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1.1. HREDE=R

B OWANTRET SR W TH Y, EDXH7T T MTBW T EE O
RIZEETH D, ZHOHDOWRIZOWNTIEZDHAEA =X A, FAEMPTE, THEFERIC
WHER 2 STV R IT, FEENICBN TS, MsGETRESHREN S0 L, HEHERME
Ths LRSI TVDI18], T 1.2.1 TSR, 20X 5 2B 0 MAIZ LY A O
FEAN = ALMIMRASNOOH D, Lo THANELRNWE ST T N OIS,
F 7B RFE O BN TV DEEMEI~OEE, KOREE ~OLERE, FE O X[E L
DEFE, e EWThvd, ZUBOZMEC LD REERGEE, TR S5 A AE T
2t U CEHIR RS R S OMAEZITV, MAZERICER S0 2 RS ORerE 2 Ik ST
W5, REEISOMEIR, BEORRI LICHIES, B EHKI I ESWT, FEE
WEBENAT>TWD, LL, ZORIBRAEPWMONTWDIZH b b T HALFE
HOIRAE LTS, BlxiE, 1986 4 12 AL, KEOME KR KLF (Pressurized Water
Reactor, LL T PWRICEWT, ZIRGHARELE = /LA —HCX¥r F kg3 54 L,
FECHMNFEAE L T D06 17, 2004 4212 8 AIZ, HAD PWRIZHEWT, 0F0 kM
HRBEAY 7 4 A NI CRBEOFH A B - 721618, Fig. 1.1-1 12 PWR O FfE & =
NG 2 OOFEMFART 27T, 1D OFMONF K T A-4E BE B 2 AR A 23T
NTWRIN-T2Z LIZd D, WICE 2L, MAEBEFTOEHRB AR+ ThHoTebITTHD
0B, BETI7 L MIBITLIREOH, R3xEx25L, TOEMHIIMHETIIR, FLTHE
HTIERNb DD, WS DINOFEET T b TRAEEBrF IR AE L TWDH00Z Lk b,
ZUIEMT NS, Bz, Fig. 1.1-2 (ZKIHEEICB T LR 7—EROIE TH S
D, ZEOBENED KL ENTEY, ELEEENEITOWRTIICHLONRMIETE 5, I
BIZ, 77 v FomEmfREL, @RI XV AP 2EAICH 5, BRI
BWT, BE, (LF 77 M lIIWATHL 2 &0 0, EEIOEHIIASHKR O EER
METHHETDHEFZ D,

£oT, 770 bOREEERT DL, LV EZ L OMEEINCHSWTRIERE, &
BEDI IO RIS, 53 IR 2 R OBRLE DOE STEFIENFITRD 5TV 5, 6213,

HERREN GOV IR EE STEH O 2 REICH T 2
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BOBFNL, FBETT 2 MTOWTOFEMRNPE, ZhuE, BEFENRILOHEZERA
77 ThHI L, FEHPHRIIEREEELRIFT L, ERFEEENRENEZIT IR
NaeFoTWLZ LR END, FEEHFOREMRBENROLIL, T2 ENHEBTH
HEEZTND,

ZOXSICEEORHAEEIIRERECTH Y, REDORAEMANIIVZD & ZAITIFE
T2ZEMD, ZNTOWTOMEITHRICKHT 2 RERERE 2D, KX T, £0
HEM, FREOZIND, BET T v NOREBAEIEO FIEC O TEmE(To T
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1.1 #zED

Turbin
m Steam \\ \\ Generator
generato D{ P |

Condenser

(4]

Pipe rupture accidents

Fig. 1.1-1: Pictorial explanation of PWR. Primary coolant is water in orange and

secondary coolant is water or steam in blue.

Fig. 1.1-2: A boiler building in a thermal power plant




1.2. HHRDOEM
121 EERNEEORRK

ATETC, BLAE ORMREBIIBSICE ST TOILTWS LB L7y, ThoRils 72
S TWDHEEN A 1 = X LD THBEMNICR > TV D EREZIRRD, BETT7 2 bO
FLE 231 DI OB & LT, FiedunisBlg £ (Flow Accelerated Corrosion, 2L T FAC),
i 0 —2 3 > (Liquid Droplet Impingement, LAF LDDA % 5715, FAC I3,
PR 7R AR DSBS BE T OB LRI A 1T XD = & CRUE DB R L TV < T 5, Fig.
121 1R T XIS, AV T4 AFHRRL VLT 2 — i &, MEORMBRZENEZ S
EZAITEL, IBESCPH OEBEZITHZ ENMLN TS, 72 FAC (%I /R FEH
WAL TH S, ZiuHid Sanchez-Caldera 512 K 5ET /LT TX 5, &
T FAC OFEEITLLFOBRIZ L 5,

(1) KIZ K DERDOMAIT L D Fe2+DH/E
(2) BRALM D ZERE % T8 L T- Fe2+DyLHL
(3) MM 1> B K HF~D Fe2+DE)
ZHICE Y, FAC ORAEICITLLTO X 5 (ZiH, pH, RESENERLTWD Z LN
TZ 2,
FARDORIR 2 AT Fe2+ OB & BT 5 Z &
pH DME & ERDBR W) DVEFREE NS 1235 O T, BRALHEIE ORI CIRA 3T e Z
L
REMENE LA LV ZEDME T LWEBBIORER/ NS < 2 VIRER &N &
Fe2+DIEMEEN T35 Z &0 150°CHHE CAEDO B —27 2 5o &
FIMEIFRIRBLRIZ LD FAC BRAE LT WHIRIIIENT, 4 7 4 ATRICEK
WTIF 5 FAC L, BEENREIEMEL Lic &4V 7 40 A0 2 (5REDOMEIZRAET D
ZEMALMTI STV A[13],

LDI (%, FE ORY #HICIVCTEKUTE E 05 U 3 Tl IO oI &, Bl
BETHNZ 22 L2 OEB) O 2 L)EE & 722 o TREmICH I e 815 4 5- 2, BERIO—H0
BERL L TS Z & TA U S, Fig 1.2.1-2 1R T X 912, BEOHN D, =/ AR -3
ETHWATH D, RFHTIZT TIEe <, MEEMEROFEV SUS304 HD AT L AFHIC
BOTHRET DA TH D, TOBATIRIL FAC &l U TRWEIPHIZAE L, BAIH




1.2 #EOHM

D HDREE DA E A FFo, FROFEM OO LDI ORAESFITH NI h 2255
[23]O
ZDOXINZ, WHADIHAEA D= ZXARHALNZR>TNDZENLLLTO L 9 225l

RENTND,

A DA T < WIS O FFRGREE, pH),

TR ZIZ D72 ORE DS EEIL, EE REEOKRA L,

Al E DA
F72, 772 bOE EOHIFIN D 2D ORHLA R EE e A,

E IR 22 B 2 S HIE
PAITON TN D, 2OV TITH ARSI TERNOREE L T T b A =T —,
IR, EOBMRERNSINML CTF' 7 v O D & ICHPMER S L, FEFITZTOH
IZEDSWTEE OE AT > T D, Bz, PWRFET 7 FTiE, FEEMHRT
IR AR N KB - 5 BB T B IR A B B3 2 BEARAR RS 1) 2MERR S hue, 2h
[TLLFOEE TR STV 2,

AE Al

B = B EE OFEGS

C & &R BRI 5 Hfir Bk 5iH

CA = Fru s As A (FAC)IZ K % B i & B

CB = KR — 3 1 K DRI OE B

ZOPT, WAL FACIZOWTOMERD IS 571L75 TCA-2300) TED LTV D,
ZOMET7 v —% Fig. 1.2.1-312¢, £7, EDONRFHAIMHIET, CA-2310 TESR
S AT AR GRS A AL O FEFEI G U7 E MO SPE A i 5, 2 Ofmiiici Fig.
121-1 728D & T, ZHAUISCTHETGR, TAGRICREREREL TH D, ZNbiE
IHFETOMEN LBAPHELCTWEF & ST 5b, £/, LDLIC W TEZ OJIE
SN2 T Fig. 1.2.1-2 IR T X D IR SON D EFTORIE A ER L T\5d, ZHiZ
FVEEESIPHERERE I Z FRIG2WZ L 2iERT 5, Fhlo7za, CA-2320 (125
DR Z FEH T D, AT K% 20mm HROK FIROREREZF T ChR/NEE %
TREIZHHA RS Z L2 AME LT, KRIZ, CA-3000 (23T CA-2310, 2320
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IZE > TROONTWEIR S NOBANOREZT 5, ZHITEEDOHIER R S RH O
R AR L, 5 0AZRENDRFMPKEIOEMHRAEE COMML EThD Z &
EHERTHZ L THD, FHIDEEIT CA-4000 (2S5, FHEF T BAOMERED
HWEAHELDLZLICRoTIND,

WIZEARRRESPEIZ O TS, ESREIZLL FOFIEIZ L > TIThI T 5,
Bt
WrEES 2 444,
Bl Lk O¥RELE FIDI T,
2 N1HTHIES 5,
LB B 5,
WrEbS 2 IR,
R ET D,
FEEREOFEELZMR L2 G R % Fig. 1.2.1-4,5,6 I~ d, ETRLG THLN, 7T RGO
PBECHRBERRZREG T, AR LLTNEIICT DI EROLNDD, KB EF?E
b 86, [EAEFBE O [5e24EHRl) 1[X Y Fig. 1.2.1-4 © X 5 7 B2H 0%
ENRRDHID, UREFH S T X N0 500, BERH > THRERPMEXTH D0 bR
MIRNDT TRV, ZRMEO R TIIMIE BRI 7T > OGS, KO E X H
LREMFFTOMNE Z ANFHMTO 2 EnHY, MERMOR/IMERRKD D, RICEEES
THDHN, 772 FOFEDFLOTZDIT, 1FE A EOEE ICITRIED T2 DWW 23T
BTN D, BET O B BEVE O ZAT O FiE L LT/ ULV A B R 2602 V72 Fik
W20, WARODT R Z EREFHI S 2 OIXREE T, BMAOAEZL A BT~
HAZ ) == TREE LTHNLR TN D, Lo TBERREL FMT 2 72Tl
MO—RRRELZLELE TS, BEOMEDNRIFMOYE, S DITHIEDEENELN
TW5, BEEEE OB CHEROKFNEE 20T, EfQEIRENTE RN, Lo
T Fig. 1.2.1-5 D L 9 IZ8F IEDBEIOFREEZLE LT 5, RIZESHETH D0, it 2
AN 1#TITh 5, Fig. 1.2.1-6 [ZR T & 91, JIEH 1TERAL 1 & JE SPELRZ FF 272 01l
FRSEIN-TEY, MEMRORRENNEI 2D, MEHRITAETY —HELZFROH D
Lo DD, WERNZNTZORENZRET 2 ETHReE LR TIEEXZITY, ok, M
EFITIL CA-2200 [FRBRE O T 128\ TC, FEBERAERNOEKRE TH L Z Lo3RkD
LTV D, HIE IR FE AT OFIAIIS U TRZR DD, FV 74 A FMROLBE, &

®@ @ & @ ® ©

Q
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1.2 WFEDOHM
RTH 128720 16 45, —ELU EOARER -2 THAUT 32 KOWUENKRD BT
W5, FEEICITFEER TSNS C TR YIRWHEFAOREZIT->TWD, £/, BAMH
FAL TV D 58 3R 7 DI & 0 B SHERRPBIDIC R 5720, RbBEAOEA
TS L ARSI 2 I T O T HRENH D, ZIUILEIZ L - THIIC
FEORDEIRD Z L2 BT 5, FMICE Y B2, BRI 1ARIC 0.1lmm OF—#—

TERERT S, 1FERICIEET S22 2& 2 5L, BEIREICIE0.1mm DR R D
BiLDe MEAUVIZE > TZORELZMFFCE R R2ENNH Y, CA-2310 TITKFEIE
SPERFZFR CHr 2 fET o728, MERICHIZ DT 2 Z & &2RO TS, HIEKD
AUTEE OB WM 2 nICR L, BGEMEL TR T ERD, 20X 91T, BREOR
WEBIZIZZ < OFEENKET, AR AZRWZE SREICE T SR TH 120y
720+ 3T EE I D,

WA DRAERA T = X LBHSMNTR > TWAHEDT, BMAEMEFTO LKL S 221 iEEi
BETHIZREMIRATRETH D, —FH T, (FEOZEM, WEREOMFFORT, 56
ROWRDBROHNTND

728, T TR LI BA B OIERUIZE O BIRERIA SN L T 2 R RIENIC L 5 A
FHEE L TESTON TS Z EERETIVNERD D,




#
i
S

FAC

FAC
(c) Near reducer area

Fig. 1.2.1-1: FAC generation principle

Fig. 1.2.1-2: LDI generation principle at elbow




1.2 #EOHM

Representative point measurement

CA-2310:
Generally measurement

3
2 |
Standard thickness v
2 1-
tm = tsr + g(tn _tsr)
t, :Normal thickness
t,: Necessary smallest thickness

Yes CA-2320: Detailed measurement
No :
CA-3000: Evaluation
(Wall thinning and residual life) Grid space is about 20mm.

Fig. 1.2.1-3: Measurement flow using wall thickness gage

(CA-2300, JSME S NG1-2006)014

Fig. 1.2.1-4: Scaffolding for thickness measurement. Scaffolding must be made, when

work location is a high place.




Fig. 1.2.1-5: Preprocessing for UT. The coating needs to be removed, because pipe

coating thickness affects the thickness measurement.

o R L

o
ol v Sl

Fig. 1.2.1-6: Thickness measurement work using UT. Measurements are performed by
two workers. Main worker measures wall thickness. Another worker records

measurement results.
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1.2 WHEOHEM

1.2.2. RETDBREEFE
AT CELIR O BLE A E BRIIRM PR A RIS S W CHENCE B S L, BlE OfEerErn
RSN TWLZ L@ Lz, —FT, 1EEEOZEMEOR L, HARALZIEMIZIEET S
TeODUEDNRD TS, £ 2 CTHox I, TERGE IR 4 7 Rk E L CRLE Ok
REESAR AT O Tk 248815, 2, Fig 1.2.2-1 1R T X 5 (BRI k1 % W
BMoOmICHERREL, 77 NNOEEDOGIINOAEED X A X 7 ThEE S 2 HIE
THFETHD, ZOFEOHRLE LTUTORBET NS,

VRS D BT A BLX )2 A D MBS 22N, (EEEOREDHER S LD,

WrEF ONIINCERE S 2 Z & 2 BRI IS B 2 R 59 2 MBI 720,

BB E R OFEL ORI G, $HIEOBEZRES 2020,

PRALTF 28 S 72N 2 LD BERA T OALE X V3 L7220,

e EE T2 <, WG ORREAL JEHE L LB/ OF BN ATREIC /R D,
—75T, AARBEES OPANAUE TR R STESIROREIZ S TWRWDS, BEK
JESFHEAHRIC/ER SN TR Y, MOFEEZ WD HGEITITEMAZ LR KO BT
Do AGmX D HWE, BLERPIHIE IZ I\ TIER DB S I IE S FHIxT U CEtidE & fRfih
FOEHADEMRICZETHLZ 2RI T T2,

—  Mainsystem @ _— 1d 1d 1d

w4
~

=
—=| O EMATSs |
[Ldace } 2

A/D d

_25‘081__7[—\@ Orifice Q\ O\ O\ O\
[ ] [ e (U 1 17
3

A\ Multiplexer control line L g

— 4x4
Burst power supply Pipe -3|de circuits : o
] Pre amp. Diplexer | | Multiplexer 8x4
Detection line output  input output  input exsiting ~ sensor
{ ® Gfr® C
Excitation line
(@ [OCo® \

Fig. 1.2.2-1: A proposal pipe wall thinning management
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1.3. HROBME LK

AL TR, LV LehTTy MERORDIZ, EMAT I X 2B RIA ORIER A 2 12
K L7z, EMAT (3fEix OFFICEY, ChiZlELctr 3 Thd, —H T, BRO LS 72
B85 I O RO 23 i Tl 72 WiGE O EMAT % W2 BREEHm I, 20 E TH2ICHET S
NTIRnolz, EMAT ZRE OBAZENI W2 58121%, ToktEigaffoTnd 2
EafER L, WREOREICE L2 HEEEZEX D ENEETHD,

