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Mode Characteristics Analysis of the SH-EMAT Waves
for Evaluating the Thickness Reduction

L K. Park*, Y. K. Kim"

{ Abstract J‘

In this paper, study on the mode characteristics analysis of the SH-EMAT (shear horizontal, electromagnetic acoustic
transducer) waves for evaluating the thickness reduction in plates such as corrosion and friction is presented. Non-
contact methods for ultrasonic wave generation and detection have been a great concern and highly demanded due
to their capability of wave generation and reception on surface of high temperature or on rough surface. Mode identifi-
cation of the SH-EMAT wave is carried out in an aluminum plate with thinning defects using time frequency analysis
method such as wavelet transform, compared with theoretically calculated group velocity dispersion curve. The changes
of various wave features such as the amplitude and the time-of-flight have been observed and the correlations with
the thickness reduction have been investigated. Firstly, experiments have been conducted to confirm that it is possible
to selectively generate and receive specific desired SH modes. These modes have then been analyzed to select the
parameters that are sensitive to the thickness change. The results show that the mode cutoff and the time-of-flight
changes are feasible as key parameters to evaluate the thickness reduction.
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Fig. 1 Phase velocity and group velocity dispersion cur-
ves for SH-EMAT waves in an aluminum plate
(thickness 2mm)
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Fig, 2 Experimental details of SH-EMAT system

Fig. 3 SH-EMAT and permanent magnets

375
Unit © mm
1
B
3 «——g[— 7.9%
o
=1 =
< D p 18.7%
o
- 29.5%
&)
1
1200

Fig. 4 The aluminum plate specimen geometry

200

>

3.

i

| U A

Fig. 2= 48l shte] SAUSE B71817] 98] +4
= SH-EMAT A|Ago|t}, A3 FY2 Z=ZE 9 I(lift
off)i= 0.lmm= HAsty. o g #4<] SH-EMATS 7442
251.5mmo|t}. SH-EMATS 442418 93 283t HAl/e]
Al H(Panametrics, 5800)7} AMLEQIc)

Ay A o] Qe AE 2gu HAE Juds v
AF 58 4 EMATO] BUlA SHtE HAAYI. 281
S SHul: FY8 Yejo) EMATOR p4lxlo] 2ol
L(WISAhojA] 528 & A3 E Q8 A2 LHd=a
AX(LecroyAhet SdE]o] A3 Bepst ¥ Fuke 4 5
& 8% 5 A= A5t Fig, 32 SH-EMAT Alx <}
EMATS| 4% 5 3l §7a4oltt

utgof x| ] FA MBI o5t vj3gE SHute] Hulibd 2
A2 §18) 2mm 79| Gnl wtel] 23 27] 50x50mm”
olr, ZA9] 72%, 16.7%, 29.5%7F ZAE 784S 7HAlE
AEE AFHA 714 7H3Egt Fig 4= FARSZE A
WO P A¢E Yepdck

i)

4. BE BN BM

Fig. 5t =4%] SHEMAT3S] 5133 o] &3irgd] o
3 A7l B4 A9E Yehd. o] ARERE o A
o] BE7F FAl AEI 5SS o glck pAlE

Original Signal

Amplitude[V]

Time[sec]
Wavelet

Frequency[Hz]
-
T

Time[sec]

Fig. 5 The waveform obtained by SH-EMAT and wave-
let transform results
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Fig. 6 Comparison between dispersion curve of group
velocity and the wavelet transform result
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Fig. 7 Amplitude change of a SH; mode with wavelength
3.18mm with thickness reduction
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Fig. 8 Dispersion curves of SH; wave with wavelength

4.30mm and time-of-flight change with thick-
ness reduction

) e 55k S Wt ol s }»—wwoﬂ o8] 4
AEE Also] ZIE ofare WA ek olefat §ERgstel



2]
i
&
Lot
ru]m rir

FAHSE B7ksh el W&ot SIS
wEAE 4T Faie] Uk

Fig. 72 FAH3lo] T SHy H 0] T3S tehls
Atk o] AR RE dhatute] o3t #4151 SH 229 A
ZHste ARSI AUHAE E)lslr|ol= ool
NEE ¢ % ok APt fEESY BEE ARmEd
SHy =5 A3tal IAFRESL: k7} 00] Eo] &=}
T e 249] AkEvka(Cut off frequency)E 7H
I Qlct. whebs FARStol o8 Futet T 59 f-dikol
Aol sgsls Gl HIsh HY 2ee MY 2
Aol AR Fo] gastA il I g9 HlojuA HH
WEF} AetAE REASIIL WASA g,

