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TECHNOLOGY OF ULTRASONIC CONTROL OF FILLING OF UNDER 
COUPLING SPACE OF COUPLING ON MAIN  PIPELINE 

Introduction. Problem statement: the complexity of support the tightness of the under coupling space with the 

strengthening of pipelines with small and medium-diameter by using of a coupling with filling. Research objective: 

Development of technology for controlling the filling of the under coupling space by using ultrasonic non-

destructive testing methods. Methods of implementation: control of filling of under coupling space of the coupling 

by using of ultrasonic methods of non-destructive testing. Research results: The technology of control of filling 

coupling, which are used for repairing defective spots of the active pipeline, is proposed. Conclusions: the proposed 

method allows to increase the effectiveness of the control of the couplings filling, thereby improving the quality of 

pipeline repairs. 
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ABSTRACT 

The method of repair with the use of a coupling metal structure for restoring 

the bearing capacity of main pipelines, which has been active for a long time, was 

widely used. The coupling is mounted on the defective spot, and the under 

coupling space is sealed and filled under pressure by a self-hardening mass. In this 

case, the stresses in the walls of the pipe and the coupling are equalized [1,2]. 

Parameters of the process of filling the under coupling space determine the quality 

of all coupling repairs and require precise control. 

 

PROBLEM STATEMENT: 

The purpose of the article is to develop a technology for controlling the filling 

of the under coupling space of a coupling with a filling by ultrasonic methods of 

non-destructive testing. 

 

RESEARCH RESULTS 

In the case of filling the under coupling space of steel couplings with a self-

hardening mass on an epoxy or polyurethane basis [1, 2, 3], as well as with a low-

melting (for example, lead, tin or their alloys), the parameters of the formation of a 

sub-layer layer can be controlled by ultrasonic method. Taking into account the 

high temperature of the repair structure during the work with the use of molten 

metal, determined by its melting temperature, the use of the most common 

piezoelectric transducers is associated with certain difficulties (limited temperature 

ranges, complexity or inability to control contaminated surfaces) [4]. Therefore, as 

an emitter and receiver of ultrasonic vibrations in this case, it is proposed to use an 

electromagnetic converter (EMAT). 

To solve this problem, it is necessary to determine the characteristic 

differences in the signal obtained by probing the sections of the clutch with a 

continuous under coupling layer and the sections containing air bubbles or foreign 

inclusions (for example, the liquid remaining after the hydraulic testing of the 

coupling [3]). This task can be effectively solved by using the echo method. 

In the simplest case, an ultrasonic wave excited in the upper layer of the 

coupling shell by using of an EMAT or a PET is introduced perpendicular to the 
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boundary of the shell and the under coupling space (Fig. 1). If there is air in the 

under coupling space, the steel-air boundary can be equated to the vacuum 

boundary, since gaseous substances have extremely low sound resistance in 

comparison with steel. For air 
36 /100004,0 msHZ  , so at the steel-air boundary 

the reflection coefficient differs only by 
5102   [5]. As the result, with sufficient 

accuracy for practice, we can assume that the wave does not pass such a boundary 

and returns to the medium. A pulse detached from the boundary can be easily 

registered by the EMAT connected to the input of the recording system. 

 
Fig. 1 Controlling of the formation of the under coupling layer 

ultrasonic echo method 

1 - coupling shell, 2 - reinforced tube, 3 – under coupling layer, 

4 - ultrasound sensors, 5 - air bubble, 6 - ultrasonic wave 

If the controlled area of the under coupling space is filled with a self-

hardening substance on an epoxy or polyurethane base [3] or a molten metal (for 

example, tin or lead), then the nature of the wave transmission changing, since part 

of the wave will propagate into the under coupling layer and from there to the 

pipes body. 

Considering that the introduction of a plane ultrasonic wave perpendicular to 

the boundary is observe, the reflected and transmitted waves will propagate in the 

same way perpendicular to this boundary. 

