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Nondestructive Material Characterization with Laser Ultrasound

Novio Suzuki, Hirvoyuki Takamatsu, Akio Aral, Satoshi Yanay, Takeo Ocawa and Masaru AxamaTsu

Synopsis :

Laser ultrasonic techniques are attractive for in line characterization of material, because they can transmit and recieve
ultrasound with fully non-contact condition to the target. Especially, the system, using Fabry-Perot interferometer, is
widely studied because of its apllicability to the evaluation of the rough surface material and its wide-band detectability.

In this paper, the detectability of the vibration and the characteristics of laser generated ultrasound are investigated

with constructed laser ultrasonic system, using Fabry-Perot interferometer.

And grain size of thin steel plates are

evaluated from the frequency spectra of the attenuation constant of laser ultrasound.

It is proved that the vibration on the rough surface can be detected with this system, and the grain size of thin steel
plates can be measured with faily good accuracy, but pre-processing of the signal is needed, such as the selection of
the orders of the deformation free multiple echos and low-cut filtering.

Key words : material evaluation ;

attenuation coefficient.
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Fig. 1. Excitation system of laser ultrasound.
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Fig. 2. Detection system of laser ultrasound using
Fabry-Perot interferometer.
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Table 1. Samples.

TP. No Grain size Thickness Remarks
(pm) (mm)
T1 17.5 6 Carbon Steel
T2 55.5 6 Carbon Steel
T3 74.8 6 Carbon Steel
T4 91.0 6 Carbon Steel
T5 112.8 6 Carbon Steel
U1 20.0 2 Carbon Steel
U2 50.0 2 Carbon Steel
U3 53.0 2 Carbon Steel
S1 — 3 Martensitic SUS
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Fig. 3. Detected vibration signal for thin sample.
Sample: Ul YAG-laser beam diameter : 2mm
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Fig. 5. Detected vibration signals for smooth and
rough surface samples.
Sample: S1 YAG-laser beam diameter : 2 mm

pm (T4) DR % WE L 12K 2R T, Fig. 3D 2 mmD
WMOBACHE L T, RIROBERIERY N3, %
ERHG T2 L DEROYVEEC LI LG5, %12,
Fig.4 ®B0.5, B1.5%D£HERKE~a—D KRS 3 F L IE
KE2HORBCOCTHERT 5 &, FHRREIKE K
BTIEBl. 5 2 — DK FEHET, 72, BR»W 7 u—F
RIEBGE, INLCOESEIEBITL THEGREY
KRETRT HETRHET 5,

Fig. 5 {22 ABR A S10O8E & oMm o LT, QlE LIckER
PRt. BEOBACHE L THETIXS/NPETFL TW
529, RROZERE = a—%+RINTE 5 2 Ldigy
3, HECEHT A LIZX 3S/NOIERTFOER IR, EHE
TOBELIZ L 2 ASRBDOETTHY, it b vl
Hi#% 3 L PHBIERD 7 4 XHFEFE R - T 5,50MHzD
NABY I TANEEANBILILLY, 24X
wEING, LL, 7277V TFEFHD7 4 FARA(F vy
7527 Mz & B REEREL R T 5 BE AN T 5 H)
5, TWFH~DOASRDEEOENIZ X VK TFT 54, S/
N»ZETFT 5,

LIF RS BROFET— R 2T, $EIC LICRBRA
THRILTF L, v—FBEFIET O MEDRIE 1)
AESRALBEDBREZEML T3,

52 HRAFEORRE

WEPE A, ZERF =2 —DEZIZIIFig 3 1IR3
Na ki, Te—FNrikEghhBEallans, ft-T, &%
FHINTC 3, AFEOL£ERY a2 — 27— 221,
BHOLZERGT T 2 —DFFTHRZ AV TIREE DRI
BURFEE 2R, SARERPEET 2 LIEETDH 5,

148

1.0
B0.5

B1.
05  B2s

-0.5¢

" Detected signal (V)
(=]

-1.0k
0.0

* N * -6
3.0 4.0 5.0 6.0x10
Time(sec)

1.0 2.0

Fig. 6. Filtered signal for thin sample.
Sample : Ul Filter : low-cut (cut-off; 2 MHz)

30
20}
10}

BO.5

B1.5 B2.5

Detected signal (V)
o

20|

-30
0.0

3.0 4.0 5.0 6.0x10°®

Time(sec)

1.0 2.0

Fig. 7. Filtered signal for thick sample.
Sample: T4 Filter : low-cut(cut-off ; 2 MHz)
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