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Development of the velocity and the temperature measurement
of fluid by using electromagnetic acoustic transducers without

contact
(Final Report)

Ohtsuka Yuusuke*, Masahiro Nishikawa*, Masashi Ueda** and Kuniaki Ara***

Abstract

The purpose of the investigation is to measure the velocity and the temperature
of fluid from the outside of piping by using electromagnetic acoustic transducers
without contact ie. dry condition. We developed these transducers such as
transmitters and detectors for this purpose. The distribution of the static magnetic
flux and the eddy current was also calculated. The calculation results were shown
that a self-exciter type detector had high measurement resolution and low output
voltage with increasing the distance between the surface of piping and the detector,
compared with a external exciter type detector. The performance of the transducers
was investigated from the propagation characteristics such as the sonic speed and
the amplitude of the output voltage. All of detectors received the ultrasonic waves,
when the piezoresonator was used as a transmitter. However, the detectors of the
external exciter type and the self-external type could not receive the ultrasonic
waves transmitted by the electromagnetic transmitter due to the low output
voltage obtained by smaller size of the detectors. The acoustic velocity for water
from the temperature between 10 °C and 70 °C was investigated by using the
electromagnetic transmitter and detectors. The result was good agreement with the
reference. On the other hands, the measurement of the fluid velocity could not

achieved due to the low output voltage.

* Course of Electromagnetic Energy Engineering, Graduate School of
Engineering, Osaka University

** ISI System Development Group, International Cooperation and Technology
Development Center, Tsuruga Head Office, Japan Nuclear Cycle Development
Institute

*** Innovative Component System Research Group, Advanced Technology
Division, O-arai Engineering Center, Japan Nuclear Cycle Development
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Fig.1.1 Propagation of a longitudinal waves in polar coordinates
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Table 1.1 Property of water and liquid Sodium

Volume elasticity Viscosity Density
(N/m2) (kg/m/s) (kg/ms)
Water(20C) 5.63x10¢ 4.52x103 9.04x102
Liq. Sodium(200%C) 2.22x10° 1.00x10* 9.98x10
— 2400 2
:Ej i = Liquid Na| |
52000_ === Water
8 X
(b
> 1600 L -
ETEETT BRI N AR BTN NI
10° 10° 16° 10 168
Frequency [Hz]

Fig.1.2 Relationship between the frequency and the velocity of a longitudinal wave
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Fig.1.3 Relationship between the frequency and the attenuation rate
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Fig.1.4 Properties of the density, the coefficient of volume elasticity,
and velocity depending on temperature. The case of (a) and (b) is for the
case of water and for the case of sodium, respectively.
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Fig.1.5 Arrangement of the transducers on the large tube
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Fig.1.6  Arrangement of the transducers on the small tube. The left figure (a) shows
the propagation of a longitudinal wave, which is generated by the current phase
difference. The right figure (b) shows the extend elevation for the figure (a).
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Fig.2.7 A basic principle for the generation of a longitudinal wave by using

electromagnetic acoustic transducer
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Fig.2.8 A basic principle for the detection of a longitudinal wave by using
electromagnetic acoustic transducer
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Fig.1.9 the decrease of the eddy current density into the material
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Fig.2.1 Configuration of the electromagnetic acoustic transducer.
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L _ Table 2 1 Property of the magnet
Re51dual magnetic flux den51ty . | Br:1.28 -1.33 [T]

Shear adhesion. . .. . _ bHe: 955 — 1035 [KA/m] .
o . o | iHe: 1114 [KA/m]
Energy product 310 — 342 [KJ/m]
Curie temperature 365C
Electric resistance 2x104 [Q]
Size 1x10x30 [mm?], 2x10x30 [mm?],
5x10x30 [mm?]
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Table 2.2 Configuration parameters for the EMAT

coil pattern |turn number [turnlfthickness of magnet Imm| size {mm]
(a) U type 5 1 5x10x30
(b) W type 5,10 1 9x10x30
(c) U type 1,3,5,10,20 2 8x10x30
(d) W type 10 2 14x10x30
(e) U type 10 5 17x10x30
€] U type 10 5x2 22x10x30

Smm

Imm 1mm

2mm Imm

(c) U type; thickness=2mm

(a) U type; thickness=1mm

Imm

(e) U type; thickness=5mm

1mm ’ 1mm

Smm 10mm 1mm

(D U type; thickness=5mmx2

Fig.2.2 Various type of EMATs
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Fa ) —RBEFI0CULETHAEFEZO MnZn 7254 FFEHVWENTWE, H2.412F

(a) a general view for sensor frame (b) a detail view for the array of sensors
Fig.2.3 Configuration of the detector which needs the permanent magnet to excite the
magnet field. This sensor is called the external exciter type detector.
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| -
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0.65mm
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1.3mm - o
detector coil
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0.3mm
Y 10.1mm
_ L J ]
0.02mm
— lg————

Fig.2.4 Detail view of sensor core for the external exciter type detector.
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ZEFEHE (2.5) &, ZEHOMM BN ZHEAI L > TR ICEERSSZAML, #h
EHETEPI L AHEAERIC L VAR EIMIFECRERFE LS, TORBHIZL > THi2
SNHREF Yy TRHEPSL 7254 baTEED, BRMICELT2Z 212X o T
HaAVICEEFRELBERZRETAILITE S,

Table 2.3 Configuration parameters for the external exciter type detector.

