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Abstract: Heat spots caused by standing waves in an inspected object can pose practical 12 

challenges in nondestructive inspection using ultrasonic excitation thermography. This 13 

study investigates the dominant wave mode excited during inspection and explores meth- 14 

ods to suppress heat generation caused by standing waves. Comparison of experimental 15 

results and theoretical calculations showed that the waves propagating in plate objects  16 

were dominated by the A0 mode Lamb waves. As a result, the distribution of the heat 17 

spots caused by standing waves varied depending on the frequency of the excitation wave 18 

and plate thickness. Based on these findings, we propose a suppression method that elim- 19 

inates unwanted heat spots by superimposing two Lamb waves with a phase difference 20 

that is a natural multiple of half the wavelength. 21 
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 24 

1. Introduction 25 

Ultrasound-excited thermography is a well-known non-destructive active thermog- 26 

raphy inspection technique that detects defects by measuring the frictional heat generated 27 

by ultrasonic vibrations within an object. Because of this defect detection principle, this 28 

technique is effective in detecting closed defects (cracks, weak bonds, etc.) [1–3] that are 29 

difficult to detect with other non-destructive inspection techniques. However, a signifi- 30 

cant challenge with this method is the occurrence of heat patterns caused by standing 31 

waves within the inspected object. This heat pattern could hinder the detection of defects  32 

or be misinterpreted as defects. Therefore, developing a method to suppress the un- 33 

wanted heat patterns (standing-wave heat patterns) is crucial for improving the detection 34 

accuracy of ultrasound-excited thermography. 35 

A previous study [4] showed that, during ultrasound-excited thermography inspec- 36 

tions of plate objects, the excited waves causing standing waves were dominated by the 37 

A0 mode Lamb waves. In this study, the causative waves were reinvestigated using ultra- 38 

sound at two different frequencies. Subsequently, based on the findings, a method to sup- 39 

press standing waves was explored, including an attempt to cancel them out by superim- 40 

posing two waves with opposite phases. 41 
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2. Investigation of causing waves of standing waves 1 

Waves causing standing waves during ultrasound-excited thermography were in- 2 

vestigated via experiments on poly (methyl methacrylate) (PMMA) specimens. The spec- 3 

imens were strip-shaped, with a width of 10 mm and length of 150 mm. The thicknesses 4 

(t) of the specimens were 2, 3, 5, 10, and 15 mm. Ultrasound was applied using an ultra- 5 

sonic horn positioned centrally along the length of the specimen, and surface tempera- 6 

tures during ultrasonic vibration were observed using an infrared camera (A315, FLIR). 7 

The experiments used two ultrasonic horns (HW-D250H-28 and HW-D250H-40, Nippon 8 

Avionics Co., Ltd.) with excitation frequencies  (f) of 28 and 40 kHz, respectively. 9 

Figure 1 shows the thermal images observed experimentally for t = 2, 3, and 5 mm 10 

specimens (all images were taken after 2 s of ultrasonic vibration). The heat spots observed 11 

were standing-wave heat patterns. The relationship between the distance between the 12 

heat spots and t is illustrated in Fig. 2. The results indicate that the distance between heat 13 

spots increases as t increases and is smaller when f is 40 kHz than when f is 28 kHz. In 14 

Figure 2, the theoretically estimated wavelengths of the standing waves, calculated as half 15 

the theoretical wavelengths of the A0 mode Lamb waves, are represented by dashed lines. 16 

The theoretical values also increase with increasing t, as the wavelength of the Lamb wave 17 

varies with the plate thickness. The experimentally obtained heat spot intervals closely 18 

match the theoretical values. The figure indicates that the standing-wave heat patterns 19 

result from the standing waves generated through the propagation of the A0 mode Lamb 20 

waves. 21 

3. Standing wave suppression by superposition of two waves 22 

Based on the findings in the previous section, an attempt was made to suppress 23 

standing-wave heat patterns by superimposing two Lamb waves. Figure 3 shows a two- 24 

dimensional schematic of the ultrasound-excited thermography inspection of a plate ob- 25 

ject. When ultrasounds are excited in the objects, waves propagate in both directions along 26 

the plate. Upon reaching the plate boundary (left edge in Figure 3), one wave is reflected 27 

in the opposite direction and overlaps with the other wave, generating a synthetic wave 28 

within the object. To suppress the standing-wave heat patterns, the amplitude of the syn- 29 

thetic waves must be 0. Defining the wave propagating to the right direction in Figure 3 30 

as ud(x) = Aeik(x+vt), and the wave reflected from the left edge of the object as ur(x) = 31 

eiπAeik[(x+2L)+vt], where A, k, v, and t are amplitude, wave number, wave velocity, and time,  32 