AR ICAKGm L DB O, MOBE AT,

=5

i
BRBTE I X D SFH

sV A 3=k W EE A U 2 I8 O R
SR 2 VT A5 FAC I8N RTEAT

FE B FAC ~ii

8

i

&
o me Mk

® B W
GV R \

&
» o

1ETIE, AFEOERBLIOHE, 720 IIATR O AR5,
TiE, BEEEZHAOESFHNCOWTIRAZ28 S, 25T 5 EE A ORIER
BUZBNT, EREEF DB RFHE AR > T D Z & x5,

53T, WA AN L U723 BRIKITRE L b 2 a— B VTR IR OFF
izl 2, £72, TOBRERAZHGNIT D,

4 mT, ERSNDESPESMEEICS LT EMAT 23+ 7atEfE2 fio T 5 =
& EMERT Do £ DIERED FRE A AE L BB IR IO L THAI Th 2 2 & 2T 2,
55 BT, FEHEA~OMBERO—>TH DPERFN DN T, FREIHIE O FiEE
BETH, WIT, EBEO FAC 2 OsBRRIck LT EMAT (2 L 5 3HREZ#A L, #Ek
DRBE WAL T K 5 JE ST & FFRE D MEREZ > T\ D Z L 2R T 5,

6 TETIL, AL OMIEEAT .

#H1E
525

2

12



2.1 =S

F2E BHEBTRICIIESAEE

21. #E

H xR EOH & LT, MRS OWNIKNZ o5 72 0lc v~ —THln
THEHEOEZBET HDFENELSDLOHWLATE I, BIRBKREWVIZEF T EOR R
REW, 2FV, DR ETEDRIEAHTOND &, FTEORRIINELS D, 208
&, HEOREBIIRESGORR, MNLE, BIIUKFT D, E AR ELRE<S
AR OEZME S Z L1tk d, —RICAOREIZE < T 20kHz 2 & S b,
FBENIAIL 2 72 O TR 7 I B 03E W & E BIIZ RIS I LR T & Apuy,
1930 FED B AR EEFHWTIREI 12 X W, MHz & —4—0 XY @ E RO - E K
, BRWNCHIET S 2 & CHBEMERSBIRTE 2 L) 0hote, ZREMAWT, Hfxt
SOOI T, 2OoFBRENRL, AOAHERL Y mWEE#ES 2L TR /han
K% BRAG T 2 MM LA & LT, @EEGHINE b T2, BIEE CHREF
ERIREFORBICE Y BaiEixm EL, THP 0 Tlik EFoMRTHIFMA SN T
WHDIFEMTH D,

RETH, RAANHER OB T & A0 SCTIE 3 2 BRGEF I ORI SV Tl 5,
RITEBF A HWCESFHIIOFETH D, 7V AT a—{EE HREICOWTEHAT 5,
INHAEZBELT, #FETLFECEOTIEROIRE) 7 &t U CERGE I 2 BN 72 FF
RO TWAHZ L ZIBRD,

13



2T EREERICKDESHIEE

22. BEREMT
2.2.1. HEROBERIFMT

FEGFHINC b TV 2 BREEE WA 7I2IE, EER 7, MESRT, EERTEN
FIFohb, 2D OR %% Table. 2.2-172R74, B E &% (Frequency constant)i
JEE 1mm OFF ORI Z R L TV D, iSRRI O FE 1L, IREREITFHE T
ZRET DM R LI SN D Z L EBEWRT D, Ko T, M LWEEEICEDLET
FTOBRERDDHZ LT, RROZRAF—ZRMOHT LN TEL, HITE ) LFEF
DFCRIAE B HIR S5, FA O HREEEITRET TR~ 2 WIREEL AW RS
HEICBWTEHEREKRZR D, ZhbDRFIIMEITISCTHEN DT A TWD, filx
ZARY 7 vk =Y 7 > (PolyVinylidene DiFluoride: PVDF)|3ff [l n] E 72 J& 1 i 73
IR, REREEBNRBIPYFFCE L5720, HFERSNTWOLHRFTHDL, FH UMY
)L gRgR(lead zirconate titanate: PZT) X Z 415 DO HICHRIC K X 7o 2801 & B v
FTLDOTELHEFT, WEPLEIFHNCK S XEON TV D, KEITHKEIZ5R < K
L RELTHWDEDT, HL bbb Tns, =478 Y F 7 A(Lithium niobate) I3
FHEROF 22—V =123 1,2000C L &<, @R TOEMICHE L TWDH, 7 =74 MT0.IMH
z N OFRFCBRARBIRICHN O N D, EER FITEEA L E—F U ADENZER T ~D

FWOEZEITH LTV D, Bt mm R O SJIECEREG OB I BT, ARk,
FIEND, PZT VSN D Z ENEN, ZONHTIE, ZhoDHFEMALE L
B A PR & RS

Table 2.2.1-1: Electroacoustic transducer with ultrasonic measurement27

Operation frequency Frequency constant
Principle Name
range (MHz) (MHz X mm)
Quartz 0.4 or more 2.87
Lithium sulfate 1-15 2.73
Piezoelectric
PVDF 2-150
PZT 0.2-10 About 2.0
Magneto - striction Ferrite 0.014-0.1

Static electricity Capacitor 0.1-1

14



2.2 EE R

PR SPIE TR B EThIL TV D PZT ICHOWT, LV EEMICHT 2, BRELME
MAEEBRT HDEENREAECLLIWETHY, ZNOHOMREGLNDIWE O TIT—HKIC
ROKREREMERY BT ZENTE D, Vva@BinPbZrs) & F % e (PbTis) O [
R TH 0 BRERTIZARV, BT 2 v 7 2O TERUSMT BERSOR, MfE2R Ckx 2o
BV EEDL Z ENTE D, PLT Z W=t OfEiE % Fig. 2.2.1-1 12~ 7, [Tl PZT
DERBHIZ DT2DDE L 30— ZTEME LT D, FEARIC, PZT & Bl e 721
DHMANE TH D, BEEZMA D20 TR 2 BIE UICHERIR & 2R 2 5842 T
5720, PIT I/ TR T 21ED Z L3 T& 5, ZROOFAICLY, BFE
- & LCTASHOWOBNRTWS, $hEFATNDIDTREIZCE S THETIEH 23, /)
ETEEDORENVEEA 42 FEBRTE D Z N LBREICHBNTIMmO THZTHY, RoHS

TOMEHIAZ THIGRRI L 2o TS, FleAf 7V =y FROT Y o Z D~y R
bbb T g,

PZT (ZRE SN DR OB E W TR ORI E LT, Bfih1 BN IRENIT 2 2 & %15
Bivd, Lo, B b EEBRIRICE I 2 AT 5120%, HRhT & gtk o
MOEES =T 2% +05/N ST 5, D0+ E20ERH L, BARH
i, 77UV DX IRREED & D IE A HGRBRIKORE T > THvD, Bl 2y
MBS T UANT 2R ER S D, MDD DBEE A S DIF, BRI R EEMET L L

Z, RPEDME N & BV A MERF TE R0 D Th D, TS DG ETTIRBUTIE U TR,
KEBED LTI EZHE E LTHWD Z &30 5 E 2 LB &+ 5 513 EMAT & #72
HRTHD, Fig.2.2.1-1 mbbnd X912, W%, HihFOZMIIEE SR THWS, X
S THRAET DWPIIMEE & 70D, BRKAIAE ST 272 DI OBt 2 A B E 30X
FWEIICEDRD D, WEOBE TIEZ D & 5 725 OB I & Wk B R N ER I A S
D2 EEFRGTIERY, ZOmS EMAT &R 5 M Th 5, Aiw L THOWCBERIE S G
% Fig. 2.2.1-2 1275 %, GE Inspection Technologies £ DM4 T, FAW /=¥ +¥ oW m

FEITK 3X3mm TH 5,

PZT MNEBE MR- & L CRLfibN b DI, MEHREDRMCEESEDLZ ENTE
HINGThHD, —5 CHAFAEEICHRRET 256, PLT 25 RO BRb 113 40E
PR RPER 2L T2, ZREROEE 2 HET 5 2 & I3 72 2 228
LT DL, BHEERE TR LREZFEETDDITHERDOZ EZBER D LL<OFH
RLEET D, EBEMT AR EMSED S ETHEORBIC LY, BRIk IR
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2T EREERIC LD ESHIEE

JABE e IERE N 72 < 7R DR B 5

ftrain direction

Coupling
N~
~———Ultrasonic wave

Test sample

Fig. 2.2.1-1: Pictorial explanation of PZT

Fig. 2.2.1-2: Wall thickness gage using PZT
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2.2 HEEWIRfRT

2.2.2. BHBETREMT

TR I il 7-(Electro-Magnetic Acoustic Transducer, UL F EMAT)IE 2.2.1 THAT
L 7 PRl & VLR BN B2 DR T 5, 2.2.1 TR LI IR BN ERTH 2 &

R VEERARAEIE D, EMAT [3MENSEmICEEET R EZBAESE DL, DFD
BE DR, JEHEMCOREGZ W REE + 5, 2T EMAT 2 DAL o114 7
AWsm &, MU EMAT 2T 2 a4 M ko TREmRIC L b —Lv o>y b, $7c=
A TAZEIM L Te =2 MEIZ K DHEED, BRAIRREEL D16 TH D, ZhiZoNn
TOiEmmlE, 1935 D Wegel & DOAFFERISC, 1937 420 Randall & DOAFFEBOIA R T X
Do T DITHEREERIC SV T D T D, FEREEMR AT & L TiE, 1970 4£/RIC R. B
ThompsonBL 3252 XV, v — L 2 JR0METE 2 i o 7 FERGER B I PRl - D BREN JFEE 2D
WTHLSBRA SN TV L2ORRTH D, £z, RIS [33, 34, 35]%° B. W.
Maxfield(s6. 37, FrosB8|Z J o THEME FHEOMIENMTHOI TN D, £D%, ERNIZEWN
TS, E LA =B Z2POISHE COMEBINR I TS, £/, FREHIZE-T
BRSO REEAG A0 4U~ DS A3 722 S, BUEICE D £ TRFPEIZBWTHAFOT 1
L2 OHAEARATE 7 L1438, JEHIC DWW TR < BFgElessl, b I T, £72, EMAT
DRITHDRHEEICOVWTZEICHT 7 A N Ry T 77— REANCSEET L F
EPREIN TN, X HICAEO FETH HEEE S FHINC DN T H W D OHF
FEMIR STV B660l, 7ods, T b DOBIZEICIS W THUE IZAE L D AT IR 2487 L7z K
D EER R T O TV, FEEIREEICOWTOMEIIN 2D 7 r—7
6163 AT O TV D,

EMAT D15 L ZED AT = A AZOWTHBAT D, T, HEICOWTHAT L,
WMER DG A I IIMIRIZAEL D NITe—L Y IO B THDLDS, A RBWNMEIRD A 1T e—
LY T m D LN D AT D,

F=F +F,+Fys (2.2.2-1)
FLide—1o7), Ry i3 BN AT DR b LREG L O EARIC LV R A 57 —n

B, Fos REESIC KO3 AT 2 HEH LTS,
B—L Y HF U TFORE DR LN,
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92 ERGEEEIC X DR SHIEEL
F.=J,xB (2.2.2-2)
oA
J,=—0—* (2.2.2-3)
ot
B=B, +B.,;, =B, +(VxA,) (2.2.2-4)

J ITIMENR, AR MR T vy VEERT, 2R L, BIES XY FHEICH D &

FB, 72, By ldKARAIC L AWAEIE, Be, HRERIC X 0 B E U B Rk

WL Z R RENENERIM O G, BEROREICTFHTLOEIOF OATH S,
iz, 7—urHFRBUTORLYRkDLND,

F, =(VH.)-M, (2.2.2-5)

H, I & 0 BT U B8RS, M, 1331 7 AR E— A > h &R T,
WIT, BAEIC LB F L FORL Y KD BN,

Fus =V'(O'Hc) (2.2.2-6)

O IIMEEEIT v YN ER LTINS, 0ld B, DEBEEZITTEY, F, LB, IcL v ZH
+ 564, EHERICIE Fig. 2.2.2-1 1R T X 910, FLIEBICHBAT DI LT, Fy i
b RE A L Da=—0 e AT ARGNFAET D, ZAUIREHREE & BREE OBtk
ZBITW D, Eiz, AT AMSEPIRAEMBHCRE TH 556, MENRICL D oRE
ZIEFI NS N E WS BFFER B D64, FTF o 1L H (2% L TR, REFAICHEET S,
Z 2T, ABFETHWS SH A EMAT 2354 S8 2 BEHICOWCilimd 5. A%
THWD EMAT % Fig. 2.2.2-2 (2”7, 2 00kAE 1 DOaA VixfEo, £7, a—1L
VY INTOWTHRETT 5, Fig. 2.2.2-312J,, ByZzxrd, F X7V 7 0kEFoikH]
LD, BEHMICRAET D, RIS, 7—ar o0 TRaT 5, H, & M, % Fig. 2.2.2-4
IR, He EMIEaA VE FTIRERZ L TWS70, Fy i3 0 Th o, mikICHE
ZOWTHETT 5, Fye & H, % Fig. 2.2.2°5 IZRF, 2A VE FIZBWO TR, XRS5
M U CEEE 1A & KSR AT D, ZIUIFEREORK S ET L2 L%
BT 2,
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2.2 HERGRALT

U Lo, SH EH EMAT ASiEMERIC G- 2 2 BE L, v— LY 1o )3
WLy, 7—ur IEERAET, BT, B R R SE BN T A
G MZTWDHDT/INEL 72D 2 &0 D, B BN D LEZE X b5, LTeh - T,
IEWNER T o > THIRBEIER TH > ThH, MAXRORAEIZIIHE (SH ) O & 1T iE
INDHZ EITRD,

WIZZAZITHOWTERIT 2, MBI S22 U728 S5 O SR SRR 2R i (T L2 B 575
L&, RN LD RIEIRD ST L IR AR\ L DR Lo TR E S o(6u/ ot)x B,, 234
U5, ZOFHEEENCE > TET HRIERBIGORELZERFET L L Tas LTl
%o BHEEEINIZE A NVITBIT AR MR T Uy VLR TE, HERD
BPET )V ERBRICULTFORNTREND,

aA(ZIOH
(o)

_ 0 ou

_VLQEVA?QZO-Bfli_ Ty (2.2.2-7)
Y7, ot ot

AP a3 A BT BREEA Y FRT Yk, U U IR SR OB 2 R T

SAND | FHON—TEEBHR O ITRORXTREN S,

®, = _[B-ds= j(VxA)~ds: IA-ds (2.2.2-8)

coil; coil; coil;

Lo THEEBENINFEDON—TRH55E, EHFHEOIELREEE VIZLLF O TH
Sho,

V=Yt (2.2.2-9)

EMAT 73 < 2 BAFFES TR Y, IHEIRGA /R E WO RIERH DT b 6T,
FFEBRCIXIZIE PZT AMEDLI TV 501, FEEEfilE 55 T — I mm BE L)
RARERED DSR2 &, BRHEEMRNZ &b+ oO G 2mfEa /s <35
ZENRET, ®mYU T A7 TOME, MihodH D BERG~OBEANIITL T L b D
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2T EREERICKDESHIEE

LTWRWNRLThD,

LU, EMAT |3 ST 7B Cdo Dl & A L TRERL S L, BAITIED Z &
TX 5, FTEEN TR, BxOHWEAIZ 1M 2 THEETHD, 21T
FHREOGE, MEERIT1ERNTHD, FEEELINKL TS, BETLILTIVZM
2B EBNHIRFTE D, F, WAL oA WTEY M2 RIRT 5 Z & T, EIRTO
EANED D, BB T TOMBHbRERZEIRNLEEZEZIDbND, > T, EMAT 7
PZT & [FIAREE O S EMREZFr > TWiUE, PZT TIXREE 7, PRl % F R E LT
BAE=4Y U TIZHWD Z ENARETHDL LB LD,

LEDZ D, PZT L7 5 & EMAT OFRE L TLLFRZET b,

MG A CHRZ I TH D Z &

ERCHG R T COFHREETH D Z &

HHEfit T D Z & B TRl B & OBRAIEE P E OB A 2T RN b

A VBRI LOREN BRNAS ICRETE, 74K, HREORENES THD

e

SHE#RESEHEDTEHME—DHETHLZ L
L7eoT, PZT ZMiseT 5 K5 iV aESTh o L EZ D,
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2.2 HEEWIRfRT

Lorenz force

\/ e lagneto-striction
\

Lorenz force or Magneto-striction

Bias magnetic flux density

Fig. 2.2.2-1: EMAT ‘s Frequency characteristic of Lorenz force and magneto-striction

force

Magnet
]

s |Y N

N S

=l .
Coll

Fig. 2.2.2-2: The SH wave EMAT’s consist. The sensor consists of two permanent

magnets and single coil.