SEnsor Core 5
material Mn-Zn ferrite
the length of the gap 0.02 [mm)

sensor size 10.5%9.0%0.4[mm)]

the number of turns for exciter coil 15 [turn]
inductance 0.8 [uH].
registance 20 [Q]

ferrite core detector coil -

S

propagation aCwaves

Fig.2.5 A basic principle for the detection of a longitudinal wave by the external exciter
type detector.
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(a) a general view for sensor frame (b) a detail view for the array of sensors

Fig.2.6 Configuration of the detector which has exciter coils to excite the magnet field.
This sensor is called the self-exciter type detector.

detector coil
" 2.6mm 20 turns _
0.2m21/v - >
AR
F 3
0.4mm
A4
2.85mm NS
excitor coil
20 turns

P—— ] ]

" ———— e N EEESE
[

— e e S

[ excitor coil

20 turns
p
an angle of 45"\ / l
L 4 / 0.08mm
0.lmm

Fig.2.7 Detail view of sensor core for the self-exciter type detector.

¥ 2 ) —REF 40T L THHEHEZO MnZn 7254 P EAWTWE, B2.71+ >
B —OIWREERT, B —OhFE 2.6X2.85X0.2mm3 LIFFINEVWHDE R STH
D, BIBAIAVE0 57—, BREAIANVE 205 —VHBNTVE, #2412V —0D
HIFEIZOWTRT, _

FARETR IS LB R (K 2.8) 1, ZE/ROMUMISESVAGE I McERE
Wee, 7294 @) RBRAEEEEOF Yy THEQRICHEITKNLD, FORHKEE
HBEYE L OMEAEFIC & ) RERK REE I RERIE L, ZORERICL - THRELE
BEIEFy v 7PRHEPS 7254 Pa 7@, BEMICETAZLILL > TRERD L
Bz A VICEESELBREEZETE 5,

B, Z0HCHBESE8TRMET S ICRERITIC L D IBIROBRE 2T o TS, #
NICEH LTI 3ETRRBEIE LT 5, '
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Table 2.4 Configuration parameters for the self-exciter type detector

Sensor core 1
material Mn-Zn ferrite
the length of the gap _ 0.1 [mam]
Sensor size - $8x30 [mml]
]
exciter coil :ther‘xumberoftums 20 [turn].
,  inductance 6.9 [1H]
13
detector coil :the 1.aumberofmrns 20 [turn]
,  inductance 2.8 [1H]
ferrite core t j
—‘—

‘propagation of waves

Fig.2.8 A basic principle for the detection of a longitudinal wave by the self-exciter type
detector.

2. 2. 3 Fa—TRZER

Fo—THSERE, TERERZHLISCLILE2ERIILESERTHS, [ 29 I0F
DFERE T R T IEIRBNIT I BUE LR EBROF TRAR I TCH 2 UBKAE 10mm DL D L
FIZEHRTH D, SERRL REFEOFEOFI L 25 T 5, ME—E S 53, BA R A 2mm
ozl ek, TANVHBIRGHET $0.07Tmm D7V VB Lo TnD,, 24 VIR
AMIZ 15 % —r#nTwa,

Fig.2.9 Configuration of the detector called cube type detector.
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2. 2. 4 HWENTESR

HEMZERT, PHENRICL o TEFRORB LR T2, 20ME%EE 2.10 1271,
HHICRZ D) Y IFBIRE 7294 v ThHY, CREVY—LRUMETHE, Vo F7OK
ESEAMESm, WE3m, FE 0.3m &2oTC0d, U Fidkny—c@#EL, T2
BNEATEREINRTVE, REAOIANIE, VT ET VNN NEEEMLTWBEEYIZ
20 F—2, BEHOIANIZY) X TDOEEKIIboT 10 ¥—vHBNWTHE, VYV IFOTE
12X, BEZ v 27 v 7550054 EY FEHPEIRO TS5 R TV A, §otiiE3E
WG 2720, R ECOER 2R, JIEEHosmRIzEY,

03 . - detector coil

propagation of waves
(a) a general view for the sensor frame, (b) the size of the detector
Fig.2.10 Configuration of the magnetostriction type detector.

