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Abstract: 
 

Recently, ultrasound has found extensive applications in various areas such as industry, 

medicine, and agriculture. This paper introduces a method of determining the thickness, 

speed of propagation of ultrasound in metal, and the modulus of elasticity for selected 

metals by ultrasound. The determination of these properties was done with the NDT 

USM25 ultrasonic flaw detector by Krautkramer. For this purpose, straight beam 

contact transducer and angle beam transducers (60o) were used. The presented method 

offers a practical and reliable way of measuring thickness and other properties of metal 

and metal alloys. 

 

 

1. Introduction 
 

Sound presents mechanical waves that propagate 

through all physical mediums (gaseous, liquid, and 

solid). One of the main physical characteristics of 

sound is frequency. Sound with a frequency greater 

than 20kHz represents ultrasound. Such waves, the 

human ear does not hear [1]. Ultrasound is 

produced and detected using an ultrasound 

transducer, which can send an ultrasound to detect 

the sound afterward and convert it to an electrical 

signal that is then diagnosed [2]. A transducer is a 

piezoelectric crystal, which is connected to an 

alternating current. The alternating current flowing 

through the transducer causes it to vibrate at high 

speed and produce ultrasound. This conversion of 

electrical energy to mechanical energy is known as 

the piezoelectric effect. Whereas, when ultrasound 

falls on the piezoelectric crystal (transducer), in this 

case, a conversion of mechanical energy into an 

electrical one will be produced.  

If the ultrasound wave falls on the boundary 

separating two mediums that are distinguished by 

their density and speed of propagation, part of the 

energy is reflected, while the rest passes to the 

second medium. The part of the energy that 

penetrates the medium (material) is interesting to 

consider and can be used to investigate possible 

defects in the material. The part of the reflected 

wave is determined by the reflection coefficient, 

𝑅 =  
𝑍2−𝑍1

𝑍2+𝑍1
  , while the part of the penetrated wave 

depends on the penetration coefficient, where  𝑍 =
𝜌 ∙ 𝑐   represents the acoustic impedance, ρ-density 

of the medium and c-speed of sound in the given  

medium [3,4]. 

Now, acoustic methods, not only in medicine but 

also in materials science are known for determining 

and investigating some of their physical properties 

and quantities [5-8]. In this study, our goal was to 

use the acoustic method to determine some of the 

physical sizes of steel and aluminum samples. 
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2. Experimental details 
 

For the experimental investigation, we used the 

USM25-Krautmer ultrasound device, figure 1. The 

physical quantities we determined were: the 

thickness and the speed of sound propagation for 

steel and aluminum samples, and the modulus of 

elasticity for an aluminum sample. 

 

 
 

Figure 1. USM25 ultrasound device. 

 

Calibration of the device for a normal transducer is 

done with block k1, whereas for the angle 

transducer (600) block k2 is used [9]. Calibration 

parameters were:  display range 𝐷𝑟 = 100𝑚𝑚, 

scale factor  𝑘 =
𝐷𝑟

10
= 10

𝑚𝑚

𝑠𝑐𝑎𝑙𝑒 𝑔𝑟𝑎𝑑.
 

andlongitudinal, respectively transversal ultrasound 

speed in blocks k1 and k2 (are produced from pure 

steels),  𝑐𝑙 = 5920
𝑚

𝑠
 and 𝑐𝑡 = 3255

𝑚

𝑠
 . 

 

3. Results and Discussions 
 

To determine the thickness 𝑑 of the steel plates, we 

used the expression  sj = kTj, where sj is the sound 

path (equivalent to the thickness of the material), k 

is scale factor, and  Tj is scale position or the echo 

coordinate at the time axis [9], table 1. 

 
Table 1.The thicknesses of some steel plates. 

 

𝐷𝑟(𝑚𝑚) 100 100 100 100 100 

𝑘 =
𝑚𝑚

𝑠𝑐𝑎𝑙𝑒 𝑔𝑟𝑎𝑑.
 

10 10 10 10 10 

𝑇𝑗(s) 1.8 2.2 4.5 2.6 3.7 

𝑑 = 𝑠𝑗 = 𝑘𝑇𝑗(𝑚𝑚) 18 22 45 26 37 

 

In the following, table 2, we present the results of 

measuring the thickness of the steel plates 

according to the multi echo method. 

 
Table 2.The thickness of the steel plates measured 

according to multiple echoes. 

