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Abstract 

This unintended residual stress is a critical factor in manufacturing industry, since structures designed without 

considering residual stress will cause failure, financial damage and casualties. Nowadays, X-ray diffraction (XRD) 

technique is most commonly used to measure residual stress. However, this technique takes too much time and 

uses harmful radioactive rays. To cover this weakness, acousto-elastic method is introduced, which is based on 

the fact that isotropic material changes into anisotropic when residual stress remains. In this study, surface acoustic 

wave (SAW) is used to measure the acousto-elastic effect of aluminum alloys. In this method, the precise 

measurement of the time of flight (TOF) of SAW is important. For this, a system that can control the SAW 

propagation distance and the stable SAW excitation and reception was developed. From the linear relationship 

between the stress and the velocity of SAW, the acousto-elastic coefficients were determined, and then several 

known stresses were estimated by measuring TOF. The results showed a good agreement with the actual stresses.  
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1. Introduction 

Residual stress can be occurred in a material during manufacturing process such as, forging, casting 

and welding. There are many non-destructive techniques to measure the residual stress in materials. 

XRD is usually used in the industries but the cost is expensive and the rays are harmful to human body 

[1]. To cover these weaknesses of XRD technique, an ultrasonic technique has been introduced. 

Ultrasound measurement is much faster, cheaper and most of all, harmless to people. Longitudinal 

acoustic waves is the most often used ultrasound, but when measuring the residual stress on the surface, 

surface acoustic waves are much more convenient because the energy of the ultrasonic waves is focused 

on the surface.  

When stress is applied to an isotropic material, material changes into anisotropic and by this effect, the 

ultrasonic wave velocity differs depending on the direction and amount of stress, which is so called 

acousto-elastic effect. Surface acoustic wave acoustoelasiticy was basically analyzed by Hayes and 

Rivlin [2]. Jassby and Kishoni did an experimental research on Al6061-T651 and Al2024-T351 alloy 

to derive acoustoelastic constants [3]. They also considered the temperature effect that can cause a 
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critical error in the measurement of surface wave velocity. Schneider compared axial stress 

measurement results of two methods, ultrasonics and drilling hole [4].  

In this study, the acousto-elastic effect of SAW is used to estimate the residual stress on the surface of 

aluminum alloys. In this method, the precise measurement of the time of flight (TOF) is important. For 

this, a system that can control the SAW propagation distance and the stable SAW excitation and 

reception is developed. From the linear relationship between the stress and the velocity of SAW, the 

acousto-elastic coefficients are determined, and then several known stresses are estimated by measuring 

TOF to demonstrate the validity of the presented method. 

2. Acousto-Elastic Effect of Surface Acoustic Waves 

The basic equation of acoustoelasticity for surface acoustic waves can be derived as follows: 

 撃怠 伐 撃眺撃眺 噺 計怠購怠 髪 計態購態  (1) 

 撃態 伐 撃眺撃眺 噺 計態購怠 髪 計怠購態  (2) 

撃眺 is the velocity of a surface acoustic wave in non-stressed state. 撃怠 and 撃態 are the velocities of surface 

acoustic waves at a stressed state, propagating in the parallel and perpendicular directions to the stress 

direction, respectively. 計怠 and 計態 are the acousto-elastic coefficients of a material and 購怠 and 購態 are 

the principal stresses.  

From these, the principal stresses can be calculated by: 

 購怠 噺 撃怠 伐 撃眺撃眺 筏 1計怠  (3) 

 購態 噺 撃態 伐 撃眺撃眺 筏 1計態  (4) 

Thus, after obtaining the acousto-elastic coefficients of a material experimentally, stresses can be 

estimated by measuring the velocities of surface acoustic waves.   

3. Experimental Setup 

3.1 Specimens 

Figure 1 shows two specimens of aluminum alloy with different dimensions. One is a plate with 4 mm 

thickness, 60 mm wide and 350 mm in length. The other is a block with 30 mm thickness, 60 mm wide 
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and 150 mm long. The plate specimen was used for tensile test and the block specimen was used for 

compressive test.  

