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ABSTRACT

This presentation discusses an determination of depth of surface crack with time domain BIEM in a
laser-ultrasonic non-destructive evaluation (NDE) problems. We use a pulsed Q-switch Nd:YAG laser
generator to produce a thermal expansion which generates elastic wave field in a test piece having
an unknown crack[1]. A laser interferometer is then used to measure normal velocities on a surface
of the test piece in laser-ultrasonic non-destructive testing.(Fig.1) We carry out an inverse problem to
determine the thermally expanded source with the measured velocimetory waveform data using Green’s
function of heat conduction problems and that of elastodynamics. With the thermally expanded source
thus determined, we can calculate the laser generated elastic wave field numerically using the time
domain BIEM. We then represent the unknown crack in the material with shape parameters and compute
the normal velocities on the surface of the test piece with BIEM. The shape parameters of the crack are
determined by a comparison between the computed waveforms and the corresponding measured data
at the measuring points.
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Figure 1: Laser-ultrasonic measurements.



In our previous study, we determine the location of an unknown surface crack with our proposal method.
However the depth of the surface crack which is the most important parameter, is not determined. This
is because that we generates Rayleigh waves having the wavelength of 3mm in the test piece having
the surface crack with the depth of 5mm. The scattered Rayleigh surface waves from the crack are then
used to the determination of the surface crack(Fig.2). In the previous study, almost all Rayleigh waves
are reflected from the surface crack because Rayleigh wave exists in the domain with the depth of the
wavelength(Fig.3).

-0.003

-0.002

-0.001

0

0.001

0.002

0.003

0.004

0 2e-06 4e-06 6e-06 8e-06 1e-05

time (sec)

ve
lo

ci
ty

(m
/s

ec
)

surface crack

YAG Laser

YAG Laser

Figure 2: The solid line: the measured velocity with no crack, the broken line: the measured velocity
with the surface crack.

In this study, we generate Rayleigh waves having the wavelength longer than the depth of the surface
crack. The waveform of the scattered Rayleigh surface waves differ with the depth parameter of the sur-
face crack in the numerical analysis. The depth parameter is then determined by a comparison between
the computed waveforms and the corresponding measured data.

We will show that we can determine the depth of the surface crack acculately using our proposal laser-
ultrasonic NDE using time domain BIEM.
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Figure 3: Rayleigh waves.
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