21



2% CERMEEEIC L DR SREE
s N
Bo
N S
==
Fu )

Fig. 2.2.2-3: Lorenz force of EMAT

S N
Mo
N S
==1
Hecait F=0

Fig. 2.2.2-4: Coulomb force of EMAT

S N
HO H
N
HCoiI HColl
FMS
H YWH.

Fig. 2.2.2-5: Magneto-striction force of EMAT
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2.3 HEEEEZMNWEESHESE

23. BEREZRAV-EIAEE

BEMZ AWE SJIEEICIE, &k, S Axza—ik, WRERZET LS, Fil
UL, BRETRAL T &2 ETRA T OB 2 B, BRI & D S EEBRIA DR X &
WETHFIETHD, L, BETITENEICHEMFZ2RET L2 LT TERN, 22
TRV AT a—{EE JRIEIZOW TR 5, AKHTRIHEIERNE, 37X TEMAT I2 Xk %,

23.1. /N)LRIa—k

T OH I ORI D RAENROELEZRET 2 FIER VAT a—ETh 5.

Fig. 2.3.1-1 {TR T &K 5 g3 — 2 MEZ BRI %, 815 S 7o a3 AR

O L, FEICEBEFHNIE > TE 2L X2 Fig. 2.3.1-2 DL 5 R —7 (= a—)R3Hh
Do TDOT A~ At DORMNRDIESR T, RAPOHFDLIENTE D,

T=—0 (2.3.1-1)

Fig. 2.3.1-2 |% SS400 #f O OREFRE R TH D, Z O OFHIL 3.24km/s TH D D
T, R23.1-D7 b, EXE20.0mm THDHZ ENmnd, FEPHIITRENOT, gk
DESWEIZ—BETHET T 5, — 5T, MEMBIOELZNES 25 Lxa—HE/hs<
720, Fig,2.8.1-3 DL IZHDEATTZa—PNEHR>TLEI 2, WIETE HEHIZR
RWAET 5,
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2.3.1-1: Exciting waveform of transmitted burst wave (2MHz).
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Fig. 2.3.1-2: 20mmT receive waveform of SS400
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0.15

0.1

0.05

Sensor output (V)
o

0 20 40 60 80 100
Time (ps)

Fig. 2.3.1-3: 5SmmT receive waveform of SS400
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2T EREERICKDESHIEE

2.3.2. #HiRE

HHREL, RBRAERmICEALTCBERD, EIICH L Ta=—s 2R Th 7oL
EWEPIGIT NS < D85 THR), Z2FA LEREETH 5, EMAT % A7z d6ikis
(ZOWTIE, 1990 05 R 612 Xk - TEBGE & I 10515 (Electro-Magnetic Acoustic
Resonance, EMAR) & L CHEMN 72 éﬂfwé[%’%lo A VD 2 & TRHHEE &2 SRl
TEREE 2 RENIZ A &7, R DIZZINICEY, @BORMBKRES

FVV AT m—ik E[ARRIC, SS400 M oMb &, RIEA MW THIET 5, EMAT (ZHUN
T o= MEDEWE A, & 25RO EEHE P TR 5, 2 2Tl 1000kHz 725
2000kHz % 1kHz fb@ CHigl L7z, BARAYIZIE, 1001kHz, 1002kHz, ---, 1999kHz, 2000kHz
& 1001 [E Dbk & ki A 4 0 34, Fig. 2.3.2-1 1%, 1000kHz, 100 J% O D FEhRELE I T &
%o IV DEIGC & o THE BN TZHRHE B DA% Fig. 2.3.2-2 (279, 215 1E, 1280kHz
& 1294kHz ORHE S TH D, 728, BIBUCAVZS—2 M Ops TEIELTWD, &
WEIZ L > THRIE SN RESER D Z LR CTE 5, 1280kHz TIHHRIEA 0.1mV ELF
T DHDIZxE LT, 1294kHz TiX 30ps £ TIHRIEN L > VA —/N"—F 51T ERE Lo T
W5, ZHUTEBRARPNES T 1294kHz DB E AR L TWHZ L 2zRKLTWD

LHRIRARIT, FRILIRIRAE & BT 2 L IR IC = X L F— DN REVIREETH Y, MES

Vi BIRAEZ WD Z L THIRZ R VX —R ZHET HZ ENAEETH D,

R=>(v,) (2.3.2-1)

Fig. 2.3.2-3 |3l L THRLNTT X TOREES 2 (23.2-1) 2 HWTE & D7RER
T D, TXNF—OmEmWERE, SF Y LREREIT 1294,1618,1942kHz Th > 72, Af
1% 324kHz TH 5 Z & h, 1294kHz 13 4 IROLRERE TH D Z & 13 b, HRE
Wtk £ &R n, BB EIOEE e OIES TIFRATRD L Z LN TE S,

T=n— (2.3.2-2)

2T, HREBEEE 1294,1618,1942kHz £ 72V Af 1% 324kHz Th o7z, v=3.24km/s T
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2.3 HEEEEZMNWEESHESE

b0 bHRR32-2) LY, EIIFIHABADIE ST 5.00mm & 725, ZHCky, T
a—{E TN 5mm UTORESHENFRETH L Z L2l L, Lo, JaliRis
DIESIPFENTTD Af, FHRT RNV F—=NRE LR L5720, HWIRIEL, BROESRENE
5HTHD,

FANZHEBRIE DR KL Z DJE S 353 T RE & R AR EIHEE TE, T D)
BT T UL LW, £ 9 TIERWGEIT AP BETH 5720 & DR R O A B
TG ZAT O BN DD, AfS, TIFRATRD D ZENTE 5,

\"

= 2.3.2-4
2Af ( )

AMZETIE, WES AT DA ERTZE L7720, Af 2 HWTeRX(23.2-4)2ZHnH 2 &
L2,

EMAT I3, RIS X - GRBREREICESB TR 2 B E S 5720, BER OB
I3 EMAT OBERE 72 B A REVEITAKAE L72RV, ZOT7-OEER T RIOGRAT- & ik L TIA
WERE B T OB AN HETH D, M L2 EMAT 133535 K% 500kHz 7> 3000kHz D&
BHA T 52 LR TE D,

Exciting time
500

400
300
200
100
0
-100
-200
-300
-400

'500 T T T T T

-100 0 100 200 300 400 500
Time (ps)

Amplitude (V)

Fig. 2.3.2-1: Exciting waveform of transmitted burst wave
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2.4 WS

2.4. #E

ARETIE, BEEEM L L TRIEbIL TS PZT &, KRinX TIEMAT 2% EMAT O
RSz Wik 72, s, EMAT 1%, PZT BIOBEML1-121X 722\ WL F DR % R > T
LT LALLM LT,

HEE S A CHERI 22 TH 2 2 &

EHRC R T CORIANTRETH D Z &

LT D Z &0 bEE 7 B & ORI E S E OB E2 22T v &

AA VBRI LOREN BRNAES ICRETE, 7L, MEROBENES TH D

ek

SHE#RESEHZEDTEHME—DHETHLZ L
F72, AW THWE SH A EMAT OSSR OWTH LM L,

W2, BEEEZHWCEIFHMOFETH D, VAT a—iEE IRIEIZOWTHRA L

77 FRICIRIBICOW IRV ER IR 2 F o Z L n, IRETHHRTE=X) 7 F
HEIZBWT, EMAT OEALHEDH &0~ 72,
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3.1 #=S

FI3E NIRIa—FZFZAW=EROFEME

31. #E

— RIS TWLIEBRF X A T ORBEREA 23T, & OB ICEE K
ZEMT 5 L EITE, BRI XD ATE oMY, FEohRIZOWTHE LR ThER b2
WV, BERLINDHICE o TEEERMSHEELL, i F X TR T 2BERDO =R /LF—
WA 2006 Th D, EMAT OGEIXEBR T2 A 7 OHRf+ & ik L TR o=
FOV X — SR OREAME 28, FARE I ITAEMAY I DIV T Z Ao T S B 5,
£oT, ZTNOENEXDFBIOWTERMICHMT 5 Z LT, EOBWABREIZITAMNT
bD, —HT, WRITEHERIVIRZRD, 2l L COERNRFMZ1T 5 DITBIRD S
FA=ENREL, HEETH D,

RETIL, 7OV AT a—iE%2 V- EMAT 2 X 5 AFHE %, BLTF O FIE TR Z21T 5,
BRTZIR & & DR 2 R ICE T 5 L RBEPEMEZ 25 DT, 3 ERISHE I8N 2N
TLUTHANEIT O, RIC, FEEOBWIT 3 RITOBEHERBRZFD, BNOE—FIZL-
TEBITBRIT N DD T, LT 52T 2 RotRICK Y, bV ic—o20
BRI TSGR DRk 2 R B CE D L O T OBRE M LT 5, KIS,
ER, HRROEEZHZ LT, BHROE—RTHD LDI & FAC 2H#ET 5, 73TH
AR & FBRIC TR 2 2 LIZREER 0T, v Iab—var ZHVWTHZEETTI.
TRk o TREHOMAE LREIHED AL, WABKFEORELZITH, RITEITBD
THRROEREITY, FMBIROEEL R S,

INB &l LT, AR EMAT ORHPERBIZ 52 2 58 DWW CERAY 7R 5 F A 43X
I D
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¥ 3E sV AT a—iEE AV EIEAE ORHE

3.2, FARBEELRPRERIKIC L 5 FIHRER

3.2.1. HERIK

AREITIE, #MORAZ Fig. 3.2.1-1 (TR 9 -F8 P RBRIA TR 2, JEE 16mm D
EIROEFI A Z T A YIREIC IV INT LT\ 5, BEEICHEYS T 5 FHORK a &
10, 20, 30mm, JHAESIZHYE T 5 b % 3, 5, 10mm & LT, 9 KDOREBRIKZER LT,

—fi%iZ LDI 1%, FAC L H# L CRRBAmAR D, FHRMUOBR AR >, £ Z TRAE
b 2AWANEa LY R&WEE, ZOREAIZLDI 5V E Lz, WICHANE a 25AG

SbEVRENVEE, FACET VL Uiz, FHEICA L HAIEZ DERIZ LD k% 2202IR
(27250, T 2 CIRERIC 2 S E TR I ORI A EEHE T 5 Z LT, EMIC
A U Dkk % RN Ot 2T

PRI OM BT IR B CTlL7e <, SUS304 # % HV 7=, SUS304 1%, it A ikREm E
DI=DITRFZIN O DB EHZAZHNDND Z LHEZ N, FAC OFELIZS WHETH S,
— 75 CREBBRLN R & W2 OB E I DI AN R R & H L TR&E VW, T DX 9 ITIREM &
(TR DR A RO, AFCTHRFTT 2MARAROREL, REME TV T SUS304
THRONTMAN A TELLEZEZTVD

Bl a - - - - - > W g\ VR T 3D

Fig. 3.2.1-1: Photograph of specimens with a mock-up corrosion. ‘a’is width of corrosion.

‘b’ is depth of corrosion.
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3.2 TARMUERARBRIAIC L 5 P55

3.22. AEAZE

ARBRIANEOBE I OIR 5 B2 Big§ 572010, AIREREZ AW CERE & IREHo
FRRIT 21T 9 > R 2 L—F ZFHT 5, ZOv I a2 bL—XXERERE, S8EE A
TET ML, EEORATIRICS T 2MITEIE 2G5 2 ENRETH D, aflliLerm
ICFED, E72, RBRIKDNRT A—Z 595 1-0I2b MWD, BUEMHT IO IZAE O E 5
% Table 3.2.2-1 IZ7R T,

HEZ Wiz EMAT % Fig. 3.2.2-1 1R, KERREE DK 0.5T D 2 DDOFRAY I
Wit L 80BED T v 7RO aA VTR I TWD, BEEREH EMAT Th 5, HIEY
AT LE Fig. 3.2.2-2 137, /A—A MEBJIZ RITEC, Inc.® RPR-4000 # AV, %15
FEEOTF v ZWEEEE, 74 VZ Y NINEO TV T o7, T4 v ZE2 TN 5,
YU DAL UTHINT D 8= MEIZIE 2MHz, 2 A#, £ 800Vpp & M\ 5, A &
T U OMRAIEIC L DRGSR L B a2 R T 5729, Fig. 3.2.2-3 1737 X 912 Imm
vy F TR EBNOMEILEEZZ(LSE, WELIToTo, B TOBENTITEY KL
NERDIEE 0.06mm ML FOHEAT — V&2 HWD Z & THEWEZHE LT,

Table 3.2.2-1: Sample material parameters for simulation.

Hy 1

’ 1.39x10°[1/am]
p 7.39x103[kg/m>]
2 1210x10°[Pa]
G 81.0x10°[Pa]
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22mm
@
- M
Magnet
25mm N S
- \—
2m
10mm
(a) Upper side view-magnet (b) Downside view-coil

Fig. 3.2.2-1: Schematics of the sensor structure of the EMAT. The sensor consists of two
magnets and a coil. A width of the magnets is 10 mm. The using coil is 10 mm width

with 80 turns.

Oscilloscope Burst power supply
O O O O
OO00 000
o o o o
Ol190]|10]|1O Q

U000

PC Auto stage EMAT

S —>
/ \ O Y N

Fig. 3.2.2-2: Experimental setup for measuring thickness of a plate specimen with wall
thinning. It is composed of an EMAT, a pulsar receiver (RPR-4000 RITEC Inc.), an

oscilloscope, an auto stage and a computer.
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-50mm Omm 50mm

Spesimen

15mm

Fig. 3.2.2-3: Sketch of experiment. ‘a’ is width of wall thinning. b’ is depth of wall

thinning. ‘¢’ is sensor position.
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3.23. AIEHR

FPAMREIEIC L 2 B EIREOMSMNTIZ X 2t 72— F 2 W T, BIROAH
{baR AT, ETIEERMSER & T2 Z & T, FEMT = — ROBFEMEIC OV TR
1To7, Fig. 3.2.3-1 IZHE 15mm O EERAE S & BTG R 4 7~ 7, Fig. 3.2.3-2 (a), (b)
Dra—fENREL —HLTWVWDZ LR TE 5, Fig 3.2.3-2 (a) == —EIX
9.28us Th 5, RRAEDIES d15.0mm)% KM L7=KiH] ¢ TH LD T, MEHHOEHRE clx
LT TROHEN D,

C_d><2_15><1073><2
t 9.28x10°

=3.23x10°[m/s] (3.2.3-1)

FAEfEAT O =2 —[MMEIZ10.1 s TH Y, FFRICEHEZFHET 5 £ 2.94X103m/s L 725,
EERNORO-FEE L —HLTW5A, £72, Table 3-1 IZBIFT-EHENLEXH I
HEWcIX, ROBY THD,

9
c= (G = [BLOA0 550, 10%mys] (3.2.3-2)
5 V7.93x10

it 21— F2Y, BVARNEOBERZ T+ o TE T\WDs 2 L e Lz, vk, Fig.
3.2.3-1(a) D 0~15us [{FIF £ TOVF L — g 03, BIRHKOMEE TH Y, —a—%2 8
TEDEIICRDITIHIBEZKT LTHEH 15us 0D Z L2 EHK LTS, il
Mox=—BL A% 15us &V B2 556, BN RATRRIZRS ZE2E®RL TS, 46
IX2%B L 3FHDO==2—B2, B3 ZH\T=a—HEEaM L7,
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Sensor output (V)
o

40 50

Time (us)

(a) Measurement result.

Sensor output (V)
o

0 10 20 30 40 50
Time (us)

(b) Simulation result.
Fig. 3.2.3-1: Comparative results between measurement and simulation experiments.