2. 2. b ZEHOENR
BEETHERUNEZITI 720, FEMTHENTE, BRTCHIEAITRTH S 2E5H
PRHELE-TWD, BEL-ZEROFHEEERET LHETALE 25 DL RS,
% L2 EHRIERICPHERELENl WV E V)PS5, FICERFNE, T
HMEFFTRZBHETH 5, BRI, FIYEY FH 2 HlEd W Il 24208598 5,
ZROBEFRBEIL D>V TR, BEFRNIEERELE A—-BERoEEE2%ETE, 2
BB ¥ o — 78, BER, AMEER, HCBHEOETAEREE o TS, FAT
BEIRE DWW, F2 ) —BEFT4O0CU LD 7254 FEEHLTVAS,

Table 2.5 Characteristics of new type detectors

sensor type new detectors
items bxternal exciter|self-excitor] cube |[magnetostriction| piezoresonator|

free of the contact pastes

non-contact

high measurment resolution

wave form

intensity of the signal
time response

O x|C{O|O]|O
O x|O]OJOC|O
Q> |0|>|0]O
B> |@] %[O

@] x| X
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2. 3 SHKEEE
BUE L 7-BERAER - SEROMUMBRETFEMT A/-2010, EEZRTF LIS DY THEE
DEZE TV, BERISZERICIET H0H (EE%N), SEROREY, SE®RES
ExRFIRT B 211 ZERFT) L EOEREBRBEMRKTH S,
BHNICBEREERESELH4E, TTHERTESOEBE TV MES L LTEE
L, E0F— ¥ 2 TEEBEREE ICHEDL, ZI2TiE, DIA THRETI, 7Y v 7B
ik 26MHz, A€V I3 256 7—F, wAMDELEKE 100Hz £ 2o Twb, 7HO7%
BB, BEEERICESNERMIELT), £, FEEBERER,»S IIFAME & 2
RODEEVRTVINVF OB IN TS, SEEERIZREEETE G L EE
LT, FEEAE 0.6~3MHz, RAER 40ADBIF L, FEEE® 0.3~5MHz, BXER
0ADEFZE 2BAR L7z, RRICX o THREWG), BRBEEAERICERL2IET S,
BROZER, BIERTESEMIBLAE, F—F2SEY 7Y vy T2 LNTH
BTTVINALINEDRE, F 7)Y FEERIE 05GHz & 4o TWC, REREEL
DL TREVARRTTH Yy T 7T AL TEL, SERBCESETF D & 81350
=Ly —NTEREBUREET I TELY, Y7 VY RERSBECO T Oy
HARFIZINALOICE DR, CDXHC, FERLR2EHETABETLT—4%L 0
RUEREL L TTUVINA O RERT 5, BIABHHRESESS ACHEE SERLF
M UG8, SEMESEY 729 1 FRE LG ERE LT SN RO E%4T- 720 il
BVPHLRB AT L7 -7, FHERICE DiAA, FXCFVINTANTIED )4
XAy MLEE iz, SERBOIFM 1T o 77
BEBROEZELZITI b, BRNLERIEEL AL L 2IEXORL 2 SUS304
TR L LT L, 72, R EFTA2ZHRIST LTI, Ak —TFic k2%
BzBI kol ZEMOBFIILEOMARLENMIZ, AFEHFMIIKN LT 0.05mm, EEH
MICHF LT 0.02mm OFEEDDH B KDY 3+ — ICHMAITHTFo 720

function generator

// degitél oscilloscope
Al

pulser reciever

] teststage L5 i O

QQ 90

power supply

Fig.2.11 Experimental setup
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2. 4 ERSRAT

RHFEILBNT, HOEBHBESEROBROKE B X 2 ERE, AR EROS
BREZBIEFITICL o TROZAOOHEH LAY 7 e LT, WHOEFY ¥ 7 LGRS
DFEA M LEIT Structural Dynamics Research Coroiration $H51¢ FEMAP %, ¥ 7-f##T4k
#id PHOTON #t# o PHOTO-EDDY, PHOTO-EDDYjw 2 Lo B 2.12 I2fif#F 7' 0

T ADBMER %R,

e s e e

/1. PHOTO-EDDY - = -\

N

Fig.2.12 A schematic of the method of numerical calculation.

212 RT3 L9142, FF

I . FEMAP #% F\: =847 H & 7 VIR

. PHOTO-EDDY % FH\» 7 B B I B AT
. PHOTOQ-EDDYj w % B V> 722785 0k JE S BUS 2 T
V. fATH5H & FEMAP TORA FLE

D4 DODFN T LT o720 UWTICEEME =T,

FEMAP (I, =XV =7 ¥V VBT 2 P OWHEICETTAO0EREZET) 7
2T S ENTE L, SHIT- 2R FEIEE, TTFUDICETEROBREET-72. o
B E ECETRIFICHD AREDEVI T ETHY, KEL ETBFEICEL 575,
HEVHBEIETTEL LFERPARE Y, BFFEEEICE S, BRSBTS
Bizx L, 8~5 FREOEFAHZ ML, +oICREFRET A2 L35 ho T 5,

