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ULTRASONIC WAVE GENERATION BY LASERS ON DIFFERENT 

METAL SURFACES 

S. E. Kruger and M. Lord 

Industrial Materials Institute, National Research Council of Canada, Boucherville, Quebec, 

J4B 6Y4, Canada 

ABSTRACT. Ultrasonic wave generation by short pulsed laser is revisited in this paper with new 

experimental work. The generation laser pulse is fiber delivered and a virtually uniform intensity 

spot is obtained. Ultrasonic pulse strength versus laser pulse energy is obtained for various aluminum 

and steel surface conditions. To have a better reproducibility, the sample moves after each 

measurement in order to have a fresh surface for each laser shot. Results show a strong effect of the 

surface condition. Special attention is paid to the frequency dependence of the generated ultrasonic 

waves for different laser intensities. The problem of the optimum spot size for a given laser pulse 

energy is also discussed. 
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INTRODUCTION 

The laser-ultrasonic technique has been widely used for inspection of metallic 

materials, both in laboratory [1-2] and on-line in industry [3]. The efficiency of lasers to 

generate ultrasonic waves in the thermoelastic regime on metal surfaces is very low due to 

the very shallow penetration of light. Consequently, many practical applications on metals 

operate in the ablation regime. Two key issues on the use of the ablation regime are the 

generation efficiency and surface damage. Ablation damage can be critical for some 

applications but fully acceptable for others and in this paper the later case is assumed. The 

generation efficiency is a complex issue that depends strongly on the laser wavelength, 

pulse duration and surface condition, among others. Quantitative studies on ultrasonic 

generation by lasers have shown a rapid amplitude increase of the generated ultrasonic 

displacement when the laser intensity reaches the ablation regime [4-8]. It is also observed 

in some studies, a saturation and even a decrease of the ultrasonic displacement for very 

high laser intensities [4-7]. Although, many papers have proposed models for the 

generation in the thermoelastic regime, theoretical studies on the ablation regime are less 

numerous, probably due the complex physics related to the plasma formation and 

expansion. Discrepancies found between theoretical and experimental results are larger for 

the ablation regime than for the thermoelastic regime. 

CP894, Review of Quantitative Nondestructive Evaluation Vol. 26, ed. by D. O. Thompson and D. E. Chimenti 
2007 American Institute of Physics 978-0-7354-0399-4/07/S23.00 

209 

Downloaded 05 Jul 2010 to 132.246.232.2. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/proceedings/cpcr.jsp

81.70.Cv
http://dx.doi.org/10.1063/1.2717975


In this paper, new experimental work on ultrasonic generation by lasers is 

presented. The aim of this experimental work was to determine quantitatively the optimal 

conditions for fiber-delivered laser generation in production line. Ultrasonic pulse strength 

versus laser pulse energy is presented for various aluminum and steel surface conditions. 

Special attention is paid to the frequency dependence of the generated ultrasonic waves for 

different laser intensities and the problem of the optimum spot size for a given laser pulse 

energy. 

EXPERIMENTAL SETUP 

Tests are performed on samples under five different surface conditions. Samples of 

steel about 11 mm thick are considered with as machined, grinded (# 320) and painted 

(sprayed dark blue) surface conditions. A steel sample 8 mm thick was heated to about 

1000 °C in air to create a thin oxide layer on the surface. Also, a 12 mm thick sample of 

aluminum was mirror polished. 

In order to have a uniform laser spot at the sample surface, a fiber delivered 

configuration was implemented. Figure 1 shows the experimental setup. A Q-switched 

Nd:YAG, 1064 nm, laser of pulse duration of 10 ns is used for the generation. An optical 

attenuator is introduced between the generation laser and the fiber injection, to allow the 

delivery of different laser intensities with the same pulse profile. The fiber is about 20 m 

long with a core diameter of 1 mm and a nominal numerical aperture of 0.16. The optical 

setup to image the fiber end in the sample consists of a simple two plano-convex lenses 

configuration. This configuration produces uniform generation spots as illustrated in Figure 

2 by the ablated area on the sample surface. The generation laser spot diameter is of about 

640 urn. 

photodetector 

FIGURE 1. Optical configuration of the experimental setup. 
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FIGURE 2. Ablation mark on a machined steel surface. 

The sample moves during measurements as to provide a fresh surface for each laser 

shot and the reported results are averages of 20 measurements. The detection is done by a 

long pulse Nd:YAG laser on the opposite side of the sample. A confocal Fabry-Perot 

interferometer in the reflection configuration is used to demodulate the signals. 

RESULTS 

Figure 3 shows the detected ultrasonic pulses for various laser pulse energies in a 

machined steel sample. A rapid increase of the ultrasonic amplitude is observed, starting 

with a virtually not detectable signal for a 7 mJ laser pulse to a sizeable signal for a 10 mJ 

laser pulse. Figure 4 shows the peak-to-peak ultrasonic pulse amplitude dependence on 

laser intensity for two steel surfaces conditions. Although some differences in the low 

intensity regime are present, the responses to laser generation with machined and grinded 

surface conditions are very similar. There is a rapid increase of the detected ultrasonic 

amplitude for laser intensities above 200 MW/cm . Above about 600 MW/cm , this 

increase becomes less abrupt, but no saturation or decrease is observed up to the maximum 

tested intensity of about 1900 MW/cm . Figure 5 shows the evolution of generated 

ultrasonic frequency components for the case of the machined surface. It is noticeable that 

for low frequencies, there is a significant increase of the generated ultrasonic amplitude 

even for high laser intensities, while for high frequencies, the generated ultrasonic 

component tends to saturate above about 600 MW/cm . Notice that the detection system 

used, based on a confocal Fabry-Perot interferometer in the reflection configuration and 

coupled to the system electronics has a frequency dependent sensitivity, with a lower 

sensitivity for frequencies below 10 MHz. Therefore, the amplitude levels in Figure 5 

rather reflect the particular detection system used. The relative evolution of the amplitude 

versus laser intensity for a given frequency is more significant. 
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FIGURE 3. Detected ultrasonic pulses for different generation energies for a 0.64 mm laser spot diameter. 

