS 5. 10, 20%t D15
WETH D, X 5439 1%, SHITES 75%t Mz 2258 —7 L~L & SN
70y hLIEbDOThD, RSIISUTESD SIN b RESRDZ &0
D, 15%t TN EL 2o TWD, ZEEZETIER LIEHEE. 20%t
LEOWRS TITEEROKFEN A LB 25, BERIIHDIEEZH > T
B SN TRY, RHHEENZ ORIET 5 & KA RETEENT 5, 1H 25mm &
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o 7272 12.5mm OEEITHEAR, IWVIRS TRafiL7= &2 D, KREARKMED
YA TINTRRER KA OO, Kige=4# 1) 7 L LTITAHARRETH D,
B ERSFECEEE LT, 18 12.5mm. RS 20%t £ TOE=HX U o ZIZITRIH

ARETH D,
Table 5.4.3-1 Defect detection test conditions
Thickness Frequency Distance Burst Exciting Specimens
(mm) (kHz) (mm) number voltage EDM Slit size
(V) (W : mm)
14.3 680 170 5 1500 W25X20, 50 %t
W12.5X20, 50%t
50 680 100 3 1500 W25X5,10,20,75%t

W12.5X5,10,20,75%t
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Fig. 5.4.3-1 Test waveform for a 14.3mm thick plate with a W12.5 mmx20%t defect

at 170 mm distance.

HH‘ I T I I I I I
s i e
z : : : : : ;
E ||||| TERITT | H[ITRE .._|..I|I||:|I| | By ke 2
= : : : : ! !
: ii iI ii ii iii N SO SO AU SN SR
< —IIIE -------- R A [ R R A R 1
ii ii i i i i i i i
il a0 100 120 140 160 180 200
Time {Lzec)

Fig. 5.4.3-2 Test waveform for a 14.3mm thick plate with a W12.5 mmx50%t defect

at 170 mm distance.
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Fig. 5.4.3-3 Test waveform for a 14.3mm thick plate with a W25 mmx20%t defect at

170 mm distance.
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Fig. 5.4.3-4 Test waveform for a 14.3mm thick plate with a W25 mmx50%t defect at

170 mm distance.
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Fig. 5.4.3-5 Larger defects produce larger maximum signal amplitude and better
S/R ratios.
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Fig. 5.4.3-6 Test waveform for a 50 mm thick plate with a W12.5 mmx5%t defect at

100 mm distance.
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Fig. 5.4.3-7 Test waveform for a 50 mm thick plate with a W12.5 mmx10%t defect at

100 mm distance.
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Fig. 5.4.3-8 Test waveform for a 50 mm thick plate with a W12.5 mmx20%t defect at

100 mm distance.

172



1.6 16
14 ||—*—Signal 14
—=— Signal/noize ratio

1.2 r 1 12
10 r 1 10
= - g
(_“ P .
& 0 —— ¢ =
? 0.6 6 @

04 r 14

02 r 1 2

0.0 0

0 10 20 30 40 50 60 70 80
denth(% thickness)

Fig. 5.4.3-9 Larger defects produce larger maximum signal amplitude and better
S/R ratios [T18%*].
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Fig. 5.4.3-10 Test waveform for a S0 mm thick plate with a W25 mmx5%t defect at

100 mm distance.
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Fig. 5.4.3-11 Test waveform for a 50 mm thick plate with a W25 mmx10%t defect at

100 mm distance.
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Fig. 5.4.3-12 Test waveform for a 50 mm thick plate with a W25 mmx20%t defect at

100 mm distance.
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Fig. 5.4.3-13 In general larger defects produce larger maximum signal amplitude
and better S/R ratios. Some saturation is nonetheless observed for too deep effects
[T18%].
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5. 4.4 RERFAR & DELER

543 fiFTT, ¥7/LaA /)L EMAT CTRIRRINFIEETH V| ERREIC LD
F=F VBRI THDLZ EEMREE LT, AEITIX, ko7 ragn
EMAT & Il #179, X5.4.4-1 £ 54421F, X7 /VaA/VEMAT, v 7=
A v EMAT O, o> 7 a4 )LV EMAT OZES B O 2 i L= b
DTHDH, Wb, HE 50mm, FEHE 100mm, EDM A U v F30E 25mm, ¥
S 10%t T D, JilJE R EIIIERMFE TH D > > 7 v a4 )L EMAT IZ/E T
650kHz, 700kHz & 750kHz /N— A N2 & L=,