RICEFRNFOERGE ZT o072 ThIRBRT -5 OERES VI B ENRTES,
FIZCEB LVWEREEZEZMP T LTI VMEBRBINEIT) S EWTR LY, &4
eHGAELTLED &, TNDHERIZEL Lo T LEIRRAE 25, SR CHW: PC
{&, CPU Pentium 1 800MHz,memory512Mbyte TdH 0, FIFETNVIC L o TEMEILE D 4F
Node # 190000, Element # 180000 ¢, EDDY T# 2 IK:l, #D#® EDDY]jw TH 5 I
M OFH PG ETH o 72 RITER LGRS, BBRMRPEAGEREDST A — ¥
AT ®E, ETVT—FE2BNTH, 2L E, BUEEHTHINSHEs5 217
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Wr—% b, BEREBEBBIEZITI 200, SR 252 TWERWEFVF— ¥ Z1EH
L77s

PHOTO-EDDY B HBMEFEZ AV S RIGIHERMN 217H) 2 LA°TE B, FEMAP ©
YERL LI ET VRS S A, BATOMIE, WBIRIRONT A—-FREL LT, BN2ETT
Bo BHTHRT LEVEBITRREEZ 77 ANVE L THREETANT —IZEBEEHT, 207, 4
EH V72 PHOTO-EDDYj w &, BEWIBITH R ¥ <4 X TH Y, BEE (k) 28175,
At R, RE, 0, BERoOERERLEPEETCEXLLINCIAITLIXENT
Wb, 2D HAY <4 XFIZEREF IV PHOTO-EDDY TER L 7- SR AT & 2 %
ABL, BEELEESEOMEERICIVELIZRERGAZROE LN TEL, 5HHE
HRIZ, BEFEMAP CigA s, avyFuy b, 7oA—varvsay h, "ZMVTS
=20 N XY¢§77U/LT§TL BS EBER Lo TRESLABABROBEES
MOMET 2175 o '
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3. ELREFE L HERATRER
3. 1 BHBTHAEHROFE
3. 1. 1 Hh¥eE

BB EHIEEETFICERE BRI ANY — L BEE L AN — B OTBGRSE,
9 LZIRRIEBWT, SNKOBEZIT) 0T AEMEEI RS THLENEDH S, £
T, IANDEEFRHADESEFEAREHRTREL, ThEFLOXERIIBITAZ
BREEMRLERELT o7, M3.1 KEROLKL LEERZRT,

HERIL, RERICBHEBTEXER ZEHRIIE %*%%mwtoﬁrﬁﬁﬁuz%MHz
ELTWE, ZEFROBRELTE, F2EBTHERLEBROLOEHNTWw5,

a transmitter : EMAT
reciever I a piezoresonator
frequency - 2.25MHz
wave length . 4 wavelength
sample - SUS304

distance . 100mm

| :__f_ 100mm

Fig.3.1 Experimental setup

H 8.2 KKAEELNA UM 10 W% SBAE 2mm OBEHBEELES AV -BOZEE
BERT Mbus TTORBIBEFRLEETIRICELLBHRR/ A XOHBTHD, £
7o, 17.5usH72DI/ A XERHELPICER LR DEFRIMHENT DI 05D 5, BERH
100mm % =T 5D 17.5us DHREZELTWEOT, ZhEFHRICET EH 5700m/s
&b THIEICEMED SUS304 O 5790m/s I2IZIF—HKT A L b, ERBTRRE
TR 2 BB L TWwaB Z PRSI,

, Amplitude [V]

10 15 20 25 30

Time [psec]
Fig.3.2 Waveform received by the piezoresonator. The wave was generated by the EMAT.
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KiT, TNENDREROUNZLET 2720, E—EEK D peak to peak FEIEHH &
LTaTIhoER, Ba0BEIOFRERD~E. K 3.3 CEREROBIREEOBOEEHRE
EDBRITDWVWTRT, '

800 , I 4 ,

e
600 fmr g e S— =
£ ®
5 ?
BAOO - e —
QO.4 e @ :
: i O U-type Imm
200 f-ormreeeerboeeee s ehrcnd @ Uetype 2mm |
: : 1 W-type Imm
® o B W-type 2mm

0 | | | i
0 5 10 15 20 25

Turns
Fig.3.3 Relation between the coil turn number and the power of the signal.

BEBERIMIVOBHEEPHERELRAEMERLE. LALENS, 20 B/
H& 10 EEODDIDREBENNEBoTLE> R, 5 EEXITOVWTERE, U B
2mm BRUE 1lmm EQH 14 EA0, W Lom ETIR U 1mm BEOH 1.7 &0/
TWa, UL, 1I0EBEICOVWTRSE, WHB 2mm B U & 2mm EOW 1.1 {SREIC

V]
>

B2000 |t [0 2mm
‘:‘ : ; : i i A S5mm
ngOO — —{| A 5mm matching
& : : s : ; O 10mm
1000 ~-A®— @ 10mm matching

101 T— — I S— ............. -

0 2 4 6 8 10 12
Magnetic Thickness [mm]

Fig.3.4 Power of the signal depending on the magnetic thickness.
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LD bhhrol, L, BAOORANICaA N EEllD, BADPESBIFaL VDL
HRPBEHICIoT, TANDYT 2 ¥ P AESDPREL L0 EEL LA,