The wall thickness is 15mm. Time of flight (TOF) of (a) is 9.28ps. TOF of (b) is 10.1ps.
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KTV R 2 b—Z E O THEREZ AUl LR R 273, Fig. 3.2.3-2 1%, BEFEOM
TDENED FH 7 AL L TV D, B I3l Omm OLEICZ DR RBFLET D, &
YO aAJUEIE 20mm T, L7228 TRl-10mm~10mm (22 A LDMFE L TV D,
AR 30mm, S 3mm Th 5,

Fig. 3.2.3-2()%, B VR WAN LEENTALE IS D & X OEED O K LT BEEO
BhiaRLTND, BERIIHEFMIC—EDE—LIEEMAT O 24 /LE 20mm & [[%)
ZFED, Bl T LB E A AFHEICRIRFZR > TETWD DAHEGE TE 5, — 5T,
Fig. 3.2.3-2(b,c) T, i CTHRH LIcBERE PG ML L TV D OB MR TE 2, £
7o, B L7eBEE OB EAR AL TH Y, BEIEIE, & HIBADEATZALE D
HIPE £ T, KRR Z2E 2 £ > TASHEICR > T 5 2 E BB TE 5, ZHUTEZIEHK
TEOT a—RENEA L, S OIKHEITICRE S 2L 28K T 5, Z0oMRIE, B
FOALMEPRREVNEIEZDZENRRESRD L ZREL TS, E72E, BANR
R A2 R OIE E = a—RIFIIEA T 5, LHER D,

BE I AVRERIA R IR > TL 2EIBITHATR OB Z 2T, 7 EMAT O X 912
BE IO E— ARPREWGE, JESHEIEDORIE, FHOBMRKIEKAT 2 2 L 230
[Zlpole, RSHEDFGIE, AR L RIERD SN LLOEELZXZIT 5, SN HiZHW»
TIEARY I 2b—va VY TEBETERNVOT, ERNOFET2LERD D,

38



3.2 TARMUERARBRIAIC L 5 P55

u) 1

0002 0.5
0004 o

0006
= 0005 05
001 -1

0012

1 1 1 o014

005 004 003 002 001 0 001 002 006 004 -005

Sensor position 34mm
(a) Wave propagation with respect to the excitation outside corrosion. Sensor

position is 34mm.
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(b) Wave propagation with respect to the corrosion area. Sensor position is 5mm.

0 1
0002 0.5
0004 it
0006
0003 05
001 -1
0012

1 1 1 o014

005 004 003 002 001 0 001 002 006 004 005

Sensor position Omm
(c) Wave propagation with respect to the corrosion area. Sensor position is Omm.
Fig. 3.2.3-2: Simulation results of wave propagation behavior. If the excitation of the
ultrasound source is applied to the outer surface of no wall thinning area (a), the
raypath of upgoing and downgoing waves can take the depth direction of plate.
However, in the case where the excitation is applied to the outer surface of the corrosion

area (b, ¢), the raypath becomes scattered to the horizontal direction.
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(a) With respect to the excitation outside corrosion. Sensor position is 20mm.
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(b) With respect to the corrosion area. Sensor position is 15mm.
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(c) With respect to the corrosion area. Sensor position is Omm.
Fig. 3.2.3-3: Reciving waveform for a sample specimen with wall thinning at sensor
position Omm to 20mm. The Width of wall thinning is 10mm. The depth of wall

thinning is 3mm. The Depth of wall thinning is 3mm. TOF of (a) is 9.28us. TOF of (c) is
7.63us.
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(b) Width of wall thinning is 20mm.
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(c) Width of wall thinning is 30mm.

Fig. 3.2.3-4: B scope results for sample specimens with wall thinning. Depth of wall

thinning of sample specimens is 3mm. TOF of (a, b, c) is 9.28us at corrosion’s center.

43



B3 VAT a—{EE AW O

Sensor position (mm) Sensor position (mm)
-30 0 30 -30 0 30
") T La— i —1
e —— — — — —— —— e ———_—_— ————
2 = = : = =
=30 E = =30 E S
= E
= =
(a) Width of wall thinning is 10mm. (b) Width of wall thinning is 20mm.
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(c) Width of wall thinning is 30mm.
Fig. 3.2.3-5: B scope results for sample specimens with wall thinning. The depth of wall

thinning of sample specimens is 5mm. TOF of (c) is 7.63pus at corrosion’s center.
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(c) Width of wall thinning is 30mm.

Fig. 3.2.3-6: B scope results for sample specimens with wall thinning. Depth of wall

area.

thinning of sample specimens is 10mm. TOF of all results can’t be detected at corrosion
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Table 3.2.3-1: Measurement results for sample specimens with a mock-up corrosion.

Wall thinning Depth of wall thinning by
Time of flight (us)
Width (mm) Depth (mm) TOF (mm)
10 3
20 3
30 3
10 5 7.63 2.70
20 5
30 5
10 10 7.63 2.70
20 10 6.42 4.66
30 10
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(c) Width of wall thinning is 30mm.

Fig. 3.2.3-7: Amplitude of Sensor output at 20us. The Depth of wall thinning of sample

specimens is 3mm.
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(C) Width of wall thinning is 30mm
Fig. 3.2.3-8: Amplitude of Sensor output at 20us. The Depth of wall thinning of sample

specimens is 5mm.
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Fig. 3.2.3-9: Amplitude of Sensor output at 20us. The Depth of wall thinning of sample

specimens is 10mm.
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Table 3.2.3-2: Reduction rate and echo amplitude.

Wall thinning Reduction rate
Width (mm) | Depth (mm) Width + 4mm Width + 5mm Width + 6mm

10 3 0.547 0.782 0.873
20 3 0.639 0.743 0.839
30 3 0.545 0.701 0.847
10 5 0.622 0.785 0.867
20 5 0.605 0.773 0.817
30 5 0.566 0.743 0.864
10 10 0.638 0.797 0.854
20 10 0.587 0.776 0.847
30 10 0.570 0.728 0.849

Average 0.591 0.759 0.851
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Table 3.2.3-3: K and S/N

Wall thinning shape

Width Depth (mm)
(mm) 3 5 10
K 0.3 0.5 1.0
10
S/N
K 0.15 0.25 0.5
20
S/N 1.71 1.22
K 0.1 0.17 0.75
30
S/N 2.06 1.51
1
0.8 r <o
< 0.6 r
[1+]
E <
04 r
0.2 r
(o]
O | | |
0 10 20 30

Wall thinning width 'a’ (mm)

40

Fig. 3.2.3-10: Normalized Max value of K (Kmax) versus width of wall thinning (a). ( - )

Experimental samples. (—) least squares method.
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Fig. 3.2.3-11: Flowchart for wall thinning diagnosis.
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(a) Receiving waveform at sensor position is Omm.
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(b) Amplitude of sensor output at sensor position.
Fig. 3.2.3-12: Measurement results of (a=20, b=5):
Table 3.2.3-4: Diagnosis wall thinning.
Wall thinning | Diagnosis wall
Wall thinning shape Error (%)
(mm) thinning (mm)
Width 40.00 46.0 15
Depth 5.00 4.8 -4
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(¢) Full circumferential thinning

Fig. 3.3.1-1: Sample specimens for pipe wall thinning model.

315mm 15mm
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3.3.2. BIEAE

Fig. 3.3.2-1 IZFERIEE L ~T, EMAT, &, 4> nAa—7 BEA T —I THEA I
%, EMAT [ZIZEIFIC L - T, Fig. 3.2.2-3 1275 L7124 800Vpp, 2MHz, 2 &I/ —=
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PC O O (53 O
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O 0o o o

/ \ cooo QOO0

Burst power supply Diplexer || Amp. ||BP Hilter
input outpu input  outpu input outpu L
[ ] ® © i &1 © ~

= [O0®

Fig. 3.3.2-1: Experimental setup for measuring thickness of a pipe specimen with wall
thinning. It is composed of EMAT, a pulsar receiver, an oscilloscope, an auto stage and a
computer. The reflective waveforms are recorded by a computer coupled to an
oscilloscope. The sensor is scanned with 1mm pitch on the front surface as illustrated
by an auto stage. We investigate the features of the reflected waveform profiles from the

bottom surface by EMAT.
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Fig. 3.3.2-2: Photograph of EMAT. The structures of the EMAT and fig. 3.2.2-1 are the

same. The EMAT has a curved surface.
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Fig. 3.3.3-1: Reciving waveform of a sample specimen with wall thinning. The Width of
wall thinning is 80mm. The depth of wall thinning is 3mm.
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Fig. 3.3.3-2: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 80mm. The depth of wall thinning is 5mm.
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Fig. 3.3.3-3: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 30mm. The depth of wall thinning is 3mm.
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Fig. 3.3.3-4: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 30mm. The depth of wall thinning is 5mm.
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(b) With respect to the corrosion area. Sensor position is 10mm.

Sensor output (V)
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Time (ps)

(c) With respect to the corrosion area. Sensor position is Omm.

Fig. 3.3.3-5: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 20mm. The depth of wall thinning is 3mm.
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Time (ps)

(b) With respect to the corrosion area. Sensor position is 10mm.

Sensor output (V)

0 20 40 60 80 100
Time (ps)

(c) With respect to the corrosion area. Sensor position is Omm.

Fig. 3.3.3-6: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 20mm. The depth of wall thinning is 5mm.
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(a) With respect to the excitation outside corrosion.

Sensor output (V)

0 20 40 60 80 100
Time (ps)

(b) With respect to the corrosion area. Sensor position is 10mm.

Sensor output (V)

0 20 40 60 80 100
Time (ps)

(c) With respect to the corrosion area. Sensor position is Omm.

Fig. 3.3.3-7: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 10mm. The depth of wall thinning is 3mm.

68



3.3 BB P R (R~ D ]

0.

T

|||I|‘

‘ IIHH IIHH |

Sensor output (V)

20 40 60 80 100
Time (ps)

(a) With respect to the excitation outside corrosion.
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Time (ps)

(b) With respect to the corrosion area. Sensor position is 40mm.

Sensor output (V)

0 20 40 60 80 100
Time (ps)

(c) With respect to the corrosion area. Sensor position is Omm.

Fig. 3.3.3-8: Reciving waveform of a sample specimen with wall thinning. The Width of

wall thinning is 10mm. The depth of wall thinning is 5mm.
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(b) Depth is 5mm.

Fig. 3.2.3-9: B scope results of sample specimens with wall thinning. The width of wall

thinning is 80mm.
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Fig. 3.2.3-10: B scope results of sample specimens with wall thinning. The width of wall

thinning is 30mm.
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(a) Depth is 3Smm. (b) Depth is 5mm.

Fig. 3.2.3-11: B scope results of sample specimens with wall thinning. The width of wall

thinning is 20mm.
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(b) Depth is 5mm.

Fig. 3.2.3-12: B scope results of sample specimens with wall thinning. The width of wall

thinning is 10mm.
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Fig. 3.3.3-13 Wall thickness evaluation by TOF of received waveforms. The width of

wall thinning is 80mm.
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Fig. 3.3.3-13: Wall thickness evaluation by TOF of received waveforms. The width of

wall thinning is 30mm.
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Fig. 3.3.3-15: Wall thickness evaluation by TOF of received waveforms. The width of

wall thinning is 20mm.
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Fig. 3.3.3-16: Wall thickness evaluation by TOF of received waveforms. The width of

wall thinning is 10mm.
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Fig. 3.2.3-17: B scope results of sample specimens with wall thinning. The width of wall
thinning is 120degrees. The depth of wall thinning is 3mm.
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Fig. 3.2.3-18: B scope results of sample specimens with wall thinning. The width of wall
thinning is 120degrees. The depth of wall thinning is 5mm.
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Fig. 3.2.3-19: B scope results of sample specimens with wall thinning. The width of wall

thinning is 120degrees. The depth of wall thinning is 10mm.
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Fig. 3.2.3-20: B scope results of sample specimens with wall thinning. The width of wall

thinning is 120degrees. The depth of wall thinning is 15mm.
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Fig. 3.3.3-26: Diagnosis result of depth = 5 mm.
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Fig. 3.3.3-27: Diagnosis result of depth = 10 mm.
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Fig. 3.3.3-28: Diagnosis result of depth = 15 mm.
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Fig. 3.3.3-29: B scope of full circumferential thinning.
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Fig. 3.3.3-30: Diagnosis result of full circumferential thinning.
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Fig. 4.2-1: Frequency spectrum of resonance waveform with 3mm and 20mm
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Fig. 4.2-2: Performance of dynamic range of the EMAT

89



a4 HHREA VIO FAC AR

0.020 T
—4.9mm
——5.0mm
0.015
Af5.0mm
= 0.010
<
Af4.9mm
0.005 N
0.000 JJ‘ e
1500 1700 1900 2100 2300 2500
Freq. (kHz)

Fig. 4.2-3: Frequency spectrum of resonance waveform with 4.9mm and 5mm
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Fig. 4.2-4: Performance of resolution of the EMAT
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Fig. 4.2-5: Frequency spectrum of resonance waveform with 3mm thickness.

(4f=533kHz)

2.E-04

2.E-04

=
¥ 1.E-04

5.E-05

0.E+00 - Isos Mo A, \'WA.J At

1000 1200 1400 1600 1800 2000 2200
Freq. (kHz)

Fig. 4.2-6: Frequency spectrum of resonance waveform with 3.5mm thickness.

(f = 459kHz)
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Fig. 4.2-7: Frequency spectrum of resonance waveform with 4mm thickness.
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Fig. 4.2-8: Frequency spectrum of resonance waveform with 4.4mm thickness.

(4f = 364kHz)
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Fig. 4.2-9: Frequency spectrum of resonance waveform with 4.7mm thickness.
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Fig. 4.2-10: Frequency spectrum of resonance waveform with 4.9mm thickness.

(4f = 328kHz)
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Fig. 4.2-11: Frequency spectrum of resonance waveform with 5mm thickness.
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Fig. 4.2-12: Frequency spectrum of resonance waveform with 10mm thickness.
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Fig. 4.2-13: Frequency spectrum of resonance waveform with 15mm thickness.
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Fig. 4.2-14: Frequency spectrum of resonance waveform with 20mm thickness.

(4f= 80kHz)
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WOGE L AN THEHEROBEN LV R 20, fEIZE > TSN ERFEITKTT52 &
NEZLND, ZhERELRBEZ Fig. 4.3.1-2 |28, a5 FAC AR
BRAK & P55, 2B B8 L2 il 7 1) 1 FSINR D B RIIIE 2 = 120mm, FH KRR S b= 1.0mm
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RIS TONT Lz, EEOROEEMTE#MEZ 592 & T, AlOZZEHILTWD,
Fig. 4.3.1-2 ® X 912, EEDLESD S T00mm~820mm O & 7T (2 J PN T A i L 7= #54
WAGRER IR Z JE Tz 8 8 (a, b, ¢, d, e, f, g h), #HMIZ 21 & (10mm HBR),
7t 168 mOMlEZ UT & EMAR IEIZ L > TIT 9,
FREO L 9 72 FAC Dt 2 85t U7 sk 2 VT, EMAR % v/ EMAT 73,
UT & FIRREEICFHI CE 2008 9 & GET 5,
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SRR 2 VT A5 fEE FAC AR

1o | v ]
) b /N " {
s
I |
240
(b) 6B
1115'5 4, b unit: mm
3 I > S— —>
60.5
<40 5
D I
140
(c) 2B

Fig. 4.3.1-1: Test pipe with mock-up FAC.

unit:

165.2

mm
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Table 4.3.1-1: Parameters of sample specimens

Outer
Nominal | Length Wall thickness | Axial length Corrosion
diameter
diameter | (mm) (mm) ‘a’ (mm) depth ‘b’ (mm)
(mm)
6B 240 165.2 11.0 165 0.5
6B 240 165.2 11.0 165 1.0
2B 140 60.5 5.5 60 0.4
2B 140 60.5 5.5 60 0.5
2B 2000 60.5 5.5 60 0.5
2B 140 60.5 5.5 60 1.0
2B 2000 60.5 5.5 30 1.0
2B 2000 60.5 5.5 120 0.5
2000 ‘
650 ‘
650 700 850
60.5
a
Bottom © Measurement points

unit: mm

Fig. 4.3.1-2: Test pipe with mock-up spot corrosion.
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4.3.2. BIEAHZE

B O BRIC DUV T, (R B AR 2 O S TS AR VW Tl Y,
Fig. 4.3.2-1 IR T X 9 ICRE DK, BIISCILERDESZNET HZ & T, etz
R LTS, ZOHMFKICHEAET 2720120, —2Fhizv, W Tk K 32 f#
DY EEET D UEND D, AREETIRET 2 EMAT OFRIC X 2P 154 0
AT LDFRO—21F, HxTLH5ZLICEDMER FoRIZH Y, FEHICBNT
(IR ATORET OBLE DRI T, SETEEOTZ D D RG & MTe EA 20, 15k
FHAlAR O BID,

INDEBEL, FEHIREE AU L EREEOM KA Fig. 4.3.2-2 [I77, MUMES
EHMEST 27200 TV T T o YPHEICEE L, 2ULY—72 E O OO FHIER ]
=72 EOBENT-HTICE S 2 & 2B L 5, EMAT ORI AV 5 7 OL—
RITEC Inc.? RPR-4000 % 7=, Jilf4iZ i3k 800Vpp, %k MHz O ¥ % v 7=, A/D
ZEHZRT () = > 7 » 7 ® DIG-100M1002-PCI, % 72 1Z(#K)TFF © TDS2024B % V7=,
F 72 A/D B ORIBIIIMR) = X = 7 [mgERREN 7 v v 7 D7 4 )L 2 FV-628B £ 72131
YA NERDOT 4 V& ZFEAL, 05MHz-5MHz O/X2 k827 4L L LTRHWE,
EMAT (X3 EHTHWELD LRI L TH 5,

AREBILE T, B ICRET D5 EMAT OIS ESRNFAET 208, [FH5Matl B
HYNF T LI ERND L TREERERIMET 5 2 LR TE D, 64ch LLEThHo+5
WO UT A~AF 7L 7 RIS TEY, ZTOEBLZMEENLDOT NRETL T
EMAT (I C&E 2 Lo d, £33 80—V EHWL 2 LT, vV F 7 Lo %
FIH==ICEE T 5 2 LT FREE L B 572y, AMFRITEEREZ L T2 D TERW

DT, FEDORELITATOR,
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3d
1
> |
""" o TTTTTTTToTTTTTTTTTo T
o o o
_____ o ..o _______ o _____
a 2 3 4
Bottom O Measurement points
Fig. 4.3.2-1: Measurement points on JSME standard.
3d
Main system — 1d 1d 1d
| I
l !
i 1 2 3 4

_ ’?/ Dl ' d | Orifice
input outpu ,—\
Amplifier B. P. hilter

_ogn input ogﬂ input

L 4% 4
Burst power supply __ Pipeside circuits o
Pre amp. Diplexer 8x4a
I:l 081 input output mét
{ Capgn)
O0® { !

