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Abstract

The method to evaluate the thickness of coated film in steel from backside was investigated
in order to apply it to the coal coking in plant pipe. Acoustic emission-ultrasonic testing or AE-
UT technique was developed using laser based ultrasonic testing method.  Ultrasound in coated
specimen was generated by Nd:YAG pulse laser and detected by He-Ne laser interferometer.
There were large amplitude signal and small one in experiment.  Small signal was identified to
be an ultrasound in steel specimen by considering the wave velocity.  Wave propagation in
coated specimen was also simulated by dynamic finite element method and waveform was ana-
lyzed by fast Fourier transfer method.  In this experiment generated wave was due to thermal
mode by comparing with detected signal and simulated waveform.  It was also demonstrated
from both experiment and simulation that this non-contact AE-UT technique was effective to
evaluate coated film.
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1. Introduction

Coking is a phenomenon that carbon stacks inside of plant pipe.  This coking causes the loss
of pressure in pipe and often brings about the stop of operation in plant.  Also it gives rise to cor-
rosion inside of pipe, creep rapture and breaking of pipe due to the increase of temperature inside
of pipe.  It becomes important to establish the inspection method to quantitatively measure the
thickness of coking outside of pipe.  A contact type AE-UT (acoustic emission-ultrasonic testing)
method has been used to predict a thickness of coated film, but it is difficult to apply this tech-
nique to coking problem at elevated temperature because a PZT transducer is used in this
method.  Also this method is not so quantitative to evaluate the thickness of coated film.  Re-
cently non-contact type laser based ultrasonic technique has been developed to investigate mate-
rials properties and flaws under severe environment or at elevated temperature [1-9].  Also AE
signals were successfully detected in several materials tests [10-12].  The purpose of this paper is
to establish the non-contact AE-UT method, consists of pulse laser for ultrasonic generation and
non-contact detection of simulated AE by laser interferometer, and wave propagation is also
simulated by finite element method to quantitatively evaluate the thickness of coking using.

2. Experimental Procedures

Specimens
Stainless (SUS304) plate of 200 by 200 by 5 mm was used for experiments, shown in Fig. 1.

Incident point of pulse laser and measuring point by laser interferometer are on a line and also
shown in this figure, and the distance between these points were varied to investigate the effect
of wave propagation.  Simulated coking was made of silicon or polymer rubber with several
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thicknesses and 40 mm width.  Coated surface was opposite to the both incident and measuring

points.

Fig. 1  Geometry of sample with silicon rubber coating, and incident point of laser beam and

measured point of surface velocity.

Measuring system

Ultrasound was generated by pulse laser (Nd:YAG, New Wave Research Co.) and wave ve-

locity in the normal direction to the surface was measured by laser interferometer (AT3500,

Graphtec Corp.).  Waveform was recorded using AE analyzer (DCM-120, JT Tohshi Co.).  The

block diagram of measuring system was shown in Fig. 2.  Spectrum in frequency domain by fast

Fourier transform (FFT) was compared with the thickness of coated film to quantitatively predict

the thickness.  Propagated waveforms in the plates with and without coated film were recorded

and analyzed in frequency domain, by varying the distance between input point of pulse laser

and output point of laser interferometer.

Wave simulation

Preprocessor eta-FEMB and FEM code (LS-DYNA 3D, Livermore Software Technology)

were used to simulate a wave propagation in coated plate with several conditions of specimen

size, coated thickness, input/output points, materials properties such as density, Poison’s ratio

and Young’s modulus, and with some input pulse time function and input mode.  Waveform of

surface velocity in the normal direction to the surface at the measuring point corresponding to

the experimental setup was calculated.  Coated thickness was predicted by comparing the de-

tected waveform with simulated waveform.
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Fig. 2  Schematic diagram of laser AE-UT measuring system.

Fig. 3  Effect of incident mode on simulated waveform and experimental one.

3. Results and Discussion

Incidence mode of pulse laser

There are two modes of thermal stress and ablation in the case of generation of elastic wave

by the incidence of pulse laser into materials.  These modes have different mechanism in the

generation of elastic wave.  Simulated waveforms with two incidence modes were compared

with the detected waveforms by laser interferometer in order to ensure the effectiveness of this

simulation and decide the incidence power of laser pulse, shown in Fig. 3.  This figure shows

that ultrasound was generated nearly in thermal stress mode.  Waveforms were calculated with

several conditions such as incidence time function and incidence mode for ultrasound generation.

Optimal simulation conditions were obtained by comparing with the detected ones.

Visualization of wave propagation

Figure 4 shows an example of visualized wave propagation in the normal velocity to the sur
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face, where thermal stress mode was selected as incident condition and coated thickness was

0.75 mm.  The left and right side of figure show the results of measuring and coated surface, re-

spectively.  It was clearly observed that coated film causes the turbulence in waveform.

Fig. 4  Visualization of wave propagation in coated sample.

FFT analysis in simulated waveforms

The results of simulated waveforms were shown in Fig. 5, where the distance between inci-

dent and measured points was 50 mm and the coated thickness was selected as 0, 0.25 0.50 and

0.75 mm.  Arrival of longitudinal wave and the following transverse and surface waves were

clearly observed from the figure.

Normalized spectra in frequency domain after FFT were shown in Fig. 6 as a function of

coated thickness.  The profile around 110 kHz was extended and the difference of power was

plotted as a function of coated thickness.  Spectra of coated specimen demonstrated the different

profile of non-coated ones.  It was suggested that this properties was used to quantitatively pre-

dict the coated thickness.

FFT analysis in detected waveforms

Figure 7 shows the measured waveforms in the specimens with the coated thickness of 0,

0.41, 0.63 and 0.84 mm.  The effect of coated thickness on frequency spectra was also observed

in the detected waveforms by laser based AE-UT method, shown in Fig. 8.  The similar effect of

coated thickness on the difference of power was also found.  It demonstrates that this non-contact

laser based AE-UT method was effective to predict the coated thickness.

4. Conclusions

1. Simulation of wave propagation by FEM and FFT analysis in the coated plate demonstrates

that the laser AE-UT method is effective to predict the coated thickness in steel plate.
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2. The measured waveform by laser interferometer was compared with the simulated one, and

the generation of ultrasound by the pulse laser in this experiment was identified to be nearly

in thermal stress mode.

3. The frequency analysis in the simulated coated specimens is in good agreement with the

wave propagation result, and it was demonstrated that the non-contact laser AE-UT method

was effective to predict the coking thickness in plant pipe.

Fig. 5  Simulated waveforms of samples with coating thickness of 0, 0.24, 0.50 and 0.75 mm..
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Fig. 6  Results of FFT analysis of simulated waveforms, and relation between power loss and

coating thickness.

Fig. 7  Measured waveforms of samples

with coating thickness of 0.0, 0.41, 0.63 and

0.84 mm.
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Fig. 8  Results of FFT analysis of measured waveforms, and relation between power loss and

coating thickness.


