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ABSTRACT: This study presented the principle of defect imaging technique from a remote location and
its experimental results. The experimental system consists of a fiber laser for generating narrow band
burst waves and a laser Doppler vibrometer for detecting flexural vibration in a plate-like structure.
Because a defect image can be obtained at an extremely high speed using the system, we call this Ecamera. The experimental results showed that defect images for aluminum alloy plate and pipe with
complex geometries can be obtained in the measurements from the distances about 2.3 meters and 6.0
meters.

1 INTRODUCTION
Thin walled large structures are widely used for pipes, bridges, wings and body of aircrafts, and automobile
bodies. To maintain such large structures, in addition to visual inspection, non-destructive testing with X-ray and
ultrasonic is periodically implemented for essential parts. In ultrasonic non-destructive testing, ultrasonic pulse
echo technique is generally used, in which plate thickness is measured using a contact ultrasonic transducer by the
flight time of pulse echo signal. Although the conventional widely-used technique is reliable and highly accurate
in thickness measurements, it is not suitable to inspect whole areas of large structures due to its small
measurement area underneath a transducer.
Guided wave inspection has been considered recently as an effective inspection technique for such large platelike structures. Guided waves are ultrasonic modes propagating along such waveguides as plates, pipes, bars, and
railway rails. Guided wave inspection has been highly expected as an efficient technique for long range
inspection. However, there still have some issues, one of which is that defect echoes cannot be obtained for a
defect in a desired size due to the use of low -frequency range for long-range propagation.
Therefore, the authors have developed defect imaging for plate-like structures using a scanning laser source
technique [1-3]. Because the imaging technique is established with a non-contact and fast measurement and has a
potential to be a very easy imaging technique like optical and infrared cameras, we call it E-camera. This paper
describes the principle of defect imaging with E-camera first and introduces some results of the defect imaging.

2 PRINCIPLE OF DEFECT IMAGING WITH E-CAMERA
In E-camera, a pulse fibre laser and a laser Doppler vibromater (LDV) are used for generating elastic waves
and for detecting the waves, respectively. The laser source of elastic wave is rastered by galvano mirror scanners
and then distributions of an amplitude peak or a Fourier spectrum peak are obtained from the waveforms at all
rastering points. Then a phenomenon that generation energy of flexural vibration is enhanced when a laser source
is located on a defect or in the vicinity of a defect was observed and distributions of the vibration energy
correspond to a defect image. The authors analysed the energy enhancement using semi-analytical finite element
calculations and normal mode expansion theory [1, 3]. Figure 1 shows the schematic figure of the principle: (a)
for a plate with a widely spread defect like erosion and corrosion and (b) for a plate with a non-volume crack
stretching in the thickness direction. In (a), when the laser beam is irradiated on an intact thick area, small flexural
vibration is generated. On the other hand, if the laser source is located at a thin defected area, the detected signals
at the LDV become large. It is shown in ref. [1] that this phenomenon appears at the frequency range below the
cut-off frequency of A1 mode. In (b), if laser beam is irradiated in the vicinity of a reflective object like a crack,
the interaction of a pair of evanescent waves from the laser source and the reflection object generates extra
vibration energy. On the other hand, if the laser source locates far from the reflection object, the interaction of the
evanescent waves becomes small and the energy enhancement cannot be seen. The energy enhancement caused by
the interaction of evanescent modes was discussed in ref. [3].
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Figure 1 Principle of defect imaging with E-camera.

3 EXPERIMENTAL SET-UP
Figure 2 shows experimental set-up used in this study. A fiber laser was used for generating elastic wave
instead of an Nd: YAG laser that is generally used for elastic wave generation. The fiber laser equipment can
radiate laser pulses at a high repetition rate and the laser pulses can be controlled by modulation signals provided
to the laser equipment. In this study, narrowband burst waves were generate using a fiber laser with external
modulation signals in order to improve signal to noise ratio (SNR) in the frequency domain. Using the high
repetition fiber laser in the scanning laser source technique, surface damage by laser radiation can be avoided as
well as the improvement of SNR.
The elastic waves generated by the laser radiation propagated through various paths in the plate-like structure
and were detected by the LDV. An appropriate band-path filter and Fourier transform were performed to the
received signals in a personal computer, and then frequency peak distributions were obtained. Here, modulation
signals consisting of three rectangular signals at three different frequencies were used, and three distributions
were obtained for the frequency bands. Then, spurious images were reduced by taking the average of the three
distributions [2].
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Figure 2 Experimental set-up
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4 RESULTS
Figures 3 (a) - (c) show defect images obtained by laser irradiation over the region of 80 mm ¬ 80 mm
behind the artificial defect at 1 mm increment, and the plate specimen used is illustrated in (d). Schematic figures
of modulation signals used are also shown. The distance between the test plate and the experimental system was
about 2.3 m. (a) is a defect image for the modulation signals at the repetition rate of 200 Hz (the time interval of 5
ms). The modulation signals consisted of three rectangular waves with the time duration of 1 ms connecting in
series. The defect image was an averaged distribution of the three distributions at three frequency bands. The
measurement time resulted in about 33 s (=5 ms (200 Hz) × 81 × 81).
Increasing the repetition rate provides shorter measurement time. (b) and (c) are defect images for the
repetition rates of 600 Hz and 1000 Hz, respectively. Although the measurement time became about (b) 11 s and
(c) 6.6 s, the images were more largely distorted at the higher repetition rate. Two reasons can be considered in
the image distortions. The first one is reduction of SNR. Increasing the repetition rate resulted in the use of shorter
time duration of the modulation signals, which caused the reduction of SNR in frequency range. The second one
is the superposition of waves at previous steps on the wave at the current step. Because waves generated at the
previous steps cannot be reduced sufficiently in the short time interval of modulation signals, reverberations in a
plate were received by the LDV. For example, the vertical lines in (b) and (c) near the left edge were caused by
the waves generated at the right side.
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Figure 3 Images of an artificial defect in a plate at different repetition rates.
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Next, Figures 4 (a)-(c) show the images for an aluminum alloy branch pipe for different receiving points as in
Figure 4 (d). The distance between the measurement system and the branch pipe was about 6.0 m. Rastering at the
repetition rate of 80 Hz and in 2 mm increment resulted in the measurement time of about 12 minutes. The
artificial pipe thinning was appeared in dark regions, which proved that the E-camera can visualize defects in such
a pipe with complex geometries.
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Figure 4 Images of a branch pipe for different receiving points.

5 SUMMERY
This study described the principle of E-camera that enables to obtain defect images from a remote position,
and then presented experimental results for a plate and a branch pipe. In both cases, artificial defects created on
the back surface of a laser emission region were well visualized.
Because this technique does not require scanning a receiving laser, the measurements for defect imaging are
relatively easy once a receiving point is determined. Therefore automatic inspection and fast imaging like optical
camera are expected in the future.
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