Fig. 4.3.2-2: Experimental setup
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4.3.3. BIEHER

AN, BEER)E FAC SBRIKDIFOED K E VY 6B ORTERE FAZ DV TIHRA~ D, JHAIE
FELREIZMTLTWL0T, REREIIFERTHL, 22 TIEEH e EORIERD
A Z1T O,

JRANE 60mm, JEAGE S 0.5mm OHIERE % Table 4.3.3-1, Fig. 4.3.3-1 ("3, A
(X5 A RITAFE LTV D, Wl R R 22 2, EMAT O Mlis OB 10.9mm & FHfh
SNTEY, AWES LIFITHFELV, ik bIEADEA TY D SETEES AL E 100mm
IETZOREEIX 104mm Th o, EHE DOZEIT 0.5mm THY, MMILFEE—HLiz,
F72, WA OBRAANLE IXHE T ANLE 40~160mm TH v, JHAOEITF AR XX 120mm &
P CE 5, —, MLET 160mm Th D, RBAES 2 0.6mm ThHDHZ Linb,
WRSRIX DT 0B b L 7e D, & HIZ EMAT O43fFRE% 0.1mm & L CRIEZITW 5 DT,
ZOREBRIZBAOE GRS ZFMETECVD ES 2D, F, AN ST R
(2 TR (BB I O B TDIF RIS 22 > TV K A, R FoL X — 1B O S 23
WEHZ 22 572 DRT 5, LL, KRR TII T X ToORIZB W TH472 SN T 4f
RIS Z L3 TE L, £z, UT ICB T AR S OFFfiE 0.5mm, JEAGEIX 120mm
Th -1z, 1t EMAT OFFffifE R L % LV, TN TORESIZIT 5 EMAT & UT O
A S R O FE D FAAEIE 0.2mm Th o7,

JEPIIE 60mm, JEPIE S 1.0mm ORERF: % Table 4.3.3-2, Fig. 4.3.3-2 (2779, EMAT
2 X D RRIBATE S OFHIE, 7 FALE 120mm (25155 1.0mm Th 5, AL 40~
160mm [Z/FE L TV A DT, JMNE SI1E 120mm TH 5, 2T E S IZIES L,
F7- UT I X AFHEFER & HFE LWV, TXTORIESIZI T H EMAT & UT O RO
FEOREKMEIL 0.1mm TH -7,

ZHZEY, FEOR 6B IRV TIE, EAE 0.5mm & WD WD FAC O JE S 34T A3 A
RECHDHZ &, 0.5mm DA OEERZ /7l T 5 2 &R TE 7,
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Table 4.3.3-1: Results of 6B pipe with 0.5 mm corrosion at ‘e’ line. (Unit: mm)

Axial
20 40 60 80 100 120 140 160
position

UuT 11.0 10.9 10.7 10.6 10.5 10.5 10.6 10.7

EMAT 10.9 10.8 10.5 10.6 10.4 10.4 10.5 10.7

Error 0.1 0.1 0.2 0.0 0.1 0.1 0.1 0.0
Axial
180 200 220
position
UuT 11.0 11.0 11.0

EMAT 10.9 10.9 10.9

Error 0.1 0.1 0.1

—
o

§

{;
|

,_.
o

Wall thickness (mm)
O

8
——UT
7 -
—&—EMAT
6 I
0 50 100 150 200 250

Axis position (mm)

Fig. 4.3.3-1: Estimating sizing results of 6B pipe with 0.5 mm corrosion at ‘¢’ line.
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Table 4.3.3-2: Results of 6B pipe with 1.0 mm corrosion at ‘e’ line. (Unit: mm)

Axial
20 40 60 80 100 120 140 160
position

UuT 10.9 11.1 10.6 10.2 10.1 10.0 10.1 10.4

EMAT 11.0 11.0 10.6 10.2 10.1 10.0 10.1 10.3

Error 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1

Axial
180 200 220
position

uT 10.6 10.9 10.9

EMAT 10.5 10.9 11.0

Error 0.1 0.0 0.1

—
o

§

;
(
%

Wall thickness (mm)
O

8
——UT
7 -
—&—EMAT
6 I
0 50 100 150 200 250

Axis position (mm)

Fig. 4.3.3-2: Estimating sizing results of 6B pipe with 1.0 mm corrosion at ‘¢’ line.
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4.3 B FAC SRR IR Z oA Y 7 ¢ A R o lE

WIZ, BHERE FAC BEBADIFOED /NS 2B ORIEFRERIZOW TR 5, 2B FE
2L, 6B T H L EBEROARNE DY 7 NATRKREL 2D, [FUHAR
WTH/NOREICRDIZEWAENRAILRD, b, KVAENKNE/RDLZ ENT
BInsd,

JRANE 60mm, JEAG S 0.4mm OHERF % Table 4.3.3-3, Fig. 4.3.3-3 1277, A
VX 5 [ RIS AEE L OV D, i EERRIC 72 5, EMAT OO fEIL 5.2mm & G4
STz, BDFRES 0.3mm DENH DD, KNEZBE T UL EMAT ORHiHE R I 5o
JES 25 TE TW D, i b IR EA TV 25385 AL E 60mm (i1 TZ DE S 1%
4.8mm Th 2, R EDET 0.4mm THY, MIFEE—FH Lz, £, BMEORHL
AL T )7 WAL E 40~90mm TH Y, PO MR S 1% 50mm &I TE 5, ML
E13160mm Th 528, EKRBAEI A 0.4mm ThH Y, BAmIIOTNREIE DD
T, 2D X9 i & 7o 7o, £, UT ISR T D IATR S ORI T 0.4mm, JEAEIE 30mm
ThHolz, ZiiL EMAT OFHEfER S IFFE LV, TR TORESICEITH EMAT &
UT Ol RO #EDHRAKMEIL 0.2mm Th o7z,

JEPIIE 60mm, JPAIE S 0.5mm ORERF % Table 4.3.3-4, Fig. 4.3.3-4 (2779, EMAT
2 K 2 KIBAVR & ORI, A E 60mm (23515 0.5mm Th o, WAL 50~
90mm ([ZFELTWADT, BWESIE 40mm THH, MEESIZONTIIM T HEE
FLW, £ UT ICLDBHERS LR ESOFEREREF LV, T XTORERIZET D
EMAT & UT OFHilifE RO Z O KEIX 0.2mm Th o7z,

JRAIME 60mm, JHAGE S 1.0mm OHIERF% Table 4.3.3-5, Fig. 4.3.3-5 [Z7~79°, EMAT
2 L BRI AR S OFEMIE, S5 AALE 70mm (2815 1.0mm THh D, WA 50~
90mm IZfFEL TWAH DT, HMHWE XX 40mm Thd, MAESIZOWN TN T HEE
LW, F2 UT ICLDWAERS L RS OISR L E LY, TRTORERICEIT S
EMAT & UT ORFllifs R DD KB 0.2mm Th -7z,
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Table 4.3.3-3: Results of 2B pipe with 0.4 mm corrosion at ‘e’ line. (Unit: mm).

Axial
10 20 30 40 50 60 70 80
position
UuT 5.1 5.1 5.1 5.1 5.1 4.8 4.7 4.7
EMAT 5.2 5.2 5.2 5.1 5.2 4.8 4.8 4.9
Error 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.2
Axial
90 100 110 120
position
UuT 4.9 5.1 5.1 5.1
EMAT 5.1 5.2 5.2 5.2
Error 0.2 0.1 0.1 0.1
6

|

.

[\

Wall thickness (mm)
[¥N]

——UT

—
I

—H=—EMAT
| |

20 40 60 80 100 120 140
Axis position (mm)

o

o

Fig. 4.3.3-3: Estimating sizing results of 2B pipe with 0.4 mm corrosion at ‘¢’ line.
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Table 4.3.3-4: Results of 2B pipe with 0.5mm corrosion at ‘€’ line. (Unit: mm).

Axial
10 20 30 40 50 60 70 80
position
UT 5.2 5.2 5.2 5.2 4.9 4.7 4.7 4.8
EMAT 5.3 5.2 5.3 5.3 4.9 4.8 4.8 4.9
Error 0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.1
Axial
90 100 110 120
position
UT 4.9 5.4 5.3 5.3
EMAT 5.0 5.5 5.5 5.4
Error 0.1 0.1 0.2 0.1
6 Im&é\
5 B=£
g,
23
.U
s,
=
= ——UT
1 [}
—H—EMAT
0 [ [
0 20 40 60 80 100 120 140

Axis position (mm)

Fig. 4.3.3-4: Estimating sizing results of 2B pipe with 0.5 mm corrosion at ‘¢’ line.
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Table 4.3.3-5: Results of 2B pipe with 1.0 mm corrosion at ‘e’ line. (Unit: mm).

Axial
10 20 30 40 50 60 70 80
position
UuT 5.2 5.2 5.2 5.0 4.5 4.3 4.1 4.2
EMAT 5.1 5.1 5.2 5.2 4.6 4.2 4.1 4.2
Error 0.1 0.1 0.0 0.2 0.1 0.1 0.0 0.0
Axial
90 100 110 120
position
UuT 4.6 5.1 5.3 5.3
EMAT 4.6 5.1 5.3 5.3
Error 0.0 0.0 0.0 0.0
6

LA

e

.

[\

Wall thickness (mm)
[¥N]

——UT

—
I

—H=—EMAT
| |

20 40 60 80 100 120 140
Axis position (mm)

o

o

Fig. 4.3.3-5: Estimating sizing results of 2B pipe with 1.0 mm corrosion at ‘¢’ line.
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I, 2B BLAE OFLEE4)E FAC iR (AT, JBPAIIE2Y 30mm & 120mm ORERR & 7~7,
RANTIEAIE 30mm, HAES 1.0mm ORIER R % Table 4.3.3-6, Fig. 4.3.3-6 1271”7,
AR 30mm (AR A3 5N 0> TREE I O A IS 63 2 A O A ER R E <, JER
WEEZ 72D Z ENTREEND, LL, TRTOMERT A 2155 Z LN TE 72, WRIE
il 5 1H) 700mm~720mm (ZfERE T & 5, F 72l 717 720mm (1T 235 S IR A EA TR Y,
EAHOE S 5.3mmUE 511 ¢, 87 1H] 650mm)IZkf LT, A OE & 4.2mmE J711 c,
il 51 720mm) TH Y, WAESIE Lilmm &72%, ZHUIMT-HESIZER—TH 5,
UT & b4 2 &, JPIEsh7 M 700mm~720mm |2l T, AN S 1L EMAT & (A
UAZEIZB W T 1.lmm Th o7z, UL EMAT ORIERFREF L TH S,

JANE 60mm, JHES 1.0mm OHER K4 Table 4.3.3-7, Fig. 4.3.3-7 (2”7, A
I, ®h5M 700mm~760mm |ZfERTE D, e TEROBAZ T L TWD A, Bl
HIEREATWD T2, #FMAENE T8 AT R OGITNT &> TREIDER 565

BHLH, #FM 720mm FHHER R BIMAEAEA TEY, BEESIE 1.lmm LR2> TS
ZEMHERRTE D,

JHPIIE 120mm, JBAHES 0.5mm OHER; LA Table 4.3.3- 8, Fig. 4.3.3-8 IZ/”" ¥, Z
ORBIEOBAEITDOTHTH Y, BASHTI O T L7z e Stk ik 5 i
Th2d 0.1mm 7720 FlE b, FENEALTODOTHEAEDO /A N SR IR L2
Gt olc, Lo T, ZORBAIIIN L ER Y ORNEHEIFHIZ 2> TO7ZRU ATEENE
N, FEFR T X AN IELE, #i716 720mm~T760mm & 72> TH Y, MTkEE
BN, ZHIEO LI REEANER TH L EEZX D, BNERIIZOWTE, @iim
780mm {1 e HIKAEA TR Y, AR S 13 0.4mm & 72> TWD Z EDFERTE D,
UT & EMAT OE S HIER RO H K E 72713 0.4mm Th -7z,

109



94w JHREAE T FAC AR

Table 4.3.3-6: Results of 2B pipe with mock-up FAC. (Section a to d)

a b ¢ d
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

650 5.1 5.1 5.3 5.3 5.4 5.3 5.4 5.3
660 5.1 5.0 5.3 5.1 5.4 5.3 5.4 5.3
670 5.1 5.0 5.4 5.3 5.4 5.3 5.4 5.3
680 5.1 5.1 5.4 5.2 5.4 5.3 5.4 5.3
690 5.1 5.1 5.4 5.4 5.4 5.3 5.4 5.3
700 4.6 4.4 4.7 4.6 4.9 5.3 5.0 5.3
710 4.4 4.4 4.5 4.3 4.4 4.2 4.3 4.3
720 4.3 4.2 4.4 4.3 4.3 4.2 4.4 4.2
730 4.8 5.0 5.1 5.4 4.7 4.6 5.1 5.3
740 5.1 4.9 5.5 5.4 5.4 5.3 5.3 5.3
750 5.2 5.0 5.5 5.4 5.4 5.3 5.3 5.3
760 5.2 5.2 5.5 5.4 5.4 5.3 5.2 5.2
770 5.2 5.3 5.5 5.4 5.3 5.3 5.2 5.2
780 5.2 5.3 5.5 5.4 5.4 5.3 5.2 5.2
790 5.2 5.3 5.5 5.4 5.4 5.3 5.3 5.2
800 5.1 5.2 5.5 5.4 5.4 5.3 5.3 5.3
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Table 4.3.3-6: Results of 2B pipe with mock-up FAC. (Section e to h)

e f g h
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

650 5.0 4.9 5.2 5.3 5.2 5.2 5.2 5.0
660 5.0 4.9 5.2 5.2 5.2 5.2 5.1 5.0
670 5.0 4.9 5.2 5.2 5.2 5.2 5.0 5.0
680 5.0 4.9 5.2 5.2 5.2 5.1 5.0 5.0
690 5.0 5.0 5.2 5.2 5.2 5.1 5.1 5.2
700 4.8 4.9 4.8 5.1 4.8 5.1 5.0 4.9
710 4.1 4.1 4.4 4.3 4.4 4.4 4.3 4.3
720 4.2 4.1 4.4 4.2 4.4 4.3 4.3 4.2
730 4.8 4.9 4.8 4.4 4.8 5.1 4.9 5.0
740 4.9 4.9 5.1 5.1 5.1 5.1 5.0 4.9
750 4.8 4.9 5.0 5.1 5.1 5.1 5.0 5.0
760 4.8 4.8 5.2 5.1 5.2 5.1 5.1 5.3
770 4.9 4.8 5.2 5.1 5.2 5.1 5.1 5.1
780 4.8 4.8 5.2 5.2 5.2 5.1 5.2 5.3
790 4.9 4.8 5.2 5.2 5.2 5.2 5.2 5.3
800 4.9 4.8 5.2 5.2 5.2 5.2 5.1 5.1
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B0 ]
4 55 unit: mm
650 700 750 800
a _| I
b
c
d —+
e
f
g
h L
(a) UT
650 700 750 800