FEC, VT2 5V AWESRNELTEHLDIL, T4 MCIyFrH—%22FTA Y E—
oAy F YT eiT, REMBICEORESLTRD, FLBAOESEEZLI LI
X HEEREOEIERMA e MHLARENRE, UM 10%EXTH5, M34 HADE
SERBHMELOHERBIIOVWTRT, MANDEI R RELTALBABOBEIEL, #E
I RE 2L LEZONDE, 72, 1 ¥ - VB DL ELRERBEEL 5L, VT2
FYABRBHRE G BL-DREMBBIINSL 2B, arFrd—%{JiAr¥—=F 2
RYFUTERTIET, REERELTHMINEELZ LT B,

PEDOFHRDP S, SEEMELEGHROFC—FRAOEY U A 10 % X #4)E 10mm
DEEHVEEBUITH o/, BADESIF R LTHERENEE, A v E—-F 27y
FUTTEI TR ERFLEMEELILNTEL, &%, REHHZ2ALETLIHE,
BELGHADES, B, V775 Y ARGIEE LY L, RERTIMET 2 LENDH 5,

3. 1. 2 damse :

e L 2R EROBAMEICDWT, ERELFHEDPORDIZ, M35 IRT LI I, FEE
TFEEE LAE 2RO ICEERZ AR 30mm, HE % 2mm T OBE) 2 €HIE 21T 2 720
EEHIL, BREFTURERO 10 %A L, I-F0RUBRORESE LRI H NI LT
BEDZWE D ICHEFNC 2R nIEd D% vz, RERWKEIZ 2.25MHz & L7, #EHOR
Wz 3.1 R, fHEICEL TR, BRI Ao/ VRS2 %REmE L, RETICB
A BE A EHEE, RVHACES TS ERELTSEEffoTwa, REFREKY
2.25MHz, WMERIZ0 & LTEHELZ LTS, ERZH 3.6 IZRT, BEISTEREER, E8
PEIERBRE o T,

[ transmitter Coil

eyt e _’._“’f_‘?_“‘F’-I_‘ .()._W_D.t_l?_n cction of motion
ropagation of waves ' | |100mm ¢ >
._::Sérii:pIB"_; ) ; _ : :
] reciever agnet
\ ] s
Center
(2) arrangement (b) a pattern from down below

Fig.3.56 Experimental setup and the measurement condition.
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Table 3.1 Combination of transmitters to measure the directivity.

[ type thickness of magnet [mm]
@ U type 2
@ U type + U type 2
[©) W type 2
@ W type + W type 2
® U type 5
@ U type + U type 5
@ U type 5x2

PoweerVL

1600 P T

I
o
=

Power [mV]
o]
=
L]

Position [cm]

@ U type, thickness=2mm

Position [cm]
® W type, thickness=2mm

—
S8

o o o o
N - =% -]
Power [mV]

Position [em]

@ U type + U type, thickness=2mm

Position [cm]
@ W type + W type, thickness=2mm
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Power [mV]

Position [cm] Position [cm]

® U type, thickness=5mm ® U type + U type, thickness=5mm

3500 F T T
3000 _~{ ........... ,
1000 .._@%
wogwﬁﬁijﬂwﬁm+m%

3 02 -1 0 1 2 3
Position [cm]

R

mV]

[

Power

0.2

@ U type, thickness=6mmx2
Fig.3.6 Directivity for the EMATS

FHEAERE, EREROBARENDTHEEL TS, EBRERLHEFERIIFIZ—HLT
Wiz, QE@IZER L TH D E, UM 2mm EFEFNCT5 2 & THEI Y, BB
ZOREHASEELL, L2L, @L@IERLTASL E, WHE 2mm B EB5)i1235 &,
RS B APRERDIINS o TLE o, i, ZEBOETOIE, H5\
I VOEEFICERESHELEZONE, @LODP UE smm EICHLTYH, AEH
V2B, T, UBE WHRICOWTAS E WROEEWEESL, HMEHHbkAE
2 TWAHIEFbroiz, MIZBE LT, @©OHLERSOFMMEEIFIZ—I LTV 5,
CRIZRBEHROHFLEGOBEAI T B0k EL LN,

DEO#FRLD, WRIZUMIYS, FLEFCTEI 0k VigmMEE <, RERT

-23—
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bRELRBI LB DPoi, UL, BFICTAEEES, EHOENKELLDTESL L,
REHNIVNEL BEMHEH D, T, FETIEERLZ LX), NHEEFKELER
D, fREEE ESEFEEHRDITEL L TH L, RERZHETLES, EROIENK
L BRDTERVEIICERL, RERBEFROTEZEFEETHE,

3. 2 HBHEZERIC L ZEEFROZE
3. 2. 1 HEBRER

BUEL7-BERSERE, TERTFLEERVPMEAEZLELLEVOT, FSLLR
ST CHATE 2R D 5, Lo L, B S E TR EEET I AT £ Xd8
AEL, FRERNCRERE SET S LA LBLND REREITTRENS 5, £
ZTETADI, NRRAESEHRLTE s TREROZEHEEHA.

