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Abstract  

The measurement of velocity of ultrasound propagation and spectral characteristics of the received 

scattered pulses in steel samples cut out of a pipeline that has been exploited during a long time 

period have been carried out. The correlation between the velocity of ultrasound propagation and 

the degree of degradation of mechanical properties of the material is established.  
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Main oil pipeline is one of the examples of objects exploiting in cyclic loading conditions. 

The main changes that are happen with the material of the pipeline usually associated 

with a change in the density of dislocations [1]. The utilization over the lifetime of the 

most grades of pipe steel is resulted in the significant changes of the dislocation 

structure. The data about the changes of the density of dislocations in pipe steel of main 

oil pipelines that are happen during their usage is shown in the Table 1.  

The results in the table were obtained with the help of electron microscopy.   

Table 1. Changes in the density of dislocations in pipe steel [1] 

Steel grade  

  

Working 

lifespan year  

 The density of 

dislocations, cm-2  

 in perlite  in ferrit  

17GS  

  

  

  

Initial state   12,4  8,1  

12   13,1  13,4  

19   17,8  19,0  

29   30,9  31,4  

14HGS  

  

  

  

Initial state   12,0  6,9  

12   14,9  7,2  

24   16,2  14,3  

30   16,8  16,7  
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When the density of dislocations are over the certain value, the various dislocation 

mechanisms of microcracks formation start activating.  

The microcracks can appear when the dislocation cross the slipbands, during the 

accumulating the boundary dislocations in a row. Hereafter such microcracks can turn 

to large cracks that poses threat for exploiting pipelines.  

Thus the identification of high density areas of dislocations in steels for building main oil 

pipelines with the help of NDT is of practical importance.   

For studying the characteristics for ultrasound propagation, hardware and software suite 

“Astron” [2] was used. It is designed to generate and receive acoustic impulses as well 

as it has the capabilities for measuring their characteristics and conducting spectrum 

analysis. The scheme of the device id the following (Fig. 1).  

 

Fig. 1 The scheme of experimental assembly 

Basic pulse produced by the generator of electrical pulses is applied to the block 

formation and amplification. After amplification the electrical pulse, it is converted and 

supplied to piezoelectric converter that starts generating elastic vibrations at the 

selfresonant frequency. In order the plate generate the limited number of impulses, it is 

damped. Thus, the vibrations generated by the plate gradually fade, but manage to 

excite elastic vibrations of the surface of the studying material, which are then distributed 

in the interior of the material. Further, the pulses reach the boundaries of the sample, 

they are reflected and sent back where they cross with the surface of piezoelectric-

crystal plate they are converted into an electrical signal and fed to the display and 

analysis. The device allows you to see the reflected signals, which makes it possible to 

estimate the amount of attenuation. In addition, the device allows a high precision 

measurement of time intervals between the reflected ultrasonic pulses, what makes it 

possible, knowing the thickness of the test sample, to determine the velocity of 

propagation of elastic waves in it. Also, the device has a built-in program for the analysis 

of the spectral characteristics of the received signals. Thus, this device allows the entire 

set of studies of acoustic signals.  

With the help of “Astron”, the experiment was conducted to study the characteristics of 

the propagation of ultrasound in four samples cut from the pipeline being for a long time 
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in operation. All samples were made of steel 09G2FB. Physical and mechanical 

characteristics of the samples are listed in the Table. 2.  

Table 2. Physical and mechanical characteristics of the samples  

# of the 

sample  

The limit of 

macroelasticity  

MPa  

Yield limit  

MPa  

Conclusions by the results 

of metallography  

2  336  454  Normal state  

10  195-236*  377-415*  Highly weakened state  

16  234  413  Weakened state  

18  259-308*  371-433*  Slightly weakened state  

* - the data was obtained by the results of several experiments.  

During the experiment the velocity of propagation of ultrasound was measured and the 

spectral characteristics of the reflected pulses were received. For the experiment used 

a sensor of longitudinal waves with the central frequency of spectrum 6 MHz.  

Measurements of the thickness of the samples were made with a micrometer. 

Measurement inaccuracy was related mainly to the precision of detection of the sample 

thickness and was about 20 m/s.  

The results of the measurement of ultrasound velocity propagation are shown in Fig. 2.  

 

Fig. 2 The velocity of ultrasound propagation in samples 

From the Fig. 2 it follows that with account of measurement inaccuracy the velocity of 

ultrasound propagation in samples #18 and #2 is approximately the same. In samples 

16 and 10 the value of ultrasound velocity propagation is anomalously high – more than 

6000 m/s.  

In accordance with the theoretical model proposed in [3, 4], increasing the velocity of 

propagation of ultrasound in the material indicates an increase in the dislocation density 

in the material. The obtained experimental results support this hypothesis. A comparison 
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of the experimental data with the real properties of the samples is hampered by large 

spread of information regarding the macroelasticity limit and yield strength of samples 

10 and 18. However, averaging the physical and mechanical properties of the samples 

shown in Table. 2, the samples can be arranged in descending order of their original 

characteristics as follows: a sample 2, further sample 18, then, with almost equal 

characteristics, samples 10 and 16. This arrangement substantially corresponds to the 

order obtained by measuring the velocity of the samples. This may serve as 

a confirmation that measure the velocity of ultrasound propagation in the material can 

serve as a basis for the evaluation of physical and mechanical properties of objects, in 

which the main changes occurring in the course of its utilization are caused by the 

change in the density of dislocations. During the experiment the spectral characteristics 

of the reflected signal was obtained as well (Fig. 3).  

 
Fig. 3 The examples of received signals spectra: (a) sample 2, (b) sample 10, (c) sample 16, 

 (d) sample 18  

It is easy to see that the spectrum of the signal in the sample #2 substantially different 

from the spectra of the signals from three other samples; spectra of signals in the 

samples #18 and #16 look quite similar; spectrum of the signal in the sample is similar 

to the spectra of signals #10 samples #18 and #16, but has additional harmonic 

undetected on other samples.  

By analysing the results of experiments, it can be noted that, despite the limited nature 

of the data, the results are in good agreement with the assumptions made in [3, 4] 

to describe the propagation of elastic longitudinal waves in solids with dislocations.  
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