X7 aA )V EMAT OIEIE & S v 7 v a4 v EMAT 044 eild 5, &
LOLERBN LG 2B L TWD E W) BRTERIFIZIRI U TH D, 7.
75 u sec YLD RMAE 5 BRER SN DM, ¥ 70 EMAT Tl, £ DERTE TR
EHEBNFET D, ZOZ LD, 100mm K VST TRET L Z EBNREETH
HTEERLTVD, RIZ, EHFOE—7 LyLEy 7 b aA v EMAT OJ
MREV, ZHUE, [A UK E XD Halbach B O 4 2 > TEFIE ORZ
FEZEATO 7V aA )L EMAT IZEH, # 7L aA )L EMAT (3537 D& k5%
BETHT TN BHREEN Y 7V a A )VEMAT ARG 72 b L& 2 B,
L)L, /A R LYUE X 7 vaA v EMAT OG0/ E, 2k, 5%fF =
ANEGFTIZZE T, WMERICEDTEN /A X2 b 7V aA )L EMAT
WA A X2 T AN TELDThD EBEX D, REHREITIIXR
el oD —27 L~L XD SIN BNEETH L0, X7/ aA /v EMAT (31457
EFE=F D UTIFIATED B 2D,

W F T aA VEMAT & 2 7L a4 )L EMAT O 7253 ARG T % i3~ 5,
RGP, EMAT MO ROBEISE, ZORETE2ESTLHI L
T/ A XXX T8I THH[X2], NEHENBEZ, /A AL~ bH T
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/b3 A )L EMAT BBEICHZ b, REGE 5 OHBINES TH D,

Z 2T, b EN S 750kHz TR L 7B S b AR T, £DOXRME S E—7
LoyL b SN IR LT=D M, £ 544-1 THDH, KWEBEE—7 L-ULE, &
Vv aA v EMAT TESUEE L7 ONK 1.7 fBERE WV SIN 1TV T o )E
WHTHH TN aA /L EMAT DFRKREN, ZOZ b, AR X v
WEA LR &b H TV aA )L EMAT (3E=4 V)V JIZRHATE 5 Z &3 bn

ST,

Double coil EMAT(raw wave)

Amplitude (V)
o

TR

Single coil EMAT(Difference wave)

0 20 40 60 80 100 120 140 160 180 200

time (U sec)

Fig. 5.4.4-1 Comparison of the defect signal for the double coil EMAT, the single
coil EMAT and the differential single coil EMAT. Differential processing requires a
mechanical scan. Excitation frequency is 650 kHz in all cases.
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Fig. 5.4.4-2 Comparison of the defect signal for the double coil EMAT, the single
coil EMAT and the differential single coil EMAT. Differential processing requires a
mechanical scan. Excitation frequency is 700 kHz in all cases.

Table 5.4.4-1 Comparison between Double coil EMAT and Differential Single coil
EMAT signals.

Frequency Double coil Single coil &
Difference
Amp.(V) S/Nratio  Amp.(V)  S/Nratio
650 0.999 7.342 1.635 6.181
700 1.000 11.1 1.726 7.845
750 1.049 6.836 1.656 5.577
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5.5 H¥E

ARETIH KIGE=4% U > 7 H EMAT OWFFE 51T 5 72 D2 X 7LV 22 A )L EMAT
DIFFEZAT > 7o BEAFITZETIE, KK 21T 2 BRIZ EMAT Z BRI A 5 v
=TT BEMERB ST, L, T=F U U ZITHWEEA. B A Sy
=V ZIFTERD, B LK, BRI AT Y = T EITHI GG A v
MLETHLZ D, a X MREL< 2D BIMEMELS 22D,

Z 2T, MR EEDS PPM AEIE DY) 1.4 £, 55245 & L THKI 2 f51272 % Halbach
WS AEEE LTERAL. 2/ Va2 T va e LIZEMAT 28R LT,
W, BEKOEZEILZaA /L1250 EMAT CTHREETH DN, X 7/vaA il
LEEHaANVEZEHaAVERITHZ & T, #E, ZERICTHETE L
TEND /A XGRS D ENTE, WA Xy =07 21T7b7e TH XM
ERERMET D ZENARETH D Z L bnoTe, KENTORRIIIT> T
TRVNDS, B3 EL R 4 RRERRICE BRI X2 A LV THEIERRE TH D Z LD
NAT Yy R T EITH ZEDBARETH S,

TN aA v EMAT & HWC, 5 2 BTt L7238 LW R MaIEEE O RRGE %
Tofe, T, HEHT L= MESE RE B EZHR LT, N—X Mg
MELIRDIZEZEREITIRELS DN, TOFREHROBRELI DI END,

I PREE S Y COWE 2 B L T 2 EWRIE TORM I 2 480E L S— 2 M A ik
E L7z,

W, FEHARBIC L D2ZERELHZRE LT E 2 A, 680kHZ iU KK TH
27122 EvD, 680kHz Z B E A #IE Lz, Zhud, JEdrAa e LT 66.6
BT 3 5, B LWKHaREE CIE, BERICRREEAHT. PLEHO
JEITA TR < ZAEWIK % FFT 12 X 0 BRI 21T, & O KRE Th
DEWE N BIRTAERH LN D, AFEZ AW Y ORHERED 729
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OFRER L LT, FRAERIERE & R ke R 2 550 L 7=,

