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Evaluation of the Slit Detectability of the Point-focusing Electromagnetic Acoustic
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Abstract

A point-focusing electromagnetic-acoustic transducer (PF-EMAT) was developed and the slit detectability was evaluated. Based on
the Lorentz force mechanism, this EMAT generated shear-vertical (SV) waves from concentric line sources on the top surface of a
stainless steel plate, and the SV waves were focused on the focal point on the bottom surface of the plate in phase. The focusing effect
improved the spatial resolution and detectability of slit defects located on the bottom surface. An artificial slit as shallow as 0.05-
mm deep was well detectable at 2 MHz. Effect of the in-plane incident angle of the SV waves to the slit face, reproducibility of the

measurements, and the liftoff effect were evaluated.

f Key Words ) Point-focusing electromagnetic acoustic transducer, Ultrasonic testing, Lorentz force, SV wave, SUS304 steel, Slit detection

1. #S
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SERFFNZ I T SCC 2 b DREEDOH M & Z DRES
FOSER AT 22, LU, i Fi e
FAEEMEEIHRBR TR, WGERsRmRE (5794 04—
MIFIZ & B M), ZistEs, LT EDFOHRIZH
BEZIRTL, »D, ABEBOHEFICK 3 EZEN/RAEL
IV, ZOLS RERICK D, HWERE TEHEREO SN
7 — 2 PRIT X VAL,

—file U, B R4 0.01ml 2* 5 0.30ml £ TE1L X
72D BB AT (B 2MHz, SRR 45°)
TORAY vy b2 5O —EF XM % Fig.d 12733, 8k
BHIE X 127mm DA F ¥ L A THE 1.0mm DAY v
FAMT XN TS, Figl (b) &b, HEAEEA 0.10m]

Efe=ft : FHR27FE4A30H BHEIE R 27FE11A17H

*KBRAFRFRRERE TR (KBRAFEHHREFRILAT 1-3)
Graduate School of Engineering Science, Osaka University

PlETidza—gx g —E22, 010m Bl Fick s L%
T ROWMD L L BIC LT —EXWNXL 55, FIERIC
BT 2 FHE A TEET 5720, HEAEE RS2
kT2ZLnbsb, INPHBMEDKTO—RKEL LT D,

Transducer

Stainless steel

0.01ml 0.30ml
(a)
100 T T T T T L
‘ 6 [ ] |
s [ ]
2 80 F s
=
B 60 o .
.
,%O 40 e -
= L
=]
g 20 + .
| L | L | L | L |

0 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3

Couplant amount, (ml)

(b)

Fig.1 (a) Piezoelectric transducer, specimen, and couplant (b) Echo
heights measured with different amounts of couplant at 2 MHz
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PR O R TDIRRE D B A IR 5T & B IREMCOREH
FHHEE LTk, vy, Ak, B
WWEWEY Y SOTHLA S D, KK TIR, ZThonhTe
BRHEERICEHT 2%, ZOFHRITEEEORZE ICERE
Tt ¥ ¥ (Electromagnetic Acoustic Transducer : EMAT)
ZHW3, EMAT I3/ DRENRSTH D, HIHEEE
ARHNICHAE X2 5 20RO RHREDOFE L ZIFIZ W,
L —HFBEHFWRD &S KNP ROEE L GHARNETH D, 22
KEEIWO X IZHIBOKRKROESE RRE, NRopEs 2
AT g, —HT, ERBMEMTIZINRS LREZERD
BHREROREN D B, BIZZAT VL ZHD X5 ICEKIES S
KEOMB T, BETIWMERDOBRBHEINKREL 2D,
B E WO MW EIE DL 2R EBMEMET 5, 77,
Va— L KEL, ThERRZEIREET EE 5,

EMAT DR ENEEED 572012, FEELDINL—TT
I3HREHRA EMAT (BLT, Line-Focusing (LF)-EMAT &4 %)
ABF LY, ZHIZEROMBEEA 5 RE L7 SV (Shear
Vertical) 3% % #HBHb O #5 CRIGMIZ THEE S &, %ZEW
LB SRRSO Y THY, TILIZTLAEER
oKL CEA I W Sz nTid, 30mm JE X
WROKRAIEA L2 E 0.05mm DAY v b 2§52 &
IZERIILTh B,

L% L, LFEMAT T3 20mm ~ 30mm & D & X D #
WEICBENEAE RSS20, FEMEE L RO
SCCRYy MROXKGIZXN L T HaEsEDRET 2B oNn T
W, 22T, SVEEEMEHho—H (A ICFEMNMETHE
W, RZENREL BB REEE & S ICED 28 7= itk
$ B EMAT (LT, Point-Focusing (PF)-EMAT &$ %) OB
RIZHD A TNS, ZOHRE LT, ZhETIZ PFEMAT
RalEL, ZOHERMEREL G L T & 221,

T RE T, AW/ RE L2 [HEHETD
eRALRS  HEREBUR ] A ES AR L, RAEOFE R E
FrOMFEDO 7= DL L THEHL T, ZOMETIE, UT
ORMIRAIZ, B EHRBOEIIH L TIREE 1.5mm™ &
ENTWE, KR TIEZOTHEE D &/ & aElhE BB
BABT2ZL0TE ZREFEMOMLAZHHE LTS,
AFL T, 0.05mm ~ 145mm X OHENERH L =2 &
FADIRERF 12 LT, PEEMAT O 2 Y » 8 HPERE % 6k
DFEBRIZHOGAT & I L ah 5 & 0 ZEMICFHE$ 5. Bf
BT, 2V vy MIXT 2 SVEDAFHAK DK, V7 b
* 7 OB & 5 IZEHNO FEMEIZ DO TCEHEY 5. PF-
EMATidu—v vy haHMLZE Y3 TH Y, EBMDSE
JEA RN O &2 LU CRGEF N Tnw b, JJ- TR ERO
B4 121 SUS304 % SUS316 & 4o 7= JERiMED 2 7 » L Z 4§43
FAWeNTHD, KinX T2z OREMN L HMTH 5 SUS304
Bl & LT %,
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Fig.2 Schematic of designing the SV wave focusing EMAT
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Fig.3 Amplitude and phase distribution of SV waves generated
from a line source calculated for stainless steel
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Fig.4 Schematics of (a) meander-line coil for line-focusing EMAT
and (b) concentric meander-line coil for point-focusing EMAT
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15mm)., FARBNFIIUTOEED TH S,