Fig 8& SH; RE9| 245 RAMES} Szl fa
HIAIZHLE Uehdct. Fig. 822 o|2H¢l T4E 244
=2 FA7F A5 £-d gho] Zhasto] Hup mE] &wvt
ZolET o] 4] 8 Fig. 8(b)olA FASo| S7Hs
2 529 AvjAzio] Foldhg BT 4 9ok fERETHE
Foje B A gt 7] O S5, 2 BANL 7R
At ek, ghef T} el B Asela Qe we
o] &7} HlsHA =] thEel| FAEE fegute] At
NS BRA,

Fig. 8(b)2 FAMS}o] w}g BEof AupA7kE veh
< ﬁﬂrOlE} °olE f8l 2iHde Uehlie Bl 4.30mmel
SH; REZ Adeisto] £7 Wsle] whe Antrlziaks &7st
Ak 53] 27N FARSO] 30%0|H BETF Akl
REA QX FAlo] HiAsit= AL Ad o2 30159t
oje} 22 REF X7} P olfr= 2 AFolA ol
4.30mmo| 2 f-d7} 2.17MHz- mm?l SH1 C T3}
30%E |A =9 f-d7} 1.52MHz-mmKr} Zo]x| 3L Fig. 8(a)
9] o]22)0] BAMMERHE SH, BE7} HRTAHO IS dby
3t £-dQl 1.60MHz-mmE.th A 7] o] BT oy} ut
3k gk o] ATzRH o2l BANEA T mE
o BAMIE el AatA|ZH(Time of flightyE 273w
7 95kE WS Aol 7R & 4 Yk B3 meg)
QZ o3} T Wt B TS olow Ay
S90S BRI = ik WA A FAHse) wE A}

NS B9 TR BRS B 7R Selaisi

0?~

6.2 E

s4jolu} vhme] S5t FARES WA 4 Qs HYEA

202

2 STHAHSHEMAT)IS Adab|9fet AaelTan
GEESTY BAHES} YolERATL o] 43} AZh-Fa}
2 N Ao] )] EAMSIe] 12 SHEMATS} 259 5
4o AB4oR B Ase b Pt

o|E2HQ] BAMES} Hlwdt AY AgH o2 SH-EMAT
sjo] RES £+ 4408 4 952 BIsigon, ks 9
& fEaLT} REY YEHsie SAsol] JuuAE
Faazlole of&ol ol FAMUSE Bk drtEE
AR g & 5 UG 22 2EY] EAbgef ot

BEAOT YL ol §3iH B4 SAolie) FANUE 3
7R A0] 7K Aoleh ek 1l5 £ s o
o SPSE Akl MSks o BES] BAAS et
Y o) 24el B RE do] Zissn AR
s S WS WA Wz QlRbe] St
o % 93l

el L™
T}J]\\_

=
=
0]

o

o _11)1.
2

4
32

=k
=

I

(1) Thompson, R. B., 1973, “A Model for the Electro-
magnetic Generation and Detection of Rayleigh and
Lamb Waves,” IEEE Trans. on Sonics and Ultraso-
nics, SU-20, pp. 340~346.

(2) Maxfield, B. W. and Fortunko, C. M., 1983, “Design
and Use of Electromagnetic Acoustic Wave Trans-
ducers(EMATS),” Materials Evaluation, Vol. 41, No.
12, pp. 1399~1408.

(3) Maxfield, B. W., Kuramoto, A., and Hulbert, J. K.,
“‘Evaluating EMAT Designs for Selected Applications’,
Materials Evaluation, Vol. 45, No. 10, pp. 1166~1183.

(4) Hirao, M. and Ogi, H., 2003, EMAT5 for Science and
Industry Noncontacting Ultrasonic Measurements,
Kluwer Academic Publisher, USA.

(5) Rose, J. L. and Barshinger, J., 1998, “Using Ultraso-
nic Guided Wave Mode Cutoff for corrosion Detec-
tion and classification,” IEEE Ultrasonics Symposium,
pp. 851~854.

(6) Tuzzeo, D. and Lanza di Scalea, F., 2001, “Noncon-
tact Air-Coupled Guided Wave Ultrasonics for De-
tection of Thinning Defects in Aluminum Plates,”
Res. Nondestructive Evaluation, Vol. 13, No. 2, pp.
61~77.



=ZE7IAIEE K| Vol19 No.2 2010. 4.

r‘gk

(7) Park, 1. K. and Ahn, H. K., 2001, “Time-Frequency {9 Park, L. K., Kim, H. M., Kim, Y. K., and Cho, Y. S,,
Analysis of Lamb wave mode,” Journal of the KSMIE, 2006, “Ultrasonic Guided Wave Mode Identification
Vol. 10, No. 1, pp. 133~140. in Pipe by Using Air-coupled Transducer and Time

(8) Park, I. K., 2003, “Guided Wave Mode Identifica- Frequency Analysis,” Key Engineering Materials,
tion Using Wavelet Transform,” Journal of the KSMTE, Vols. 321-323, pp. 804~807.

Vol. 12, No. 5, pp. 94~100.

203