ZORER, KT =4% U > 7 H EMAT [Z[E DR WSHREICHYS 35 50mm & Fd
BTS2 143mm (23 L, 08 12.5mm, S 20%I24H2 35 KM% SN2 LA
ECHRIETE 5 2 & AR LT, fEKRIE & B 24T o T b M R IR Y SN
TEWZ ERNbhroTz, RIMFEITEEEICOWTHERDOEE. &K 1lmm UL E
DUENG BT,

FoT, FT7naA )L EMAT (2 X Vi RMaREEZ MWiud, JEEEGROR
BORME=Z Y IRARETHDHZ L &R LI,
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F6E

Q=]

Kim XTI T HREFTOENRE b F 2 D RIS OMAREE 205 & L
RFTE =2 ) T RFEORE T T, =% U 7 RBITRKIFE T &R
JFACHECERE TH DK - ALCRELE 2RO, BERA, BUERE, BlE N
IR, SRXMD 4 FEHEZT=F ) o rxtg L Lz, MARESE ORTE=
Z U THAMOMFEICEE L, RO 4 SORREZ R Lz,

1 DB, BHMEREED Z NS BRWFELZRET L2 THD, £2 T, K
SV E R E 7] RE CHE AR 23 N B2 72 FE MG 1 I PRt 1-(EMAT:  Electromagnetic
acoustic transducer) % W\ 72 WF9E 21T - 72,

2OoHIE, BREEP TORBE THETELZ2LTHD, £ T, HILWA
EFEEREZELUAIEEZRIE LT, 3 ECHNE=4 U > 7 i EMAT I35
L7z v Az a—HR(PER)EIC LV 200°C D EIREREE FCTh mEE 2RI E 21T
92 L EWR LIz, WEkD EMAT IC K579V AT a—PENEDRITHEIL 4+
03mm Toho7z, LiL, PER Z#HW2GA, REM, A7 LAEHIT 2
+0.Imm LA FORERE CHRHERRE TH L Z L 2 MR Lz, F 4 =TI
) ARLZRECEOHMEICEELETLHZET, A/ AXT 4N EZR702Ed
200CC 2mm=*0.03mm &FEEEA BRI Bz, £72, H S ETIEIRME=2Y
> 7 H EMAT |[ZDOW T, =X U U VAR Z 7 /L a4 )L EMAT 4% L7z,
JENEZAZICAHYE T2 50mm &EREEICHYE TS 143mm OREISK L, 1§
12.5mm, RS 20%IAHE T D KA 55Xt/ A X2 L ETHRETE 52 L%
MR Lz, TERMIFE S LT &E 72, KM EMAT (2B 2 & v AL EE T
o, LL, EMAT REICKEa XA AL, HEAKRLREIRD
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TeOE=H Y T EATOITITEBAIA T v X TERY, 2T, (RIS
nTCWier v Za il EMAT Tl E2 B2 nH Lz 7 a4 il
EMAT Z W58 L7o, A& IIIEROMAEE TH D PPM &L D 1.4 (5O
W L2 72 %5 Halbach #&E 2880 L7z, £72. KMaFEEEICHW DB E ORI
AITZE R 2 BRI Lo e — 7 HEE 2V TREE T2 FEE WD 2 &
TRIEREN M LT 25 2 LA MHER TE T,

Hix, RAFEiRREICi A5 2 & Th b, MEWEZ T T7< 18 7 A
DHEFHERIZMT R H Z D TE LA BRI D,
%5 3 BT EMAT @ 200°C D @ittt & 18 o A ITHHR & B 7o iRt AR
BREAT -T2, TORF, IBE 150CLLETIIMAICL D /A ANRKREL D &
MNP B /) ARERET L7 A NVENLETHDLZ ERDNoTZN,
15000 FEE(21 # AL b @i AME S HERR S iz,
40T, L0ELOEERN 1 SO THLRD ZENRTENET TV b
P AT O BRICRERICE BN OmFEICHETE 5L WH 2L TH D, £
T D0 THEEOYMBHELZNETELI ATV y RV U T RR
WGE L7z, BGEdgid, 8 4 = oA RmIEE, Bl ER X ORI
EERENRET DA TV v Ry 7 EMAT Th b, 20 3 SO
=% 1 0D EMAT TRIET 23, fE & B & RS2 E T 2 -olck ot
THAL U ORELEZTV, SYEELZRBECHET S 2 & THRMEZ R LT,
BB R AR FHE, EMAT 2 A VISR D ERESUEO B2 IEST 5 2 & T
HET 5, RBROMBR, EEORFEREEE & EMAT = A L OE KGR O [H
(ZIRERREE LT 099 DL EDO—B &R T 5 Z LN TE T, RICELEHRILS
IR COMA 7 A XKWL A B 7 K5 F . 2mm=0.03mm O CHIE FTRE T 2
T EMR LT, RBICHNETUA L LT 90°CE COKRIBOHERBRETT 72,
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K OBERZEWIIERIE TH D0, EUERTE & ZE OGS
KDL TREMEZEREL, FEREMAREICERT 5 Z & TRIRHEIED
ARETHLZEEZMR LT, "M TV y e 7oA Yy ME, R-—&ET
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