Pulses were delayed in time for sake of clarity. 
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FIGURE 4. Detected ultrasonic pulse peak-to-peak amplitude versus generation laser intensity for two steel 

surface conditions. 
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FIGURE 5. Detected ultrasonic amplitude for different frequencies versus generation laser intensity, for a 

machined steel surface. 

Figure 6 shows the effect of a thin coating on the evolution of the amplitude versus 

laser intensity. The painted surface shows much stronger generation efficiency over all 

intensities while the oxided surface shows a markedly high efficiency for low laser 

intensities. Compared to a machined surface, the onset of the high efficiency regime occurs 

at laser intensities about one order of magnitude lower than for coated surfaces. 
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FIGURE 6. Detected ultrasonic peak-to-peak amplitude versus generation laser intensity for different steel 

surface conditions. 
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FIGURE 7. Detected ultrasonic peak-to-peak amplitude versus generation laser intensity for steel and 

aluminium samples. 

Figure 7 shows the generation efficiency for aluminum and steel samples. The laser 

generation on aluminum is shown to be always more efficient in aluminum than in steel, 

but has a similar behavior as a function of laser intensity. 

DISCUSSION 

The main differences between the results presented in this paper and previous works 

from the literature are attributed to the use of a uniform intensity spot, a constant spot size 

and a fresh surface for each laser shot. Since direct laser beams do not have a uniform 

distribution of intensity and hot spots are a commonplace, it is difficult to obtain an 

accurate measure of generation efficiency with such a configuration. For example, the 

ablation threshold can be attained for low pulse energies in the hot spots, while other 

regions of the generation laser spot will only reach the threshold at much higher energies. 

The use of a fibered configuration, on the other side, can provide uniform spots and allows 

the determination of a generation efficiency curve that does not depend on the laser beam 

quality. Also, the constant spot size assures that the acoustic diffraction will be the same for 

all laser intensities. 

Many previous studies have chosen to change the spot size to vary the laser 

intensity, but did not take into account the effect of the spot size on the generated acoustic 

field. For example, in the far field approximation, the detected acoustic amplitude is 

proportional to the area of a uniform generation spot. For the same energy of the laser 

pulse, a small spot size gives high laser intensity and consequently high generation 

efficiency, but the generated acoustic field has high divergence, resulting in a weak 

detected signal. In the other side, large spots provide low generation efficiency but the 

acoustic beam has low divergence. The effect of the spot size is probably one of the reasons 

why many previous studies have found a decrease of the generated ultrasonic amplitude for 

high laser intensities by reducing the spot size. This decrease has been often interpreted as 

the result of a shielding of the laser light by the formed plasma. Present work has not found 

significant decrease on the ultrasonic amplitude for high laser intensity but sometimes 

saturation, especially for high frequencies. The curves of laser generation efficiency 
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obtained by changing the spot sizes without further corrections for the acoustic field are not 

quantitatively correct. However, they are very easy to produce and have a very practical 

importance. These curves are a simple way to determine the spot size that for a given laser 

will provide maximum ultrasonic amplitude. But the curves obtained with a constant spot 

size, like those presented in this paper, can also be used to obtain the optimum spot size by 

introducing the acoustic diffraction correction. With the far field approximation, efficiency 

curves like those in Figure 4 can be used to plot the ultrasonic displacement for a given 

pulse energy as a function of the spot size, as shown in Figure 8. The optimum spot size 

could then be easily determined. This approach is preferred because the generation 

efficiency curves obtained for different surface conditions are more universal and can be 

used to evaluate various experimental configurations. 

The surface condition after a high energy laser shot usually changes and subsequent 

shots in the same location could have a different response. For this reason, the present 

results are obtained while moving the sample in order to avoid superposition of consecutive 

shots. Consequently, these generation efficiency curves are especially useful for 

applications where test object is moving. 

Results obtained show the major influence of the surface condition. While the 

surface roughness does not seem to be important (grinded or machined), an oxided or a 

painted surface will have a major impact. Also in aluminum, the generation efficiency is 

noticeably higher than in steel. The effect of the laser intensity in the frequency content of 

the generated ultrasonic pulse is also demonstrated. The physical origin of this effect is not 

clear but could be related to the shielding of the laser light by the plasma produced. After 

the formation of the plasma, much of the laser energy would be absorbed by the plasma. 

This additional heating would contribute to a supplementary ultrasonic generation during 

the expansion of the plasma, but this mechanism could favor only low ultrasonic 

frequencies. 
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FIGURE 8. Generated ultrasonic amplitude versus the spot size for pulse energy of 65 mJ on a machined 

steel surface. 
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CONCLUSION 

The experimental results presented in this paper for laser generation efficiency of 

ultrasound using a uniform intensity spot offer a significant contribution to the 

understanding of the problem as well as quantitative information for the design of a fiber 

delivered laser-ultrasonic system. It is shown that the optimization of the spot size should 

take into account of generation efficiency and acoustic factors. Also, material surface 

conditions are shown to be a key factor for generation efficiency. The frequency content of 

generated ultrasonic signals is shown to depend on the generation laser intensity. 
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