(b) EMAT

Fig. 4.3.3-6: Estimating sizing results of 2B pipe with mock-up FAC.
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Table 4.3.3-7: Results of 2B pipe with mock-up FAC. (Section a to d)

a b ¢ D
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

650 5.3 5.4 5.1 5.2 5.0 5.1 5.0 5.0
660 5.3 5.4 5.1 5.2 5.1 5.1 5.0 5.0
670 5.3 5.3 5.2 5.1 5.0 5.0 5.0 5.0
680 5.3 5.3 5.2 5.1 5.1 5.0 5.1 5.0
690 5.3 5.1 5.1 5.2 5.0 5.1 5.0 5.0
700 5.1 5.4 5.0 5.2 5.0 5.0 5.1 5.0
710 4.7 4.5 4.8 4.6 4.8 4.6 4.7 4.6
720 4.5 4.5 4.7 4.5 4.7 4.6 4.6 4.6
730 4.6 4.5 4.5 4.5 4.6 4.5 4.5 4.5
740 4.5 4.5 4.6 4.5 4.6 4.5 4.5 4.5
750 4.5 4.7 4.6 4.6 4.6 4.6 4.6 4.6
760 4.7 4.8 4.8 4.5 4.9 4.7 4.8 4.7
770 5.3 5.3 5.2 5.2 5.1 5.1 5.2 5.1
780 5.3 5.4 5.2 5.2 5.1 5.1 5.2 5.0
790 5.3 5.4 5.2 5.1 5.2 5.0 5.1 5.0
800 5.3 5.4 5.2 5.1 5.1 5.1 5.0 5.1
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Table 4.3.3-7: Results of 2B pipe with mock-up FAC. (Section e to h)

e f g h
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

650 5.2 5.3 5.3 5.3 5.0 5.1 5 5.1
660 5.2 5.3 5.3 5.3 5.1 5.1 5 5.1
670 5.3 5.3 5.3 5.3 5 5.1 5.1 5.1
680 5.3 5.4 5.3 5.2 5.1 5.1 5.0 5.1
690 5.4 5.3 5.4 5.3 5.0 5.1 5.0 5.0
700 5.4 5.4 5.4 5.2 4.9 5.0 5.0 5.0
710 4.9 4.9 4.7 4.9 4.6 4.6 4.9 5.1
720 4.7 4.6 4.6 4.5 4.6 4.5 4.6 4.6
730 4.7 4.6 4.6 4.5 4.5 4.5 4.6 4.6
740 4.5 4.6 4.6 4.5 4.5 4.5 4.5 4.6
750 4.7 4.7 4.6 4.5 4.5 4.5 4.7 4.6
760 4.8 4.6 4.6 4.5 4.6 4.7 4.8 4.8
770 5.4 5.4 5.2 5.3 4.9 5.0 5.1 5.1
780 5.3 5.3 5.2 5.3 5.0 5.0 5.1 5.0
790 5.4 5.3 5.2 5.2 5.0 5.1 5.1 5.1
800 5.4 5.3 5.2 5.3 5.0 5 5.2 5.3
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B unit! mm
4 h.h
650 700 750 800

(2) UT

650 700 750 800

(b) EMAT

Fig. 4.3.3-7: Estimating sizing results of 2B pipe with mock-up FAC.
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Table 4.3.3-8: Results of 2B pipe with mock-up FAC. (Section a to d)

a b ¢ d
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

650 4.9 5.0 4.6 4.7 4.8 4.8 4.9 5.0
660 4.9 5.0 4.6 4.7 4.9 4.8 5.0 5.0
670 4.9 5.0 4.8 4.7 4.8 4.8 4.9 5.0
680 4.5 4.6 4.4 4.3 4.3 4.4 4.7 4.7
690 4.6 4.7 4.5 4.4 4.5 4.5 4.8 4.7
700 4.8 4.8 4.7 4.5 4.5 4.6 4.7 4.8
710 4.9 4.9 4.6 4.6 4.6 4.6 4.9 4.9
720 5.1 5.0 4.8 4.7 4.8 4.8 5.0 4.9
730 5.1 5.0 5.2 5.0 5.0 5.1 4.9 5.0
740 5.1 5.1 5.0 5.0 5.0 5.0 4.9 5.0
750 5.1 5.1 5.1 5.0 4.8 5.1 4.9 5.0
760 5.2 5.3 5.0 5.1 4.9 5.0 5.1 5.2
770 5.2 5.2 5.1 5.1 4.9 4.9 5.2 5.1
780 5.1 5.1 4.9 4.9 4.9 4.9 4.9 5.1
790 5.1 5.1 4.8 4.8 4.8 4.8 5.1 5.1
800 5.0 5.0 4.9 4.8 4.8 4.8 4.9 5.0
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Table 4.3.3-8: Results of 2B pipe with mock-up FAC. (Section e to h)

e f g h
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

650 5.0 5.0 5 4.9 4.9 5.0 5.0 5.0
660 4.9 4.9 4.9 4.8 5.0 4.9 5.0 4.9
670 4.9 4.9 4.9 4.8 5.0 5.0 5.0 4.9
680 4.6 4.5 4.6 4.5 4.6 4.6 4.7 4.7
690 4.5 4.6 4.5 4.5 4.6 4.6 4.8 4.7
700 4.8 4.7 4.6 4.5 4.8 4.7 4.8 4.9
710 4.9 4.9 4.6 4.7 4.8 4.8 4.9 5.0
720 5.0 4.9 4.7 4.8 5.0 4.9 4.9 4.9
730 5.1 5.1 5.0 4.9 5.2 5.2 5.3 5.3
740 5.1 5.0 5.0 4.9 5.1 5.2 5.3 5.3
750 5.1 5.0 5.0 4.9 5.2 5.2 5.4 5.3
760 5.1 5.1 4.9 4.9 5.1 5.1 5.2 5.2
770 5.1 5.2 5.0 4.9 5.1 5.1 5.2 5.2
780 5.2 5.1 5.0 5.0 5.1 5.2 5.1 5.1
790 5.1 5.0 4.9 4.9 5.1 5.1 5.1 5.0
800 4.9 5.0 4.9 4.9 5.1 5.0 5.0 4.9
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B unit: mm
4 h.h
650 700 750 800

(2) UT

650 700 750 800

(b) EMAT

Fig. 4.3.3-8: Estimating sizing results of 2B pipe with mock-up FAC.

118



4.3 B FAC SRR IR Z oA Y 7 ¢ A R o lE

WA, HEEEE 4y FAC 3RBR AR O E G % Table 4.3.3-9, Fig. 4.3.3-9 (ToR"d, #5147
& 650~700mm, 830~850mm DEAEERIZIVTIE, UT & EMAT OB KGR IZITIE
LTW2, IHBANEATHLRATREBIZEN TS, ZEF—HLTWD,

— T IERIZE > TIZUT & EMAT OZE2 0.5mmFEEIZ 2> TN D & 2ADH D,
FRIZIA OBROER Sy TENKE W, UT THYUGEMEZME Lo L&, BERHERICA TN
5T EERMERLTVD, ZATHAEICILIZ K> THER7ZMM2B B Y, BEMEIZ K -
TEDOENH TV DS EBbns, UT 20 CIlESR TR 2 B8 X7 b
T, bo L bEHAENREWEZZEHERE LTS, —F T, EMAT [334REZ AV
THH, B UT THWe VAT a—iE L i U CHERFF A RWZ L0 n, HlERS
ZNZ L bd 0, MES ETHRMTF 28 ST, BRAIORERREDZWRERLE LT D,
EMAT & UT & [FER, [A—HE R BIZBWT, bo & bRENRREVWIELHRT Z & T,
UT & ARORER 2G50 IR H 5,
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Table 4.3.3-9: Results of 2B pipe with spot corrosion. (Section a to d)

a b ¢ d
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

700 5.1 5.1 5.3 5.4 5.1 5.5 5.0 5.1
710 5.1 5.2 5.3 5.5 5.0 5.4 5.0 5.2
720 5.1 5.2 5.3 5.5 5.0 5.4 4.8 5.0
730 5.1 5.3 5.2 5.5 5.0 5.4 4.7 4.8
740 5.1 5.3 5.2 5.5 5.0 5.4 4.6 4.7
750 5.1 5.3 5.2 5.3 5.0 5.4 4.6 4.6
760 5.1 5.1 5.2 5.3 5.0 5.4 4.5 5.3
770 5.0 5.1 5.2 5.5 5.0 5.4 4.4 5.3
780 5.0 5.5 5.2 5.5 5.0 5.4 4.5 4.6
790 5.0 5.2 5.2 5.5 5.0 5.4 4.5 4.7
800 5.1 5.2 5.1 5.5 5.1 5.4 4.6 5.2
810 5.1 5.2 5.2 5.5 5.0 5.4 4.8 5.2
820 5.0 5.2 5.2 5.5 5.0 5.4 4.9 5.2
830 5.0 5.2 5.1 5.5 5.0 5.4 5.2 5.1
840 5.0 5.1 5.1 5.4 5.0 5.3 5.2 5.4
850 5.1 5.2 5.1 5.5 5.0 5.3 5.1 5.4
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Table 4.3.3-9: Results of 2B pipe with spot corrosion. (Section e to h)

e f g h
Axis
UT EMAT UuT EMAT uT EMAT UuT EMAT

700 5.0 5.3 5.1 5.1 5.3 5.3 5.0 5.2
710 4.8 4.8 4.9 5.1 5.3 5.4 5.0 5.2
720 4.6 4.7 4.7 4.8 5.3 5.3 5.0 5.2
730 4.5 4.6 4.6 4.7 5.3 5.3 5.1 5.2
740 4.4 4.6 4.5 4.6 5.3 5.3 5.1 5.2
750 4.3 4.4 4.4 4.5 5.2 5.2 5.1 5.2
760 4.2 4.4 4.4 4.6 5.1 5.2 5.2 5.2
770 4.2 4.4 4.4 4.4 5.1 5.2 5.1 5.2
780 4.2 4.4 4.5 4.4 5.1 5.2 5.0 5.2
790 4.3 4.4 4.6 4.5 5.2 5.2 5.2 5.2
800 4.3 4.6 4.6 4.6 5.2 5.3 5.1 5.2
810 4.5 4.6 4.6 4.6 5.3 5.4 5.1 5.2
820 4.6 4.8 4.7 4.8 5.3 5.4 5.1 5.2
830 5.2 5.4 5.1 5.5 5.3 5.5 5.0 5.2
840 5.2 5.4 5.1 5.2 5.3 5.5 5.0 5.2
850 5.2 5.4 5.0 5.2 5.3 5.5 5.0 5.2
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B unit: mm
4 h.h
700 750 800 850
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700 750 800 850

(b) EMAT

Fig. 4.3.3-9: Estimating sizing results of 2B pipe with spot corrosion.
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Axis position (mm)
Fig. 4.3.3-7: Profile of 2B pipe with spot corrosion at cir. “a”.
e —&— Without corrosion (EMAT)

6 el

unit: mm

Fig. 4.3.3-8: Profile of 2B pipe with spot corrosion at axis 750 mm.
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44. FACIZBITHBAERICOVTOESR

AEITIE, FAC FmZAE U AR #EE2, EMAT ORIEICS 2 5 HIZ OV THREHE
19, ZTHIZOWTIEHL T 2 SORBESIC OV THERZIT Y, 1 2B1E, BAmEOM™,
MEFITH 2 D2, 2 DHITRDBANEAL TWHEFTOE S O, Thb, Fig.
4.3.1-3 1% FAC O 7 uiyle ik 26 U=k (LT, Bl slnd) cb s, 2
X, BAEICA U SRR 2B LT 5, PRICR —bmy R L THRIE 7 < Bk
DEHFZIMLL TV D, HEIT SS400, @EFOE S 10mm T, AL FIL
(T 1,60mm, YIHIZRE 1.0mm THD, LD ->T, BATROR/NE S LR &
12 9.0mm Th 5, Bk T OFRE Fig. 18I T, Bielh iR ITERR o T
ZRH, EKOBEE R, MLEE LD RZEEOMLRO¥EEE r, LA S RO
BEOWEE ¢t & LTz, EBEOMAIE, r=10mm LY bHo/hsnEBbhs, HEEE
IZ43 ERICHDOEMND,

<

4 . €. N
LAR A% AR B

(b) Bottom view (t09R50r10) (c) Bottom view (t09R50r10)
Fig. 4.3.1-4: Mock-up of scallops.
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4.4 TFAC |\ZBIT D FEARIC OV TODELR

Bk B IA S O - HE A~ bV Fig. 4.3.3-8,9 12”7, t09R1rl ISHRE %
FEMT D Af BRI HERR T E D, ZAUTAEICMMA S 5 &, Fig. 4.3.3-10(@I273 7 &
NS, HEDKRZ WAL, BERIZARmIZR > TORT, MO MHBIE B Eo L 91,
AFEN 6 U TOETRES TOHRBERIIE > T 57w LB LD, —77, t09R50r10

T AFZTERTE 220, Fig. 4.3.3-10 (b) D X 9 IC&EITH - » THE BN A1E,
JES DR DHNET, BERAAFTEE TRSTETEY, HR/BELLWI LT
S5, iR OIIRIZ K> TRHIED AR50 5705, ULEICE Y, RIEFRERSEE OH
ERERIT, WA OR S EATZEITOMREZ M L WD aRtEREmnE 525, UT T
FEE72 2 BV 50, UT Ok HfEiE EMAT IZHASTH/hSWZ &b, o
B2 T, A OB/ NS T HITE, BERmELMER LoD, UT LR
e YIS W ERFE LV, —F T, EEOBA IV r=lmm OFRBREIZES N
TRARAERRE/ONITZZ b, IV 9 DAL S OHITHHT o 0EITH 5
23, il IR OBAEIZ BT, BLko EMAT kTR Z2JERENS 5D 2 &0
FFTE 5,
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9] 05 1 1.5 2
Freq. (MHz)

Fig. 4.3.3-9: Frequency spectrum of resonance waveform with small scale. Small scale’s

Afis 178kHz.
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Fig. 4.3.3-10: Frequency spectrum of resonance waveform with big scale.
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Reflecting

Af
None reflecti one reflecting

SN

(a) Small scallops

Afs
All reflecting

A&U Afy
/ 4
(b) Big scallops
Fig. 4.3.3-11: Reflection on scallops.
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45. $#%E

KRETIE, BAIRO~ 7 v 7228 2 RS RIKIC L > T, 27 w7l G i
il R OMNIZ X 2 82D & SPGB A IZ X - Tl TITVy, EMAT 28 FAC 12 X 250370
IR DEERZ DIVD T & & FER iR Lo /5 b e BRI 28 ) 2 FRticie 3
i/ L7z EMAT OJIEL > 28 20mm P EH Y, F2ESFEFE 0.1lmm LA FTh
LD LR LT, ZHUITERDIEER TR T 2 W FIE L FFEOMRETH D,
FAC O~ 7 a7 IR A i U 7o i 28 FAC 3BRIA &, Bl o> FAC Bl sl ik %
ERR UT-o BEEBRD/NESL B L, BEEOARFTOMEBENRELS DY 7 NF 70
K& 2D b, FIZBANED O I 922 T I BB 530 O SO D X RUS 72 B D
T, WENHEC /2D ZENRTHREINT, LL, RRBRIKETITT X CTORERIZIBNT
T3 72 SN T AfZHET S Z ENTE,0.1mm OENRE AT 5 Z &N TE T,
ZOWERBRITZUT EIFZER L TH o7, FAC O TH DR — 7 % FF O &
EMAT OFPEIZ RV, ARV 2B BEICBWT, 4372 SN T UT SEIEFBEOH]
ERRPGONTZ 0D, 2BREL ECRERRFERD GO D Z EDNHIFFTE 5,
FAC @ X 7 v Y72 0K 2 Bifie U7zl FrslBRIA 2 ER L7z, SR TR X 0, JE w7
DA D D, K0 EEROEE ISR AR T HIUE, T O RTREME IS
LEZBND,