X 3.7 ICEBACEIX 2779 . BB ICIZEES 70mm @ SUS304 % vy, RERICEEET
%, ZEHICHTIBIZERZ AP VEDEICEE Lk, SRR ESE, BB
BN 2 L) REHETORBR RAMEICHSEEAML2VWEBETREZETLIL
BTERWV/D, L F—OHLPLERETR 10mm BEN-MEIC NBE S BAmESD
LICRETSHELWME L VEEDOERNENIZOVTH L, REFEEE 0.75MHz
ELTRBERZERE L7,

B 3.8 WA ZEROMICBAGTEE L/ LELEEBE Lotk 20ZEREE
RLTWA, bps FTORERBEBEWERETLRCAE L BRA, 1 A0BEIC L2
bOTHY, SRR D S EIE 18us P ORBEPFRHNTE T 5B, 45 1 i H OFZ KR
i3, HHE 5790mls £ T B LRLLMTHD. SOMRD b, e LSRN AR
WEZIFEMTZETEILIRTFE L THEHTE 2 Z LR T E o AAEBEEF 2 VWIEE,
851 EAPEET IR > TH /A XNV LPZETETVRYE, 20us 5 30us
KT TET RV LM EE Lize SR, SERSRRA HAL L €\ 7720 1 fRBh s
EbY, UHERRE LTBEREZEL O ELOND, T0L) REMEHE L
DOENZERTH D, | 3.8 OFRP G, SEREHEEZERONEIE, HEOZEHE
INBBHOFEIC Lo TRECED Zeb s, BROIBEEEZET 52201 HH
DBETHLZ L, SEEFFAEBRICEM LB, PREBSARELAECRZVIER 3 E
FERETE B L b o7z,

RICEEHRTHHEERET ZHRFIRAISB o TR ¢, REZEHEREELsEL
SORREN 3.9 1R, RBEMBERIKE 2B oNT, 1 EHOBERE N

reciever
s [N s | N

a transmitter . piezoresonator

reciever . external exciter type detector
frequency - 0.75MHz

sample - SUS304 S
distance I 70mm Emm

70mm

propagation of _Wavés

transmitter

Fig.3.7 Experimental setup
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5 T I I

— a) with magnets i ' Y | A4
= 0K @ g LR ; |
&
5
£
E& (b) without magnets

.10 I [ ]

0 10 20 30 40
Time [usec]

Fig.3.8 Waveform received by the external exiter type detector
with and without magnets.

3 | | |
0 SL=0mm

[ |
5 'L_ . SL=10mm

|

| 8L=20mm

Amplitude [mV]
S

15 ’ SL=30mm
1 SL=40mm
=20 ’
225 l ] ]
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Fig.3.9 Waveform received by the external exiter type detector
at the different propagated distance.
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T LORBR B S TBLEDRL, DLARRI 2 OM L THREEBHEZ Y
5 LT, BHEWHIROADZERE2BAZ N TEL, F2T, ASERESERT &
W=D, BEBEF2S) 7 37352 EC2ERBEBLTFOBENELYDO LI
o XY R A

B 3.10 WERALER ¢ 7§, NBBREZEREIRY Y a F— 12k VF-TEHEL, b
TOBRBLHELLTER LI L, BARRRINICHEL-RETH S, RBE L OHE
HEd X, BEAICEV 20 m AT L&A 2mm BN RET CHEA BB TERET - 720
e WEE 5MHz & L7,

IRV ZE S L AR L OME#E % 204 m BT, 1mm, 2mm & L7-BROSERE:
M 8.11 1R d B3 HOEEKR L Figured-8 OFER L IFITEH LS, SEBRREBE 5
DEEL TW R L7205 T, ZEMEFKTT2EBIR O, M3.1213, SEROME

reciver

a transmitter . piezoresonator e e — N
reciever © external exciter type detector B DR
frequency » SMHz

sample : SUS304

distance - 100mm

100mm

"prb’p&éétidﬁ of waves

transmitter

~

Fig.3.10 Experimental setup.

02

e

Amplitude [V]

Time [usec]
Fig.3.11 Waveform received by the external exciter type detector which separates

from the surface.
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2520pum LT OB BT 2B KKK TH S, ZERBOMNELEBRS D5 1mm,
2mm CEELTHE—HFHOEBIZIAZ LEMEIRONE o, $77, SEBEHIIRE
JEO BMHz L —E L TWwA I b bdhot, TREY, SE8ERERE 268 L7/ RE
TOHERNICBEFELZETEL I Libhoiz,

HERR O 2ER € TOMEBE L SEMBEORRE N 3.13 1278 T SESIREF L EW
BTIIZEBEIRIIIZ-ELhoTvwaEY, THhEIRBEFORMESH L EEEHLEEL
bbb, NEPBEAZERIE, I7HEFT 254 b CHBERIZZES SUS304 12T
#7 2000 5 LB THEHEZB LT WHECTH L, Lo TRERLZRBITITESITS L,
AP BEo TOWRBEF 7254 MZBERTAEHIChD, FRICLY, SEROE
TCREFNHMOBEMEI/NESL holl-d bFELOND, SEWER, RBE 55 2mm
HENALERBWTY 20 m PITFORAICHART, # 40%BDOKE ETH 72, SEBEREE
ZEHDZEL, Fry THCllEsfieriE sdReHEE LT, HELELD D
MUREREL LTV 225, BMEERICLAFECLIVREOSRERLZ LI
L7,