Taking into account the small depth of the under coupling space, limited by 

the height of the stringer bead of the longitudinal  and girth welds, which 

according to the current regulatory documents should not exceed 3 mm, it is 

possible to distinguish three typical variants of the formation of the under coupling 

layer (Fig. 2) 

The change in sound pressure in an ultrasonic wave that has transmitted a 

certain l  distance in a homogeneous medium is described by an exponential 

equation as: 
lepp 

0
, (4.1.16) 

where: p - the sound pressure at the output of the section with the l length of 

a homogeneous material, 0
p  - the sound pressure at the beginning of the section, 

  - the attenuation coefficient. 

Thus, the sound pressure of the wave passing through section 1 (coupling) at 

the boundary 1-3 will decrease to a value 
MMepp  

011  where M
  - is the 

attenuation coefficient of the coupling material. Wave passed through the boundary 

of 1-3 will create a sound pressure 1131
pDp  , which will decrease to a value, 



СЕКЦІЯ №3  КОМП’ЮТЕРНО-ІНТЕГРОВАНІ ТЕХНОЛОГІЇ ВИРОБНИЦТВА ПРИЛАДІВ. ОБРОБКА МЕТАЛІВ І 
МЕТАЛОЗНАВСТВО 

242 

where is the attenuation coefficient of the material of the under coupling space at 

the boundary 3-2. 

So, the sound pressure will change at the media boundaries and decrease as it 

spreads in the materials of the layers. 

If we neglect attenuation in the layers and limit ourselves to consider only the 

main maxima, we can distinguish four main characteristic echo-pulses, based on 

the analysis of which we can judge the quality of the formation of the under 

coupling layer (Fig. 2). 

 
Fig. 2 Formation of characteristic echo-pulses 

0 - air, 1 - coupling shell, 2 - strengthened pipe, 

3 – under coupling layer, 4 - transported product; 

The figure shows: I - the echo-pulse reflected from the interface, the 

coupling-under coupling layer, II - the echo-pulse reflected from the inner 

boundary of the under coupling layer, III - the echo-pulse reflected from the 

boundary of the under coupling layer-pipe, IV - echo-pulse , the pipe-transported 

product reflected from the boundary. 

The data for calculating the acoustic pressure produced by characteristic echo 

pulses for different variants of the formation of the under coupling layer are 

presented in the form of graphical diagrams (Fig. 3). 

The obtained data allow us to conclude that the ultrasonic method can be used 

to control the quality of the formation of a under coupling layer from both a liquid 

compound and a molten metal. At the same time, it should be noted that its 

application to control the process of filling the under coupling space with a 

compound is associated with difficulties in isolating the useful signal against the 

background of multiple reflections of the ultrasonic wave from the walls of the 

coupling shell, which in this case is noise. This question requires a correct  

schematic design of the ultrasonic device. 

 
Fig. 3 Sound pressure generated by characteristic echo pulses 
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The quality control of the formation of the under coupling layer from the 

molten metal should not cause difficulties because of the simplicity in recording 

the clearly expressed signals characterizing the state of the under coupling space. 

In the case of measurements on the echo impulse having the maximum amplitude, 

the EMA-thickness indicator will allow obtaining reliable information on the state 

of the under coupling space. To generate an ultrasonic wave in the wall of a 

coupling having a high temperature, an alternative method can be used that does 

not require the use of external magnets. 

 

CONCLUSIONS 

The analysis of the possibility of using the ultrasonic method of 

nondestructive quality control of the filling of the under coupling space with self-

hardening matter showed a theoretical possibility control the filling of the under 

coupling space of the well-bonded coupling with both the compound filling of the 

under coupling space and the filling with molten metal. 

Further research is planned to be carried out in the direction of development 

of quality control procedures for the installation of multi-section couplings, 

development of techniques for monitoring the feed of pipeline sections. 
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