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Quantitative Measurement of Ultrasonic Velocity Using Lamb wave Image by the
Sensitive Tint Method

Kazuhiko IMANO*

Quantitative measurements of ultrasonic velocity is tried from an ultrasonic image data obtained by the strobe
photo-elastic method incorporating the sensitive tint method. Lamb wave lunched in the glass around 2 MHz is
imaged by the strobe photo elastic method introducing sensitive tint method. Ultrasonic wave field image that
were processed with integration, subtraction and normalization was obtained to develop the contrast of image. In
the sensitive tint image, the sound pressure polarity of the Lamb wave are indicated by red and blue,
respectively. Using RGB data of S1 and Al images, phase velocity versus frequency is analyzed to the
wavenumber by the FFT to obtain the ultrasonic Lamb wave velocity. The agreement between the experiment
and the analysis result revealed that this method can quantitatively measure the ultrasonic Lamb wave velocity.
Keywords : Strobe photo elastic method, Sensitive tint method, Ultrasonic sound imaging, Wavenumber

analysis, Phase velocity
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Fig.1 Strobe photoelastic imaging system introducing sensitive tint method.
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(b) Strobe photoelastic and sensitive tint method

Fig.2 Comparison of photo elastic image and sensitive tint
image of S1 mode Lamb wave.
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(a) Truncated sensitive tint image from Fig. 3 (d) (upper) and
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Fig.4 Waveform of light signal of SI Lamb wave from
sensitive tint image (a) and its spectrum of 1/4 (b).
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L7zbDThHE. ZOWE, 155 OIRIED R O O HRIE
O+, FORIEO — WS L Tw5b. K (a) E#BICIE Fig.
3(d) OWGSENT L 72885 (e Lo Ko P iik) %40 1
S512bDERLTVE, ZOREBET7—) ZEHWLZD DN
Fig.4(b)Th 5. HMOBEIZ 1/A Z/RLTWE. ZORHDY
— 2713 1/A=534m N iZH Y, 1=1873x10 m 25N 5.

AW PR S AT 2 MHz D¥fy, MR v, 1%, 0,=A=2X%
10°%1.873%103=3745m/s £ 70, LA ) — - F A lER?

LEME SN B HEEE 3740 m/s & 1FIF—H L TWV5. [k
DOFNETRE W% 1.5~25 MHz O#PHTEAL S ¢4 T
WA Z KD S, 72, AL E— FIZOWTH L SV
% 49° ICZ 2 CHBROFECTHAHEE I RO D, Zofho
E=FIZOWTH L SVOMEZEZ TRINICHFEDE—F
T 52 L ICX o THMOFEAEMTE 2 2 & 2l L
TWw5h.

Fig.5 36l LTSI BX WAL E— FIZ2WT, 1.5~25
MHz O#EPHTHAHEE ZRKD b D TH 5. M oFEFITE
HETHY, AL@IFFNEFNSIBLU AL E—FiZonT
OWEMETH 5. TORENS, WRT— 5 »5KD72 Lamb
W DAL HE 1 ﬁﬁm&mkmﬁfél%uW®#fﬁb%
N, W RE MR L 2005 MR 2 CRIICRD 2 2 t#f%
BT ENDbhD. $ﬁ&fu<évmﬁﬁ% SABT LI
WSO%iUAOtwotEKi%—FLmKT,%,AZ
S3, A3 7% &® Lamb M ONMAMEEREIZ B VT [ ULHEET
THARD SN TV

4. bW

IR Y A T A=W EREZBIN L THML s X7 4L
LT, ERIRHTFICL > TH I AHIZ 2MHz IO BE W% %
HEP L, CMOS &1 A5 TH I AWNERO T PARM BN T X
5T ExRL EHICHEGREKEDOT— 5 2 HwT, K
(1/0) DIFENT %3 5 Z £ 12X 5T Lamb J& O fLAH B E A3 5E
BN RO BN D T e RR Lz %, AR5 0% 20
AT o TR LAZIRIEE D 53R SN D)%, AFiL Tl 7207
BRI EGZERAL PO ERIICINEFEITTE S LWV FIT

Journal of the Imaging Society of Japan Vol.57 No.5 (2018) (13)



528

AP BB TR X B T O Lamb WAl (57> & 885 Wd B o> % #FHI

V5.