100 , I |

Lh
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Fig.3.12 Enlarged view of the received waveform.
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Fig.3.13 Dependence of amplitude on the distance between the detector
and the surface of the sample.
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3. 2. 2 BIEERER
AEFHRERLEZM, BREEHBNET o2, BRESRBREmICEEICASH L L
LT, 2OBICEBATICHFEShIWBEROEEE &3,

5= 2 (3.1)

OUT

TERY LD TED, TIT, SREREFEE, o ZAREYR, ,RBEE, IEBEETH
Bo EI2ITRLTVEYMNT A -y 2 RALERESZEHET 2 &, 6pn &% )EEIC
LPWERFRENZ NI EWbh b, —F, BEEOREEMEHE Mz & L, H#% 5500n/s
EYAHETHRIZLIm %5, BBRROBESREEOHIFEL LS 3m 3EHE27TI0h
YT RBESPHEBESN TR EEIONS, BFEICHEH L5 A — ¥ LEEEF V%
LLTFiomd,

Fig.3.14 2-dimensional analysis model.

Table 3.2 Configuration parameter

block width 5-7Tmm, height Smm
detector | width 0.9mm, height 1.3mm

node 22320
element 22422
dimension 2D analysis model

Table 3.3 Property parameter.

relative permeability | electric conductivity
Air 1
Detector 2000
Mn-Zn Ferrite
Block 1.02 1.38e7 [s/m]
SUS304

Table 3.4 Wave parameter.

Frequency 5MHz
Velocity 5500m/s
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1.0 [l | ' i I T
% % & % % & experimental results
0.8 = % _ Bl calculation L
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Fig. 3. 15 Comparlson of the experlmental results with calculated results,
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(a) The detector is in contact with the block.

(b) The distance between the detector and the surface of the sample is Imm. |
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{c) The distance between the detector and the surface of the sample is 2mm.
Fig.3.16 Distribution of the induced magnetic flux density.
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Fig.3.17 Flow of magnetic flux. The case of (a) is the prediction

and the case of (b) is the calculated result.
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Fig.3.18 3-dimensional analysis médel.

U “Table 3.5 Co’r’ifigufat"_io'p':'p'afa'hdéter" -

$

-relative permeability | electric conductivity | =
. Detector . |0 2000
Mn-Zn Ferrite | 0o I
Block - 1.02 1.38¢7 [s/m]
SUS304
exciter coil 1

Table 8.6 Property parameter.

Block width 8.9mm; height 8 0mm, thickness 1.0mm
- Detector width 0.9mm, height 1.0mm, thickness 0.1mm
Gap length 0.05 - 0.5 mm
Node 114048
Element 109595
Dimension

3D analysis model

. Table 3.7 Wave parameter

[ Frequency | .0.75.-.. ].OMHZ

Velocity .. B500m/s
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(a) gap height 0.00mm

100

10

(¢) gap height 0.08mm
Fig.3.19 Distribution of induced magnetic flux density with different gap height.
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(a) an angle of 30 degrees (b) an angle of 45 degrees

(e) an angle of 60 degrees
Fig.3.20 Distribution of induced magnetic flux density with different angle.
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Fig.8.21 Distribution of induced magnetic flux density.
This type transducer has two exciter coils.
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(a) a gap length of 0.2mm (b) a gap length of 0.2mm

Fig.3.22 Distribution of induced magnetic flux density with different gap length.
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Fig.3.23 Dependence of magnetic flux on the depth at the different gap length. -
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Fig.3.24 Weak dependence of voltage obtained from the variation of
induced magnetic flux density on the gap length.
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(a) a frequency of 1MHz. (b) a frequency of SMHz.
Fig.3.25 Distribution of the eddy current.
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Fig.3.26 Dependence of eddy current on the depth at the different frequency.
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Fig.3.27 Output voltage as a function of frequency.
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Fig.3.27 Output voltage as a function of distance between the detector
and the surface of the block.
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distance @ 25mm
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Fig. 3.28 Experimental setup.
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Fig. 3.29 Waveform received by the self-exciter type detector.
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Fig. 3.30 Experimental setup.
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(a) Waveform transmitted by the piezoresonator.
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(b) Waveform transmitted by the EMAT.
Fig. 3.31 Waveform received by the cube type detector.
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Fig. 3.32 Waveform received by the magnetostriction type detector.
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Fig.3.33 Experimental setup.
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Fig.3.34 Waveform propagated in the water
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Fig.3.35 Enlarged view of a partial waveform in Fig. 3.34.

