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Annotation. Miniaturization of technical products is one of the driving forces for the development of high-tech systems. The article considers 

the most well-known method of determining microdefects of microwelded joints - the method of ultrasonic flaw detection. It is known that 
microdefects weaken the cross-section of the micro-seam, reduce its strength and are stress concentrators. A dynamic computer model of 

ultrasound propagation in microwelded welds of metal containing defects of micrometric size of various shapes filled with gas (most often, 

air) was created. For ultrasonic control, oscillations with a frequency of 0.5 MHz and a direct transducer emitting longitudinal waves 
perpendicular to the contact surface into the welded joint were used. On the basis of results of computer modeling the regularity of 

sensitivity of measurement of microdefects from parameters of the ultrasonic microdefectoscope which with a high degree correlates with 
experimentally received data is revealed. 
KEY WORDS: MINIATURIZATION, UNBRAKABLE CONTROL, WELD, MICRODEFECT, ULTRASONIC FLAW DETECTION, 

MICRODEFECTOSCOPE, DIRECT PIEZOELECTRIC TRANSDUCER, COMPUTER MODELLING. 

 

Introduction 
At present, special attention is paid to the introduction of 

automated methods for quality control of welded joints. A special 

program has been developed and is being implemented to introduce 
modern methods and means of non-destructive testing (NDT) into 

welding production. The traditional methods of control are also 
being further developed: radiation, ultrasonic, magnetic and 

capillary flaw detection [1]. 

Ultrasonic testing is an examination that is able to identify 
in the shortest possible time: 

 wear of products, 
 surface or internal defects of metals and alloys, 

 the quality of the product or individual weld. 
As you know, ultrasonic flaw detection is based on the 

property of ultrasonic waves directed to propagate in media and 
reflect from their boundaries or discontinuities (defects), which 

have a different acoustic resistance [2]. In practice, the quality 

control of welded joints is mainly used by the echo-pulse method 
(echo-location method), which consists in “sounding” the welded 

joint with short ultrasound pulses 1 and recording echo signals 2 
(Fig. 1, a, b). and 3 (Fig. 1, b), reflected from the lower surface of 

the part and the defect to the receiver. An indication of the presence 
of a defect in the welded joint is the appearance of an echo signal 3 

on the flaw detector screen. In some cases, it is advisable to carry 

out control using the shadow method (Fig. 1, в).  

 
Fig. 1 Schemes of passage of short ultrasonic pulses with 

echo-pulse (a, b) and shadow (в, г) methods of testing welded 
joints: 

a, в - in the absence of a defect, b, г - in the presence of a 
defect, 1 - short ultrasound pulse, 2, 3 - echo signals, 4 - signal with 

reduced amplitude, Г - probe pulse generator, П - receiver 
 

When using it, a sign of the presence of defects is a decrease 

in the amplitude of signal 4 (Fig. 1, г) 
The main advantages of ultrasonic flaw detection include 

the high sensitivity of the method, the mobility of the equipment, 
and the efficiency in obtaining results. The method is widely used in 

industry to detect such defects as cracks, lack of penetration, slag 

and other inclusions in welded seams with a size of 1….28000 mm. 
 

Formulation of the problem 
Traditionally, ultrasonic testing of welded joints is carried 

out in the range from 0.5 to 10 MHz. Specialists can detect a large 
number of different defects, usually with sizes from units to tens of 

micrometers in metal products and whole building structures. In 

some cases, ultrasonic testing of welded seams is performed by 
pulses with a frequency of up to 20 MHz. 

The main advantages of ultrasonic inspection: 
a) safety for personnel - ultrasonic waves, unlike X-rays, do 

not harm the person who is monitoring; 
b) the possibility of using the methodology at existing 

facilities, while they do not need to be decommissioned; 
c) mobility, modern ultrasonic flaw detectors are portable, 

they can be used where necessary, the devices do not take up much 

space and are relatively light in weight; 
d) no risk of damage to the investigated object - products are 

not destroyed during control; 
  The disadvantages of ultrasonic testing (especially when 

controlling products of microsystem technology) include: 
a) the impossibility of obtaining the exact dimensions of the 

defects. Defects of the same size and shape, filled with slag and air, 

are capable of reflecting pulses in different ways. Because of this, 
critical errors can occur during control; 

b) the complexity of the analysis of small parts of small 
(micrometric) thickness. Also, the procedure for controlling seams 

on objects of complex shapes with curved geometry becomes more 
complicated; 

c) the need for the preparation of metal surfaces - before control, it 
is necessary to clean products from organic and inorganic 

contaminants of various origins [3]; 