A1k, AT TV WHE OB RALE BRI 5 2 A
WHIET 52 L%, RGBREFD GO F— 7 MIDOEEIZ 0
EBL T LI L o THMBMOM (—WER) ZHME LR RE O
VAT AEHCTERISTE S VAT MBI E 0.

B

AWF721% JSPS B2 (JP16K06376) OBk % Zi 723 @

<7

Iy

2)

3)

4)

5)

6)

(14)

=

=z

Z X ®

R. Yamazaki and M. Miura, “Structure analysis by photoelas-
tic experiments,” Nikkan Kougyou Sinbunsha, Tokyo, pp. 35—
42 (1997) [in Japanesel].

E. Umesaki, “Stress Distribution Measurement Techniques
Using Photoelasticity : Current Status and Future Prospects,”
The Japan Society of Precision Engineering, 79, pp. 607-608
(2013) [in Japanese].

K. Yamamoto, “Optical Visualization of Ultrasonic Waves:
The Schlieren Technique, the Fresnel Method, the Photoelas-
tic Method and the Sensitive Tint Visualization Method
Applied to See Acoustic Fields,” Technical Report of The
Institute of Electronics, Information and Communication
Engineers, US2012-25, pp. 29-34 (2012) [in Japanese]

H.U. Li and K. Negishi, “Visualization of Lamb mode patterns
in a glass plate,” Ultrasonics, 32, pp. 243-248 (1994).

K. Negishi and H.U. Li, “Strobo-Photoelastic Visualization of
Lamb Waves with Negative Group Velocity Propagation on a
Glass Plate,” Japanese Journal of Applied Physics, 35, Pt. 1, pp.
3175-3176 (1996).

K. Nishimiya, K. Mizutani, N. Wakatsuki, T. Ebihara, and K.

7)

8)

9)

10)

11)

12)

Yamamoto, “Visualization of Mode Conversion of Lamb-Type
Waves in Glass Plates Using Pulsed Light Source,” Japanese
Journal of Applied Physics, 48, 07GC06 (2009).

K. Yamamoto, K. Nishimiya, N. Wakatsuki, and K. Mizutani,
“Optical visualization of coupling modes of leaky Lamb waves
with negative group velocity in the solid/fluid/solid trilayer,”
Acoustic Science & Technique, 31, pp. 185-187 (2010).

Y. Hosaka and K. Imano, “Visualization of Ultrasonic Wave
Propagation in Solid by the Sensitive Tint Method,” Journal of
the Imaging Society of Japan, 54, pp. 416-420 (2015).

Y. Hosaka and K. Imano, “Sensitive Tint Visualization of A2
Mode Lamb Waves,” International Journal of Materials
Engineering for Resources, 28, pp. 19-24 (2017).

Y. Hosaka and K. Imano, “Sensitive tint visualization system
for Lamb waves propagation in a glass plate,” Acoustic
Science & Technique, 38, pp. 165-167 (2017).

T. Kishi, “Utilization Technology of Strain Detector,” NEW
GLASS TECHNOLOGY, 5, pp. 47-62, (1986) [in Japanesel].
B.A. Auld, “Acoustic Fields and Waves in Solids,” Vol. II ,
Chap. 10, John Wiley & Sons, New York, pp. 76-80 (1973).

S ME

1979 4K R AASE LA FR 7 T4 & 2438,
1979 4EF KRBT, 1997 4R [FlR LA A=
BAET TR, BUEICES. O,
F& L THEWRN, BEERT /S 200
WHEH. WL (0747). 1986 4F H A G #AR
EREE AR EZE. HAEESS, GHll

HEpflHEs, BB AuBE%s, MR
#1% 4, IEEE, ASA, HAW AL LI

.

A {5 2

57 %&

#5575 (2018)