 

Figure 1: Aluminum alloy block and plate specimens 

3.2 Measurement of acousto-elastic coefficients 

Acousto-elastic coefficients measurement setup is shown in Figure 2. Tensile test machine was used to 

apply tensile stress with 10 MPa step to the plate specimen. For the generation of surface acoustic waves, 

pulser-receiver 5077PR (Olympus) is used. The frequency is 2.25 MHz. For compressive test, a 

hydraulic press is used to apply compressive stress with 10 MPa step to the block specimen. Same 

pulser-receiver is used for the surface acoustic wave generation. The frequency is 2.25 MHz, same as 

in the tensile test.  

To obtain acousto-elastic coefficients, surface acoustic wave propagation direction should be parallel 

or perpendicular to the applied stress direction. Figure 3 shows the attachment of transducers with 

wedges on the plate specimen loaded by tensile stress to measure the acousto-elastic coefficient	計怠. The 

set of transducers and wedges is attached in the direction perpendicular to the tensile stress to measure 

the the acousto-elastic coefficient	計態.  

 

Figure 2: Acousto-elastic coefficients measurement setup 
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Figure 3: Set-up for the measurement of 計怠 

4. Results and Discussions 

4.1 Acousto-elastic coefficients 

Table 1 is the experimental results of acousto-elastic coefficients. The values are the average of four 

times measurements. The applied stress range in the tensile test was 0 to 180 MPa. Surface acoustic 

waves traveled a path length of 10 mm. To fix the traveling length, a customized zig was used. 

Compressive tests were conducted in the range of 0 to 50 MPa with 10 MPa step. Other settings were 

same as tensile tests.  

Specimen K怠 (1/MPa) K態 (1/MPa) 

Plate specimen 

(tensile test) 
-50.7 36.5 

Block specimen 

(compressive test) 
-114.2 183.3 

Table 1: Results of acousto-elastic coefficients 

The average value of acousto-elastic coefficient 計怠 of the plate specimen was -50.7/MPa. Acousto-

elastic coefficient 計態 have an average value of 36.5/MPa. 

Acousto-elastic coefficients 計怠, 計態	of the block specimen have average values of 113.9/MPa and 

183.3/MPa, respectively. 
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4.2 Stress estimation 

In order to demonstrate the proposed method, several known stresses are given and estimated by using 

the obtained acousto-elastic coefficients and the algorithm mentioned in section 2. Table 2 is the 

result of stress estimation. The maximum error of estimated stress in tensile test was 18.6 % and 10 % 

in compressive test. These results show a reasonable agreement with the actual stresses when 

comparing with the uncertainty of conventional XRD.  

Specimen Applied stress Estimated stress Error 

Plate specimen 

(tensile test) 

106 MPa 95.9 MPa 9.5 % 

137.9 MPa 121.7 MPa 13.1 % 

165.4 MPa 134.7 MPa 18.6 % 

Block specimen 

(compressive test) 

-20 MPa -22 MPa 10 % 

-39 MPa -42 MPa 7.14 % 

-49 MPa -51 MPa 3.9 % 

Table 2: Stress estimated results by using surface acoustic wave 

5. Conclusions 

This study proposed a method to measure the residual stress on the surface of an isotropic material using 

the acousto-elastic effect of surface acoustic wave. For the demonstration, this method was applied to 

the measurement of uni-axial stress on the aluminium alloy specimen. First, the acousto-elastic 

coefficients were obtained by measuring the velocity change rates of the surface acoustic waves 

propagating in parallel and perpendicular to the stress direction. Next, several known stresses were 

given and estimated by using the acousto-elastic coefficients and measuring the surface acoustic wave 

velocities. Results showed a reasonable agreement with the actual stresses. From these, we can conclude 

that the residual stress on the surface can be estimated by using the presented method.  
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