 
𝐷𝑟(𝑚𝑚) 200 200 200 200 

𝑘 =
𝑚𝑚

𝑠𝑐𝑎𝑙𝑒𝑔𝑟𝑎𝑑.
 

20 20 20 20 

𝑇𝑗(s) 6.3 5.1 3.8 2.5 

n-order of echoes 5 4 3 2 

𝑠𝑗 = 𝑘𝑇𝑗 126 102 76 50 

𝑑 =
𝑠𝑗

𝑛
(𝑚𝑚) 

25.2 25.5 25.3 25.0 

 

Whereas, thickness of aluminum plates can be 

determined by the expression, 

 

𝑑𝐴𝑙 =
𝑐𝐴𝑙

𝑐𝑙
𝑘𝑇𝑗             (1) 

 

where 𝑐𝑙 = 5920
𝑚

𝑠
 and  𝑐𝐴𝑙 = 6300

𝑚

𝑠
 is the speed 

of ultrasound propagation in steel, respectively in 

aluminum. Measurement results are shown in table 

3: 

 
Table 3.The thickness of aluminum plate 

 
𝐷𝑟(𝑚𝑚) 100 100 100 100 

𝑘 =
𝑚𝑚

𝑠𝑐𝑎𝑙𝑒𝑔𝑟𝑎𝑑.
 

10 10 10 10 

𝑇𝑗(s) 0.8 1.7 2.4 3.8 

𝑑𝐴𝑙 =
𝑐𝐴𝑙

𝑐𝑙

𝑘𝑇𝑗(𝑚𝑚) 
8.51 18.09 25.54 40.43 

 

Then, we took the example to calculate the speed of 

ultrasound propagation in steel, respectively 

aluminum plates. In advance we have measured the 

thickness of the plates with a VarnierCalliper. 

From the expression for the thickness of the 

material, equation 1, we can conclude that the 

speed of ultrasound propagation in aluminum 𝑐𝐴𝑙 

respectively steel 𝑐𝑆,  

 

cAl =
dAl

kTj
cl               (2) 

 

cS =
dS

kTj
cl               (3) 

The aluminum plates had these thicknesses 16mm 

and 7.5mm, while the steel plate had the thickness 

27mm. We have presented the speed of propagation 

of ultrasound in the two materials in table 4 (last 

column). 

Knowing the speed of ultrasound propagation in 

aluminum (equation 2), we can also determine the 

modulus of elasticity for aluminum. The modulus 

of elasticity can be calculated according to the 

expression [10],   

 

E = 4ρ
4

3
cl

2−ct
2

𝑐𝑙
2

𝑐𝑡
2−1

     (4) 
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Table 4.The propagation speed of ultrasound by 

aluminum and steel. 

𝐷𝑟(𝑚𝑚) 100 100 100 

𝑘 =
𝑚𝑚

𝑠𝑐𝑎𝑙𝑒𝑔𝑟𝑎𝑑.
 

10 10 10 

𝑇𝑗(s) 1.5 0.7 2. 

𝑐𝑆(𝑚 𝑠⁄ ) 5920 5920 5920 

𝑑𝐴𝑙;𝑆(𝑚𝑚) 16 7.5 27 

𝑐𝐴𝑙;𝑆(𝑚 𝑠⁄ ) 6314.6 6342 5920 

 

It is known to be approximately valid, 𝑐𝑡 ≅
1

2
𝑐𝑙, 

from where for the module E, we are able to 

get: 𝐸 ≅
2

3
𝜌𝑐𝑙

2 

 

From table 4, for speed𝑐𝑙 we get 6314.6 m/s, while 

the density of aluminum is 𝜌 = 2700
𝑘𝑔

𝑚3, from 

which, finally, for the module of elasticity of 

aluminum we get: 

 

E ≅
2

3
ρcl

2 = 7.16 ∙ 1010 N

m2         (5) 

This value is comparable to the tabular one  E =

6.9 ∙ 1010 N

m2[11] 

 

4. Conclusions 

 

 With ultrasound method we can determine some 

physical sizes of materials. 

 It is an elegant method and easy to apply. 

 With the comparison method, we can determine 

the thickness of the material and the speed of 

ultrasound propagation in a given material. 

 Once we have determined the speed of 

transverse wave and taking the perforationct =
1

2
cl , we can calculate the modulus of elasticity 

of the material. 
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