 33 

 34 

Figure 1. Experimentally obtained thermal images when specimen thickness (t) and excitation fre- 35 

quency (f) are (a) 2 mm, 28 kHz; (b) 3 mm, 28 kHz; (c) 5 mm, 28 kHz; (d) 2 mm, 40 kHz; (e) 3 mm, 36 

40 kHz; and (f) 5 mm, 40 kHz. 37 
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Figure 2. Relationship between the distance between heat spots and plate thickness (t) at ultrasound 2 

excitation frequencies (f) of 28 and 40 kHz. The dashed lines represent the wavelengths of the stand- 3 

ing waves, theoretically estimated from the wavelengths of the Lamb waves. 4 

 5 

respectively, the synthetic wave us(x) is expressed as 6 

us(x) = ud(x) + ur(x) = Aeik(x+vt) + eiπAeik[(x+2L)+vt] = Aeik(x+vt)(1 - eik2L).            (1) 7 

Because Aeik(x+vt) ≠ 0, (1 - eik2L) must be 0 for us(x) = 0. This condition is satisfied when the 8 

distance between the excitation point and the left edge of the object L = π/k, 2π/k, 3π/k, … 9 

Thus, us(x) becomes 0 when L = nλ/2 (where n and λ are natural number and wavelength, 10 

respectively).  11 

This was experimentally verified using the same PMMA specimen (t = 3 mm) de- 12 

scribed in the previous section. The theoretical wavelength of the A0 mode Lamb wave in 13 

t = 3 mm PMMA plate is 19.8 mm; thus, synthetic waves should be eliminated when L = 14 

9.9n mm. Figure 4 shows the experimental results obtained when the ultrasound excita- 15 

tion point was set to L = 49.5 mm (n = 5). The thermal image (Figure 4(a)) and temperature 16 

profile of the specimen (Figure 4(b)) indicate that although a standing-wave heat pattern 17 

is clearly observed on the left side of the excitation point, it is suppressed on the right side. 18 

This is because the two Lamb waves were superimposed on the right side, causing their 19 

amplitudes to cancel out. Therefore, these results demonstrate that standing-wave heat 20 

patterns can be suppressed by superimposing two waves with a phase difference of a nat- 21 

ural number multiplied by half the wavelength. 22 

 23 

 24 

Figure 3. Schematic illustration of ultrasound-excited thermography inspection for plate object and 25 

waves propagating in the object. 26 
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Figure 4. Experimental results obtained when excitation point from left edge of specimen is 49.5 mm 2 

(a) thermal image observed 3 s after the start of vibration; (b) temperature profile along the longitu- 3 

dinal direction of the specimen (corresponding to the lateral direction in (a)). 4 

4. Conclusions 5 

Waves that cause standing-wave heat patterns—interfering with defect detection in 6 

ultrasonic excitation thermography—were investigated at two different ultrasound fre- 7 

quencies, and a method to suppress these heat patterns was investigated. The results 8 

showed that the heat patterns in plate objects were caused by the propagation of the A0 9 

mode Lamb waves. Based on their wavelength, it was found that superimposing two 10 

Lamb waves with a phase difference equal to a natural number multiple of half the wave- 11 

length effectively suppressed the heat patterns. In this study, the waves reflected from the 12 

specimen edges were used as the superimposed waves. However, exciting ultrasound at 13 

two different positions is a practical and promising alternative. These findings suggest 14 

that the issue of standing-wave heat patterns can be mitigated by carefully arranging the 15 

ultrasound excitation positions based on the knowledge of the propagating wave behav- 16 

ior in the material. 17 

 18 
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