d) the difficulty of studying metals with high grain size, as well as 
composite materials of complex structure. This is due to the 

structural features of such materials to "jam" ultrasound; 
e) the need to use a special contact compound in the controlled 

area to ensure optimal acoustic contact. 
The microstructure of the weld and the heat-affected zone 

largely determines the properties of welded joints and characterizes 
their quality. Microstructure defects include the following: increased 

content of oxides and various non-metallic inclusions, micropores 

and microcracks, coarse grain, overheating, metal burnout, etc. [4]. 
Thus, there is a problem of determining microdefects in 

welding seams by the ultrasonic method in the technology of 
manufacturing microsystem equipment devices. Elimination of this 

problem by structural improvements of the high-precision method is 
currently not possible. Therefore, a rational solution to the problem 

of determining microdefects with high resolution in welded seams 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

32 YEAR XV, ISSUE 1 , P.P. 32-33 (2021)

mailto:kisiltetyana@ukr.net


of microsystem technology products is to carry out computer 
simulation of the ultrasonic process. 

 

Solution to the problem 
As you know, computer modeling is a method for solving 

the problem of analyzing or synthesizing a complex system based 

on the use of its computer model [5].  
The authors proposed to create a dynamic computer model 

of the propagation of ultrasound in microwelded joints of metal 
samples in the presence of defects of various sizes and different 

origins. On the basis of this model, the determination of the 

regularity of the sensitivity of measuring a microdefect on the 
parameters of an ultrasonic microdefectoscope is carried out. 

SimNDT software was used for simulation. The NDT 
ultrasonic simulator with a motor core based on the elastodynamic 

finite integration (EFIT) technique of solid media is designed to 
simulate the propagation of ultrasonic waves in a 2D homogeneous 

medium for viscoelastic and elastic materials.  

A steel specimen 100х100 mm and the presence of many 

round defects with radii R=2.5 mm and 0.1 mm in it were 

considered. The filling material for defects is air. Ultrasonic testing 

was carried out at a frequency of 3 MHz using a direct ultrasonic 

transducer, Figs. 2, 3. A steel specimen 100х100 mm and the 

presence of many defects of various shapes, sizes and depths in it 

were also considered. The filling material for defects is water. 

Ultrasonic testing was carried out at a frequency of 3 MHz using a 

direct ultrasonic transducer, Fig. 2, 3. 

Analyzing the results of computer simulation of ultrasonic 

scanning of microdefects of welded seams (Fig. 2 and 3), the 

following regularities of the accuracy of determining the location of 

microdefects, depending on their size, have been established. 

 
Fig. 2 Visualization of the process of propagation of ultrasonic 

waves (a) and the graph of the dependence of the amplitude on time 
(b) (defect size R = 2.5 mm and 0.1 mm) 

 
 

So, in fig. 2 shows such a regularity for a spherical defect 

with a radius of R = 2.5 mm and 0.1 mm. As can be seen from the 

image of the visualization of the propagation of ultrasonic waves 

(Fig. 2), the defects have a distinct shape and location. 

At the same time, visualization of the process of 

propagation of ultrasonic waves (Fig. 3) for defects of various 
shapes, sizes and depths of occurrence gives, in addition to the main 

image (corresponding to an excited signal, Fig. 3), an additional 
echo image. Such an echo image carries false information about the 

nature of the defects in ultrasound. 
 

 

 
 

Fig. 3. Visualization of the process of propagation of 

ultrasonic waves (a) and the graph of the dependence of the 

amplitude on time (b) (defects of various shapes) 
 

Conclusion 

Thus, it has been shown that ultrasonic testing of welded 

seams allows, without destroying the weld itself, to identify such 
internal defects as: cracks, gas and slag inclusions, lack of 

penetration, etc. 

The main disadvantages of methods for searching for 
microdefects in welded joints are established, including 

cumbersomeness, elongation in time, destructibility of the seam in 
the process of detecting a defect, the impossibility of accurately 

determining the depth of occurrence of defects, etc. 
  A dynamic computer model of the propagation of 

ultrasound in microwelded seams of metal samples in the presence 

of defects of various sizes in them is created, on the basis of which 
the regularities of the sensitivity of measuring such microdefects 

from the parameters of an ultrasonic microdefectoscope are 
revealed, showing the impossibility of determining microdefects 

with sizes less than 100 mm in welded seams of solid materials. 
This proves the need for a fundamental improvement of the 

ultrasound method, by means of the interference of acoustic 
ultrasonic waves of the main and echo signals at the assumed 

boundaries of defects, which makes it possible to increase the 

accuracy and resolution of determining the location of the shape and 
size of microdefects. 
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