LLEDZ &ph, EMAT 13 FAC O3 % 3 ATRE 72 /2 S HIE /5 fifRE & Ff - TR 1,
ZHUIUT LAIHETHD T & 2R LT,

—HT, 1mY4720 ORERRKD 40 SEETHY, WERNL L LERREHEAE <
2%, ZIVTIERRHA 02 O T, ESMESMREE & & S TSR TRIE 217 5 Fik
RO HND,
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FoE E# FAC~DEHRA

o

1. %

i

SEpE T BLER 72 JIERE &, X VMR IR~DOmEANRD S b, AiET
N7k

ST SRR, S M RRRRIE 5 T B8, FERICRIER S 7 5 725 2 Ok
278

METH D, £72 EMAT I3& > BN L K & i, EHER BRI E

o ESFHhOAAENBRE SN D,

Z ZTARETIE, RUICEENLRER CREE S 2 E iR HRIEZIRE L, KICH

BT M AR HIAZ, FAC 23 U7 32 © EMAT (2 K 5B 2 SHE 21T
v, EMAT oA Itk Z a4 5,
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5.2. EHERADO-HOEHEAIEDRE
52.1. HfF0A4 UvE—F R EFA L - RIREIREBCAIE A
HIRIEDE SPESFREN T+ D 2 & Al Lo, FEMEHIZ W CRIEIC

RBHDON, FRESNHEE S ZEBTLOICHERBENa X FAKENWI ETHD, 4t
RIEIZBNT, 1 23T DR SHEIC LB RFENIIZESR S0 5 HIE D FRE ITIKAF T 2, TIE
Sy FRREVL B R B AL OF 5 | IR ARLE 9~ D 720, Af £ 0 43 R & I 30m 4 2 < 8 sk
ZER TGS 20BN H Y, 1 2T ORIEIC TRFRE Qb B, HAESLEIZR D,
Fox ORIEZRTIT 1L AORITEITK 40 530302 T2, & T CAREITCITEIREE ORI E 23 7T BE 72 IA
R IR A IR R T 2,

EMAT % %ffilelfs ¢& 3 &, Fig.5.2.1-112725%, Fex O EMAT O A B —X v X%
BICERE LTIRRETHIET S &, R=120Q, L=136pH, C=0uF TH -7, 72, HIKT
[T R=97Q, L=129uH, C=0uF Th -7z, EMAT ZaA LEDEDTHD I b, A
E— R RATHENDA L E T R AGDRE N, A H T2 ARG RENT &)
5, BBSERKIBICERNEL D, 7OV AT a—iETlE, AlEEE —ELTHZENTE
L7=8, EIFMAlIE EMAT 2 A VDA o E—F v A AT 5 2 L TR D E A% /)
L, BMHESEZEKRET 52 LN TE D, HRETIE, REAKEERIIT 5720, 4
Y E—Z A Fig. 5.2.1-2 IR T X918, BBEREIC L > TEEL, BREOA
—HURALBETHIENTERY, ZOROMEERZ, BEY 2 b—2 2Ty
Ralb—var L%, Fig 5.2.1-3 1277, EEOREEROREIL, MHz 4 —4
—DEHEETHL L, ERHEYRE RN LD, HEEMRERY v —7 W%
BTk, — 5T, RREREIHET 2BE W ITBBEETIZ AT 2720, RhREETRK
TEDEINTHEE R DERIIEN D, BERNELEWD Z &I, FEDERE Thlég L T
b, EEINCEFRIIO IBREDOHBEHE LRSI LB LTS, ZhEMAL,
1 BOBEERTEDN S 8 D2 FEEOFIROLIROBRE LG D 2 LA TE UL, BRI O
FIMEZ ST T, ESHERMEZES T2 P TE D, TREEBT LI, b
W T D AWk 2 B ik L, BRHIETE D DA O B Ry 2 i 5 SR 6
N5,

EMAT DA > & =% 0 ATRE~DOFREIRREIC K- TET 5720, REIEIE O JE
T EMAT A B IR E L2 T UE b0, £2ER 7 1 —7 0 X 9 2RllER 2 0
g5, HRREZHET AL LTRQRIDEET N, ZoRFZERFICEEN
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5.2 FEHEIE O 72 8 O AERERTHE O R
5T X COJEEEA S OERET L F—BEZFHE L THD DT, MIEMEEH» IR O
Bk #5123 MY THh 5, £72 FFT T, EMAT T& 61 5 H4E(E 528 Fig. 2.3-1
WRLEZE D ICHE us ThH D Z 2006, 1IkHz DL FOJERBASRAEZ 1S5 Z L N TE 20,
% 2T, EMAT ZEEICRE L7RIET, B ZelliE g 2 48 & BT BREEIE O J8
Btk 2 WET 5 FiEoRE L, FgHREFg. 5214 2% AV TR S BIEED
JIlREJE e e oy A2 B 0 4 2 & kAT, I R DWW TR 5,

o, @

Fig. 5.2.1-1: Equivalent circuit of EMAT.
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Fig. 5.2.1-2: Frequency response of EMAT impedance
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Fig. 5.2.1-3: Simulation results of exciting voltage and current waveform

Refarence signal Multiplier - Low pass filter Acos6
sinwt O—¢ > >L N\ >0 X =—,

—A A
TSin(Zwt +6) + Ecos@ + sinwt - noise(t)

Detection signal

O—
v(t) = Asin(wt + {) + noise(t)

CoOSw Asinf
7 5 >\ >0 v =—
Phase shifter

A A
Ecos(Zwt +6) + 5 sinf + coswt - noise(t)

Fig. 5.2.1-4: Synchronous detection
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HERTZ vi)IFIRANTEZ BN LT D, ZDEE o ZENOEIICKH L Ta=—7
IR A AR L T D,

v(t)= Asin(at + 8) + Noise(t) (5.2.1-1)

CZITHERFSTE LTHESEREXA 6 THY, Znba2H0 B4, X(G.2.1-)IERE K
D5 LV sin(at) & cos(at) 2 T 5 L kKRB HR S,

X(t) = v(t)sin ot
=sin ot {Asin(awt + 0) + Noise(t)}

= 7A {cos(at + wt + @) - cos(wt — wt — 0)}+ sin wt - Noise(t)

= _—ZA cos(2at + 0) + g cos 0 + sin et - Noise(t) (5.2.1-2)

y(t) = v(t)cos wt
= cos wt{asin(wt + 6) + Noise(t) }

= %A {sin(at + ot + @) —sin(wt — wt — 0)} + cos wt - Noise(t)

= ?sin(Za)t +0)+ ?sin 0 + cos at - Noise(t) (5.2.1-3)

#(5.2.1-2), (5.2.1-3) D 1,3 HITHFH t DFEHTH 5, o X° Noise(t) DA E Ly L +57
WA EE D >y A TR E T 20— A7 g V2 EET LT, § L3 T 0T
S, HTE2HEITIERSFEVERTHY, n— R T7 4 VX EET & TRHELR,
FoTu—r27 4 & 2@ LT7=K(G.21-2),(521-3)% XY & +5 &, WATREATE S,

X = g cos @ (5.2.1-4)

133



%55 FE FAC ~0OuE

Y = gsin o (5.2.1-5)

Ai(5.2.1-4), (521515, LFOLIITA 0 ZRAXDBEVRDSH ZENTE D,

A=2JX? +Y? (5.2.1-6)
6 =tan™ Al (5.2.1-7)
X

P boXiiz, MREEZAVNDZET, A 0ERDDHZENTE D, HHEFRMEER Y
RIE AN FoIZRENEE, HRRETHL VWA DH, RERTITHIRL T HEEO
TRNF—ZF LTV DT, BIREERE fIoxd 25 AICERT %, AR L2k 91,
HZDRABITELE ps THET 5720, AITRRIC K > TRET 5, £ 2 THZEBIT 5(5.2.1-6),
K(5.2.1-7)%& X(HYH) & L, TOHPFE- L F—ROZKXCTIHMET D2 L 295D,

R(F)=2X(f) +Y(F) (5.2.1-8)

ZHUZXRY, FAFANEROFTIRY, AR L O, ZERFBICEENIEE
O HARSEWE LR 5r A B 9 2 & AT E D, B UC 0.1kHz HLAZ oD J& I H k43 2 B
T Z EMARETH D03, Z Z CTIIMMEEEIT 1kHz 2174 & Lz,

UIZAFEBRIZ AN E RS & ORLEE D JE B 2 FF o DD HB T %, HE B IL i

(BT 2720, bRV O ER B & IE S D 2 & TRIE R O a8 R 2 0

LT EMTED, ERA DTy ¥ o MEFIRER 7 e —7 2 HWiuT L v, Lo Lib
WL mER D DEmEETH Y, S OICZETLIEFIIMINERTHLZ G, T
bOFETHIRE S 2GRN OMERZREST 2 Z LITAS TRy, £2 T, AEN
B, o, BT 0 —T7 DX )T RINERELEL LRWHIET, WER DB
W aREST 2 HEERET D,

£, R f: BB ORBAE(H L <IFEE O EHWT, fk ORIBO+5
IRRIPHCIIE AT 5 T 1R SRR OO A I ) I & b ) e 4 £ 1IR] C RN 32 il %
23, f MELDTXTORER R LT R ZHW TR Z1T 5, SS400 #1,
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5.2 FEH&E ] D7 D O FELRFETAIE DR 5
5.00mm (23N THITE U7z, bR A f, fp A 4K fr =1294kHz TéH % Ryzea(f) & Fig.
5.2.1-3 |Z/R T, MR RNE CIERL Lic, Z ORPEEIRR D 1%, TR fr & —%
L7l mKEZIY, %Otk 26kHz ORIEEEME TR 1/10 12725 TW D 2 L3370
Do ZHUT f=frE25kHz D L &, ZEPRITIT R 10%EENTWD Z L EZEKT D,

LR AW T H D H DO JERE LAy & g U CORE IS T/ E Wy, Ko T f=firt
25kHz OEEERBICE R BRIFRE, 2FV 10%REGEN WD EEZ D, ZOFEEK
FEMEIX, £ EMAT DA BB W CRIBRREm A /R Lz, DF 0, fF558EN
1/10 1272 % Z L ITHIED 72 0T AU, Jibtd ) E o £ 25k Hz O #ifH o LR = % /1 ¥ —R(f) %,
1EIORETHELZENTEDL I EEZEWT D, fmolHlE%Z 50kHz & L CHIE L7z 4R A
A7 Rk Fig. 5.2.1-4 1233, b Fig. 232 ERIC AF #1550 2 L3 CT& 7, 16k
?® 1kHz [FF& T 1000 [FIORED, D 1/50 DEFLTITH TN TEZ &Il d, 2O
FiEE” H— AR X D ISR s (LU, H— ) &35,

KFEOR R (Fig. 5.2.1-0)1%, Fig. 2.3-2 D Z~<7 kL&, Fig. 5.2.1-3 D A7 hML %
Jilhsd JE B £ IR (4 e 50kH2)#E 0 IR L7= A7 v EENT A bE RIS, LR
-7C, Fig. 5.2.1-3 Z HWTHIIET 5 Z &L TL Y EfRIEI AT 5 Z N TE 50, K
Fi SCCUAMIE IS F A2 3 A 72

ZDEDIE, BT L T, EERIIZEWERERE ZRF>Tnd vy 2L
%, TRAX—FIRNENE B2 DHH, Fig. 2.3-2,5.2.1-4 IR T XL 912+%572 SN %
FioTW\A Z &b, EMBREEICEW T, Fig 5.2.1-3 [N T AR 558 L CRsl
MREZFEST 2 2 &C, ERFHCORENFTRETH H, £z, BIREEIRIE O EHITHE
FROEMLRFEEDEANTRE S, EMAT 228 2 TSR THSHA, [F L EMAT T
o THTr—TNENRERSTZ), REBKNRRR 7204252 L THERDA E—F
ANED D, DFVRBRIKIC EMAT 2% LR\ & A U E—X ARG 50, KRFE
DX Az, WIEEE L L TRERAIC EMAT % 3% 8 L7 REEC Fig. 5.2.1-3 [T 83
B2 E T& 27161, IR E 2 FRICE M 2 12 DICA R R FETH 5,

135



¥ FAC ~DiE

#
a1
i
A

1.2 T
——R(f) ——R(1294kHz)
1
0.8
£0.6 *
S,
e
0.4
0.2 M/./“/J \’\"\M
0 === _———
1200 1250 1300 1350 1400
Freq. (kHz)

Fig. 5.2.1-3: Receive waveform spectrum using single and wide frequency detection
method. R(f) is a receive waveform spectrum with single frequency detection method.
R(1294kHz) is a receive waveform spectrum with wide frequency detection method
using 1294kHz. An exciting waveform using 1294kHz has 10% signals with 1269kHz of
signals with 1294kHz.
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Fig. 5.2.1-4: Receive waveform spectrum using wide frequency detection method.
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5.2.2. IRHERIMEIC K B HiRiE
WIZ, T ORI E X BEBICFIA L, 7OV AZa—EO X512 1 BIORIE T Af ZRD
HZENTEDRERRET S, 9 1000kHz 55 2000kHz O 154 % Hial- A > 7L
AW e IZLL T O L 9 Ic&KE 5,

2000kHz

e()= D (Asin(2xft)) (5.2.2-1)

f=100kHZ

Fig. 5.2.2-1 1%, t % 0~20ps, e DHFEKRELZK 750V & Lo L E DB TH D, T Ofblk
B2 EMAT \ZEUIN %, RICE BN ER R LT, 1kHz Z &2 R A2 v
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"L ENTED, Lo TURHIMRIBIEZ WD Z LT, /fifhe & HIERM O MmN 2 X 5
LT E D, IRHEARHTAR, B OEBER S rIRe 2R Rl &, 8 W RE e
WAk 2 MHz & AV EMAT #0252 & Tl AlRE 72 ik Th 5,

— 5T, 1EORETEMAT I2525 2 LD TEDLZRAX—THRTHDHDT, ik
JEI B Z AT D12 E, 1EEEN 720 O3 X — 3835, 88RO 3
el 1000kHz) & B8 Waie (R 50kHz) ORI ERE B2 i+ 5 &, B — 27 OIREH
1/200 12725 TV 25 OB TE 5 (Fig. 5.2.2-3), BB WNE ORA &2 W& T 5545,
HEEOEE COPNEN/NSL DI ENTRIND, Lo T EITRERE DR
ICL o TN DRERH 5,

LUt ORE TITHE LRV IR Y 2 E A2 vy, SN H3 Al U TR 23 R 72
T CULH— B B2 %
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Fig. 5.2.2-2: Frequency spectrum of exciting and resonance waveform
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Fig. 5.2.2-3: Resonance spectrum by wide frequency method
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53. E# FAC ~D#EH
5.3.1. HERIK

EHERA 2 E LT 2 SORBRAZENR L7z, —o1F, EHREZEHEL, RENICR
R EWIRD 2R A S, BENEIC FAC 2384 S8 5 BRiEE 2 VW CEk L7-
RBRAETH D, IMITA4ETHN LD LFRILTH D, BRAZHEAEIE DOV IR
% Fig. 5.3.1-1 (o7, WARBROLME, RIE 165°C, ik 4m/s, IRIFMEFEHIE 1ppb
LITFCF#) 0.3ppb), H1EQ5°Co & & V) pH 6.2 O HARF TH Y, £ 1500 Kef] OikBR %
1o TWd, RRBRIEIE, BRBEAEICL v ifEshizboThalmb, &5 —oix, i
MDBHET LIZREAKNET T bOA ) 7 4 ATMEBTH D, RFIE SS 4, M-U%E 6B
DEE Th D, EERREHIL 200,317 KFE Td 5, AL A 1L BIPE ) BRSHE K T 388
FrlH 5 5% — e U EENICH D, —HORERIKIE, UTIZED AU 7 0 A FRICHEA R
B ST D,
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Fig. 5.3.1-1: FAC specimen at laboratory facility. The authors also gratefully
acknowledge Tokyo Electric Power Co. Inc. for their assistance in the experimental

works.
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Fig. 5.3.1-2: Orifice downstream in the real plant. The feasibility studies of pipe wall
thickness measurements by EMAR method were carried out in the real plant of Fossil
Power Engineering Center, Kansai Electric Power Co. Inc. Since measurement points

are located at a height, scaffolds in the photograph are prepared.
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5.3.2. BIEAE