(1) A ngailibic s 2L iIckDmAIZE —HICHEg X
HTHERREED 7,

(2) LF-EMAT T, R AMHz Tdh - 722, (ziizhZED
w4 HEQIZ s A 2MHz & U, ARk o8 ok i
K BEELRE DB EAICT S 872,

(3) B AKRT 28722 &I2&) EMATOA Y E—& Y
ZMET T 3720, 24 LOEIKREBMNE 7,
IhoDOHRBIZED, Figd (b) OFRIEEVEZE R
EHT 5, 2o RCHEF IO ME 13° 2 5 37° O i
IZh B, 7TRDITA NG S X iz SV iEE —FICHER
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3. ERRTE
RERF X 2 7 v L 2§kt SUS304 TH D, BEMTIZXD
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I50.5mm, £ 10mm) % 748 A LK, ki, ikBRH
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IR S B A 5. BRI RO TR %17 - 72,
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D FA
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OFERED |, 20y MIWEIZHRIBNTE 5 Z L SR TE 72,
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JIZ, PR-EMAT % 2 Y » MIoxf LB S5 (v Fia) 1S
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4.2 UT &EDRY Y MEEHHEDLEE

J5 T 365 i O S IR R T, JEACA207 P gD
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EMAT &D 2V v MM % bk L2z, BRMIE, JEER
RIFE AR AT (SV 3, R 2MHz, AREHT A 45°)
ZHVWAEZUTICT, 82 v b2 56DRATI—FHE&ERD 7=,
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Fig.5 Typical waveforms measured with slits (a)~(d) by the PF-EMAT. Bars indicate the gate position

used in the superheterodyne measurement
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Fig.6 Amplitude profile in the y direction
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Fig.7 Comparison of normalized amplitudes measured by the PF-
EMAT and the piezoelectric transducer. Dashed line indicates the
estimation from the reflectivity of flaw geometry (y)

4.3 RERISTFEINDIHEDOHESR
4.3.1 VY OHEIZX S

BGHEGE*EE L =546, Shicdd sy doEEIck
ZiRMEZAL, RRMMZE 3 Y 7 b F 7 OE FRlloFEE
PDOMEN FICEE NS,

£3, 2V v b (d=080mm) %M\ T, Fig8Ilmd &
312 PR-EMAT #ME W 2235 A OIRIEZE(L 4 5° Bk TERl L 72,
Z OMEREFR % Fig.9 177,

Fig.9 OFERED, 0 =012V TRIES R AL 2D, +55° L
FOFHTIZ /A TV RLETIKFT5Z LR TE S, IR
&4 —6dB YA FicA 2% £25° g TH D, /L AL AL
29005 TH BT &2 6 SN oA 2 B HIC % B HiPHIE £40° F

82

FERFIEREF 654525 (2016)



RERWEHBZ K > YD SUS304 SAICH 15 X ) v MREHMEEDFHM

Slit at the bottom

S ST—

Receiver

”&x\\,

PF-EMAT at the surface Transmitter

Fig.8 Measurement setup to evaluate the effect of oblique angle of
the PF-EMAT
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Fig.9 Leaning angle dependence of echo amplitude for the d = 0.80
mm slit
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4.3.2 BB Z L OHBMOMR

PF-EMAT OFEERIZHEHEL T3 9EH 1 4 & PF-EMAT (Zfil
N7z EAEWEERR 4 40DEF 54 (Examiner 1 ~ Examiner 5
E43) T, 794V FTAMAFRIZTEZY v bORKIR
M A ~T a4 4 TRl L, HBRMEEFHIL 72, &4
D I KRR O FHHFRS SR % Table 1 12787,

ZOMRER»S, BL3FEHRBICKEEA) y 50T —
EEDIESDOEIRIRKTY 1.15dB TH Y, PREMAT 2L 5
B ERICRGEET, BOHBEMEETEIZT 5 2 & 2 AR
N3,

4.3.3 V7T bAXTOMBEOMR

PF-EMAT & FEEROMIZEE 0.lmm D7 27 YLy — %

Table 1 Maximum amplitudes measured by five examiners

Slit depth (mm)

1.45 | 0.80 | 0.50 | 0.45 | 0.20 | 0.15 | 0.05

Examiner 1 |0.447| 0.607 | 0.501 | 0.499 | 0.365 | 0.351 | 0.120

Examiner 2 | 0.440| 0.601 | 0.507 | 0.510 | 0.364 | 0.357 | 0.127

Amplitude - iner 3] 0429 0.607| 0,518 0505 0.382 | 0.360 | 0.131

(arbit. unit)
Examiner 4 | 0.434 | 0.608 | 0.502 | 0.503 | 0.382 | 0.366 | 0.133

Examiner 5| 0.431 | 0.608 | 0.525 | 0.518 | 0.383 | 0.368 | 0.137

Difference of amplitude

(dB) 0.360 | 0.100 | 0.290 | 0.320 | 0.440 | 0.410 | 1.150

Average of difference

(dB) 044
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Fig.10 Liftoff dependence of echo amplitude
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