BORBLE AL, BEOFDVRERMBELoTWE, LPLAENS, H28ERELE 1
B DR EZE K2 HET 2D S ST EE RO B &, #609us DBEHS, kil 27C
DHEEOFTHEEIZITHELEE L2, X 3.35 3% 2B EFHET ABEE» A LEHTS
%o H2IREVEET HEOREF T, MAMESTVREENTVEETTHY, 52 %E
DAEL LA FH RN ES ICHE CE 5%, FAUBOBETIRI B0 LS ik
ZoTWT, KEEHEELABHFRTH L OD, SUSIE P TOREH 5 WITHEL O X
ETBIEWTELh ol KBEZBLESAE, BFLONIB 0L I ICE 2 kH0OIE
HEZAWEST I ERTELHERIEPY TR, 74X E2HEBOEESEHELTLE W,




JNG TY4400 2002-002

FOUSL EWF NG ERD D Z L HEERER O D o7z ZOBAN, BERBPIEMRKICE
P6T, MEREOKERE 2L, T/, XERARKEEZ L 20ZERBEH 3.36 1R
o KiEIE 18.5CTH Y, HERWEEIE, 0.5MHz 25 2.5Mz & o TW5B, HlEET-72
TANTOFEBIK LT, 8B 1 FERRARIICRESATEY, 5 1 BREFESHE Sk
PEDOWEB IS EL I —-PFEEL Tz, T/, EBEICHE L TREEEEE &5 /A
S L AEAICH D Ao, _

FIT, BMEFELLTIOm & LTEBII— 2 LA %BOERE®ITS L L dIc, Bl
L0 RS 2.25Mz, 1.5 WROBEREXERE LTRESE, F3.37 1k, #E
i CEEOE A ER, SEHICF 2 — TEREHFEH, BWEEOKPEEEED 100mm
DEZDOZFERIZICOVTRLTVE, ZOMPS, BHREZRBESETH S 60.5us I
—WEHPEEL, FMEROHEEHH 3. 4us OFET 100us BLERIZE Sh, Bl & & HIZEL
Twolz, BERIES 10mn O SUS304 2 AET AN 3.2us THELEZ L, Z0—
EHRBTRESNRTYLHMIE, SUS304 HE2LERF LIt a—THb I eHFbhrb, &6

1.2¢

041 0.75MHz —

Amplitude [mV]
o

0.4 = 1.5MHz _
2.0MHz
-0 |
2.5MHz
12! '
0 200 400 600 800

Time [ps]
Fig.3.36 Waveforms with different frequency as a function of time received
by the magnetostriction type detector.
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Fig.3.37 Waveform as a function of time received by the cube type detector.
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Fig.3.38 Acoustic velocity as a function of temperature.
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Fig.3.39 Water circulation system.
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Fig.3.40 Typical waveform received by the cube type detector on the water

circulation system.



JNC TY4400 2002-002

Time [us]

25 T T 0.45
20 | -1 0.40
15 — 0.35
10 |- — 0.30
5 — 0.25
0 f ' 0.20
0 1 2 4
velocity of flow [m/s]

Flg 3 41 Propagatlon time and the detected s1gnal amphtude o

- Sasa functmn of velocity of ﬂow Ll

Amplimde [mV]




JNC TY4400 2002-002

4 B

4. 1 SEEIRIE Y B DR O R BT L RE S
ZEBOMENFIEL, RBAPIRICE LS ERRBATICREZ LTS, B 41 134
AR L B E RS EROERRRAMIC VT, KIERIIC L ) BN kRE~Y
MARRTRLTVD, SRS ER CRHZERL LI LT 10mm T oL L&D

MAEZNEL SERREZAS LI CRELTVD, 20D, ZEBORE SITHRTEL

SRR RAET B 2 LI b, BREAORE T U — SRS ~BHEOBH 7 = 5

100

e EELETLL R

(a) the case of the external exciter type  (b) the case of the self-exciter type
Fig.4.1 Flow of the static magnetic flux.
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(a) the case of the external exciter type  (b) the case of the self-exciter type
Fig.4.2 Distribution of the eddy current density.

~NRND AR LTV D,

AEEMAOBRE, BB SFICFEET 2HHEOBOEBSICIREROBREE HRE S
RAEMICH D, MERBEIZEBPOLCTRHRL =y VB TREIRY, SHITEER
LR LOBORBREETLREN, Thbb, REHFOKRE S LY HEVEETRHER
BEELTWDZLICRD, HERMEOEE, ¥v vy 7 MORBRAREIEREC OB
EP LT B0, BERIIX vy 7TRCOAEELTWS, BB 2FCILEERIT
IEIEFEE L THRYY,

SHERROREEIRC B CRbBEELIC L 5 BE R OB BIRERIC L » TEULERARE =ML &
FHRTHZ L TITbd, 4.3 1%, RERICE > THEEINHMREOTRNAZRZ FARR
LTW5,

(a) the case of the external exciter type  (b) the case of the self-exciter type
Fig.4.3 Flow of the induced magnetic flux.
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Fig.4.4 Output voltage asa functmn of distance between the detector and

the surface of block.
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Fig.4.5 Relation between the distance from the surface of block to
the detector and the output voltage.
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