ARERIRDOWEN & % Fig. 5.3.2-1,2 [Z7” T, A AR 2 ORI E B 4TIE, O 5B
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10 & 20 OIFREIL, AV 7 4 ABEOREZITH 72 10mm & L7z, 6B BELE ORE RITHFEE
D Thb, 2B, 2BEEICOWVWTITE LRV TNmEOREZBZ LT,

EMAT (% Fig. 5.3.2-3 ® EMAT % fl\ 7=, Fig. 5.3.2-3(a) ® EMAT /% Fig. 3.2.2-1 ®» EMAT
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< L7z, ZhiE UT IZBWTHAL R DSAE ORI B LY 5.2 5 L ) m Rz
FRICHELZLDOTH D,

WEE, RBRAEZHIE L BEOMERT, ERIERBINICBWNT, %2 AR <o/, Hl

(2T T IERIE, 2B Bl 13K 8 IR, 6B B I3 4 I T D, ZAUTIFEEE(N—X M
W, 7402, Fymra—"7, Xya E)OxE, WESRMHHEER, RhiEE MR O
#®iE, EMAT OB#i 2 &8, Ziux UT ZH0HIE L it 2 & Ry, BEORE, HES
TFOBEL, SHOYURTHH /LD I EAWIRFTE D, ZNOLEBRVIRRE, SE0 eV
B LTRSS TL £ CORMIZ, IRHHREEE A5 & UT ERRE, 18 55REN+
53 TR WEFTIZ B W TR B E 25613 1 0472 1 Tholo, FEHN

ZBI D HIERE A Fig. 5.3.2-4 (TR,

142



5.3 % FAC ~DiE H
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Fig. 5.3.2-1: Measurement grids at orifice downstream (2B) in the laboratory facility
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Fig. 5.3.2-2: Measurement grids at orifice downstream (6B) in the real plant
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Fig. 5.3.2-3: Schematics of the sensor structure of EMATS.
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Fig. 5.3.2-4: Measurement field in thermal power plant
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5.3.3. AIEHER

2B fidE DR EHE R % Table 5.3.3-1,2 & O® Fig. 5.3.3-1,2 I/~ d, EEFROREE S
5.6mm Th 2, £ EMAT OMIERREZRLD &, FV 7 4 A TFMITEEITIHAE L Tk
v, 200mm FEEEE THANEA TV, FRICHITA A 40mm~100mm (2350 THE 728
WIRH LD, ZORMPERIIA Y 7 4 A TROBENED 4 fFREE THRA LTV
W95 FAC O—fiRAy72 Ml & K< =&, L T b, EHMICEWTIE g, h TRAREAL TH
DOPERTE D, ZHUTA Y 7 4 ADOEHERUT L - THRIKDELNRET TVD Z LTk
HEEZTWD, 728, g80 fIETix Type A ® EMAT TIZIEEHMAGS = LR T
&7, Type B ® EMAT CREMEZITo7z, Z OGO EE A7 ML % Fig.
5.3.3-2 12", Type AB % g40 DJFHEH AT MV THIET 5 &, aA Vi, BE
DR EV Type A © EMAT O 573, REAKE VW, —F5 T, Type B® EMAT (25T
+4372 SN LT Type A & [A) LIRS A A e C& 5, g80 DJAMET A~ ML TH#k
T % &, Type A ® EMAT TIIIHRE AR TX 72\ —75T, Type B ® EMAT T
el SRR I B A R T & B, IERICHRBRIA 2 BB LEUE NRm 2B Lz, BEN
K DOFE% Fig. 5.3.3-3 127777, 200mm {37 F TIEHFEICERE L TW DM 2 5723,
TNUBRIZIEE A EBANE T TR, F2, HIENPKEREETH -7 g80 iz T
Fig. 5.3.3-3(b)1Z/~ 3 FAC F5f O A AR DS HERE S A7z, 4.3.8 Tl 7z, JAHOJE S H|
BN TITRAL T ORENE DRI E L 525 2 L1250 T, EEED FAC &M
WIZEBNOER CTE T, UT ICRDESHER R LIE, &K 0.4mm OFEENRH T,
UT ORIEIZIBWTERF OWI 2L B RER RICEE L B TV DA R LTI, £
OPFTHRL/NSWESHAIEEREZBRA L TS, NEBZE LR L@y, BEmIcix
M2 84 LTV low, SRl OMb 72 i@l L HIER R/ IR T LEsTmb D EH
%%, LU EMAT & UT OBIERFIZEA & LT L TnD, Lien-> T, Hitt%
EETDIETIDORIBRNTOXIRIRDEEZXD,

7%, EMAT, @& KE SF CORKBWEIZT G &b 0.55mm Th o7, AR
H9 5L 3.2mmlyear LD, DR RUWBRE TH 58, EEEREE & Hfk U TN O
JEDINE S D 5:F CRUETBNRBR 21T o722 L l2 X b, ZHUTHAOER 22 T T
WHRELE E B ER D,
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Table 5.3.3-1: Estimating sizing results of 2B test sample by EMAT

Circumference direction position

a b ¢ d e f g h

20 5.0 5.1 5.0 5.0 5.0 5.1 48| 4.9

30 4.8 5.0 4.9 4.8 4.9 4.9 47| 4.8

40 4.8 4.8 4.9 4.8 4.8 4.9 46| 4.7

50 4.8 4.9 4.9 4.8 4.8 4.9 4.8 4.7

3 60 4.8 4.9 4.9 4.8 4.8 4.9 4.8 4.7
\E 70 4.8 5.0 4.9 4.8 4.8 4.9 48| 4.8
I% 80 4.9 5.1 4.9 4.9 4.9 5.0 4.9 4.8
2 90 5.0 5.1 4.9 4.9 4.9 5.0 49| 4.8

‘§ 100 5.1 5.2 5.1 4.9 4.9 5.1 50| 4.9
:'g 110 5.0 5.2 5.0 4.9 5.0 5.1 5.1 4.9
< 120 5.0 5.3 5.2 5.0 5.0 5.2 49| 4.9
130 5.2 5.2 5.2 5.0 4.9 5.2 4.9 5.0

140 5.2 5.3 5.1 4.9 5.0 5.2 5.0 5.0

150 5.1 5.3 5.2 5.0 5.0 5.2 5.1 5.0

160 5.0 5.2 5.2 5.0 5.0 5.2 4.9 5.0
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Table 5.3.3-2: Estimating sizing results of 2B test sample by UT

Circumference direction position

a b ¢ d e f g h

20 5.2 5.3 5.1 5.1 5.1 5.2 5.1 5.0

30 5.1 5.2 5.1 5.1 4.9 5.1 49| 4.9

40 4.9 5.0 4.9 4.9 4.8 5.1 48| 4.8

50 5.0 5.1 4.9 4.9 4.9 5.1 4.7 4.8

3 60 5.1 5.1 4.9 4.9 4.9 5.1 47| 4.8
\E 70 5.1 5.1 5.0 5.0 4.9 5.1 49| 4.9
I% 80 5.1 5.2 5.1 5.1 4.9 5.2 4.9 5.1
? 90 5.1 5.3 5.1 5.1 5.0 5.2 5.0 5.0

‘§ 100 5.1 5.3 5.1 5.1 5.0 5.2 5.0 5.0
:'g 110 5.2 5.4 5.1 5.1 5.1 5.3 5.1 5.1
< 120 5.2 5.3 5.2 5.2 5.1 5.3 5.1 5.1
130 5.2 5.3 5.2 5.2 5.1 5.3 5.1 5.1

140 5.3 5.4 5.3 5.1 5.1 5.3 5.1 5.1

150 5.3 5.3 5.3 5.2 5.1 5.3 5.1 5.1

160 5.4 5.4 5.4 5.2 5.1 5.4 5.1 5.2
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Fig. 5.3.3-1:

(b) UT

Estimating sizing results of 2B pipe with natural FAC.
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Fig. 5.3.3-2: Resonance spectrum at surface of natural FAC

149



% FAC ~ii H

R
t
i
A

Weld line Distance from orifice outlet (mm)
45 60 75 9 105 120 135 150 165 180 195 210

(a) Cut test pipe

(b) Surface of natural FAC with scale

Fig. 5.3.3-3: Inner surface photograph of 6B pipe with natural FACI73],
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6B FEE OHIERE R % Table 5.3.3-3, 4 & Fig. 5.3.3-4 (/R T, #EEHOREE SIX
11.0mm TH 5, HABBFES OFMER CIX 6B BEI13E T I 8 Ml k, FihFmic
TEENED 4 5 ETHIET S Z L3k 5T\ 504, EMAT ORIERRE 7LD &, 4
U7 4 A FITEERCEBALTEBY, 4V 7 4 ADLNED 1EOMEAD)S 4D %
T 1.3mm~2.5mm FEEHA L T\ D 2 EMPHERTE 5, 4D PIRRIXIF L A LA L T2
WV, ZAUE FAC O— 072 Em & —H L T\, BAFFIZONWTIEETOLATIZH D,
FV T 4 ADRPEROFEREZ OND,

AL EMAT, UT & 412 2.5mm TH Y, Lo THEAZHEIT 0.11lmm/year TH -7z,
/LB ST 3.8mm THHDT, ZOREITR 42 FORFMNH D Z &IT8 5, His
FMENEDIIERHNOAE — RHEEDDLDOT, 202 L1210 ThHAE ORIBIOE S % 10
ERETHZEIILERTHDIN, BET T MR D280 E Lo TRIFENTNWEZ &
AV YRV

ZDX9IZ, EMAT % HWT 2 20 FAC BAKDOEEIE S 2 JE Lz, UT &I[FR%
DOWAREFHTHZ LN TE,
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Table 5.3.3-3: Estimating sizing results of 6B test sample by EMAT

Circumference direction position

a b ¢ d e f g h
1D 8.7 8.5 8.6 8.6 8.7 8.9 8.7 9.0
2D 8.5 8.6 8.7 8.8 8.5 8.7 8.6 8.8
3D 8.5 8.8 8.6 8.8 8.7 8.7 8.6 8.7

4D 11.0| 109| 10.8| 11.1| 109| 10.8| 10.7| 10.9

5D 109| 10.8| 109| 11.0| 10.9| 10.8| 10.8| 11.0

Axis direction position

6D 10.4| 10.8| 11.0| 11.0| 11.3| 11.1| 10.7| 111

7D 10.7| 109| 11.0| 11.0| 11.0| 109| 10.7| 10.8

Table 5.3.3-4: Estimating sizing results of 6B test sample by UT

Circumference direction position

a b ¢ d e f g h
1D 8.8 8.7 8.6 8.6 8.7 8.8 8.8 8.9
2D 8.6 8.7 8.5 8.8 8.7 8.5 8.7 8.8
3D 8.5 8.8 8.7 8.8 8.9 8.8 8.7 8.8

4D 11.0| 11.0| 10.9| 11.0| 10.7| 109| 10.9| 11.1

5D 109 109| 109] 11.0| 11.1 11.0| 109 11.0

Axis direction position

6D 10.7| 10.9| 11.0| 111 11.4| 11.0| 10.9| 11.0

7D 11.0| 11.0| 11.0| 11.1 11.1| 10.9| 10.8| 11.0
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unit: mm
6D 7D 8D
| | |
| | |
(a) EMAT
1D 2D 3D 4D 5D 6D 7D 8D

(b) UT

Fig. 5.3.3-4: Estimating sizing results of 6B pipe with natural FAC.
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54, ERERICEITATEEEDNRE

Bl O AE B DUV TIE,  (F) B AR 2 O A S BT B S VW B Tl v,
LE DR, BIISCTEERDESZMEST D LT, 2Rkl TnD, O8Il
BUEICHE BT 2720I121%, —2FTdh72 v, WS FiokK 32 ot o F 2R ES 2 %8
W%, FHTIE, @SITRRTOEE OMELITORITIUIZR SRV, EFEEDTZHD
RGREZMOMERD Y, ARGV CREREHID RO b D,

EMAT ##3% L, WWNEHRIEICHEAT 2R E80—20%, H&T2Z LIk aMmEaR R
DEFEIZH D, EMAT ZEEICHEHZT D22 LT, BEGaMERITH LR, r—7
N ilillE E THEER T ENE, ARSI MEREE DAL LEN IR 8D, ANEITITER
BRERIZR D B D IEER R OIRE AT O,

FHEBRIE & B8 U 7 BRI O R 2 Fig. 4.5-1 10773, ZHd 1.2.2 THRZE L7z EMAT
DFRERED D OIEFE T, Fig, 1.2.2-1 ZHKL L2 D TH S, 150010 EMAT 0%
TR 32 A THL0D, FBEER2ANETH L, Eriaik/MbT 20~ LF7
LI e HnTnd, £MUMES%Z SN LR SHET 57201, 77T et ¥
WICHE L, 7Y —722 EOZ DM OFHERTHE= 2 & OBEN 72 5TICE S 2 & 2B &
LTWo, ffELIE~ AV TF 7L 72 HWTEEZITo7c, ~AVF 7 L7 OFEIT)D
bo¥, BRIEZili§2 2R Tho7e, ARIEIELLZT YT 7 Wik 32¢ch ~ /L F
TV 7L, 8ch OARERY U —Etiz 4 KB L OERICT VT U T EBLE L TV D,
ML 300mm X 200mm X 200mm TH %, AWFIEITHEEFEZ EL T DO TIERVO
T, MEEORBEITIT > TRV, JEER 7 H OB ERIREEE Tl 64ch F0/NEO
AT T LI PRTRINTEY, ZOBEBKIEED S, DT D728 H ¢ EMAT (2T
5L, MIELIE~ AT 7 L7 I NAOREICRET 2 IITRETIEH 50, [+
BRTHONE~AVF T LI E2HNSZ T, DNARENC —EHOEEZREST 5 Z &
HLHRETH D,
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Fig. 4.5-1: Experimental setup using pipe side circuits
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55. #5

ARETIE, EMAT Z AW PRI O 72 D ORIE T IEDRE &, ERBPIRCE ~D 5 1
TRz, FEEED LWBRZ W O T2 DITITIRIEDE N E E LAY, 1 RORIEICHK
o3 DRI 303 %0 LI FTORIEIZIB W TRINT 16 ROMER R H Y, 77 MR
HERIIER TH D720, BRERFBOEMRPLEND, €I T, Hxldk EMAT OEKHIFR
P & Rl Bt 2 A U CRERH COIR SHE FIEZRE L, T OFEITHT2ME
FREMND Z L R A —BTHLZ LA TE, BEINESMHELIR T SEFIZ
BERLHERME CREDESMEEITA D Z L MR LT,

WIZ, FAC %4 U EMEE TR FEZ AW TEREDRE S ZHE L7, EMAT %M
TEEICHAZ R TE 72, ZORRITIAE)Z: FAC OFR#EEFi > TW\WDH Z & 2R T
&7z, £7, EMAT 78 UT L AREDRESHEMRZFf > TWDH Z L2 Lz, £lo=
A NFEZE W2 UT ORI I2IR & RIS/ NS <32 2 & ¢, HENREETH > - FEir
TOEIPELAREL Liz, DRI TV TiEb DA, FEHEIZBWT EMAT ICX5ES
HENFRETH D Z & A b L7,

iz, MELTv A TF T LI 2D Z & T, O EMAT ZJEREREN T 5 2 L3 C
&, EMAT O IRRE I & 2 BB A 0O 1= RRE L O vl REME 2 feRd L 72,
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AR CTHDHEBZ TS, £72, FAC O K57 LD £V BAHEESCONET DA
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THRAEICRA Z R T E 7o, ZORRITHAR e FAC OFREEZ R > T\ D Z & 2R T
&7z, F7o, RUEFTZ UT &RBEDEIHEEREZF > TWb I L2l Lz, £/
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