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DIAGNOSTICS OF MECHANICAL ENGINEERING 

PRODUCTS ON SEVERAL GROUNDS 
С.В. Ковалевський, О.С. Ковалевська, А.С. Поставничий. Діагностика виробів машинобудування за кількома ознаками. У статті 

було розглянуто методи неруйнівного контролю, що засновані на різних фізичних законах і явищах. Розглянуто можливість створення 
нового актуального інструменту для отримання широкого спектру даних виробів машинобудування таких, як форма, розміри та 
розташування у просторі. Запропоновано використовувати звукову діагностику з застосуванням високочастотного широкосмугового 
сигналу для зняття частотних характеристик об’єкту. Метою дослідження є розробка методики безконтактного виміру виробів 
машинобудування за кількома ознаками. За допомогою віброакустичної діагностики та використанням методу контроля за кількісною 
ознакою було зроблено розподілення всього об’єму виробів 100 шт. на дві партії : основну и контрольну, знято кількісні параметри кожної 
одиниці виробу. За допомогою генератора частот подавався сигнал від 0 до 20000 Гц. Частотна характеристика кожного зразка фіксувалася 
у програмі Spectrum Analiyser. Оцінка відхилення розмірів виробу та його частотного спектру проведено у програмному забезпеченні 
NeuroPro 0.25. Створена нейронна мережа дозволяє в режимі реального часу прогнозувати значення декількох кількісних ознак незалежно 
від їх природи. Отримана працююча моделі збору статистичних даних для ефективної роботи нейронної мережі. Розроблена методика 
дозволяє виявляти конфігурацію виробів на основі непрямих вимірювань, через частотний спектр. Дану методику можливо 
використовувати для діагностики деталей за геометричними ознаками, фізичними властивостями, дефектами. Для цього необхідно 
збільшення вхідних даних для навчання нейронної мережі. При достатній виборці деталей з різними дефектами нейрона мережа за 
акустично частотними характеристиками зможе поділяти деталі на групи гідних і негідних за різними ознаками. 

Ключові слова: неруйнівний контроль, нейронна мережа, діагностика, частотний спектр 

S. Kovalevskyy, O. Kovalevska, A. Postavnichyi. Diagnostics of mechanical engineering products on several grounds. The article 
considers methods of non-destructive testing based on various physical laws and phenomena. The possibility of creating a new topical tool for 
obtaining a wide range of data of mechanical engineering products such as shape, size and location in space is considered. It is proposed to use 
sound diagnostics using a high-frequency broadband signal to capture the frequency characteristics of the object. The purpose of the study is to 
develop a method of non-contact measurement of mechanical engineering products on several grounds. With the help of vibroacoustic 
diagnostics and the method of quantitative control, the distribution of the entire volume of products was 100 pieces. on two parties: the main and 
control, quantitative parameters of each unit of a product are removed. A signal from 0 to 20,000 Hz was applied by means of a frequency 
generator. The frequency response of each sample was recorded in the Spectrum Analiyser program. Estimation of the deviation of the product 
size and its frequency spectrum was performed in the NeuroPro 0.25 software. The created neural network allows is predicted in real time values 
of several quantitative signs irrespective of their nature. A working model for collecting statistical data for the efficient operation of the neural 
network is obtained. The developed technique allows detecting the configuration of products on the basis of indirect measurements through the 
frequency spectrum. This technique can be used to diagnose parts by geometric features, physical properties, defects. This requires an increase in 
input data for neural network training. With a sufficient selection of parts with different defects of the neural network on the acoustic frequency 
characteristics will be able to divide the parts into groups of worthy and unworthy on various grounds. 

Keywords: non-destructive testing, neural network, diagnostics, frequency spectrum 
 
Introduction 
To ensure the competitiveness of products, it is necessary to ensure its quality and reliability at 

optimal costs. Excessive costs for additional testing, technological, inspection and control operations 
increase the cost of products in production and increase the price, reducing the competitiveness of 
products on the market. That is why in modern conditions the question of choosing the optimal control 
strategy to improve the quality and reliability of products, while optimizing costs. 

When choosing the optimal control strategy, it is necessary to solve the problem of reliable diag-
nosis and localization of the maximum number of potential defects at minimum cost. 

Analysis of recent research and publications 
There are two main types of defects [1]: 
1. Explicit defects are defects for the detection of which in the regulatory documentation required 

for this type of control, the relevant rules, methods and tools. They are usually determined by a visual 
method – by inspecting the product and establishing the location, number and size of defects. 
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2. Hidden defects are not detected by conventional methods. In metal products – these are inter-
nal cavities: sinks, cracks; in wood – knottiness and rot. 

A significant defect significantly affects the intended use of the product and) its durability, but is 
not critical. For example, the formation of soot on the spark plug of a car's gasoline engine is a signifi-
cant defect, as it indicates a malfunction of the engine and causes a decrease in its life [2, 3]. 

The purpose of the tasks of acoustic diagnostics of this class is to determine with the help of vi-
bration or noise signals in which of several possible states is the object under study or which of several 
possible objects belongs to this acoustic signal. 

We also note the system of acoustic diagnostics, designed for the selection and analysis of a se-
ries of sequential pulses (measured amplitudes, duration, and times of pulses), due to the collision of 
parts of a number of machines and mechanisms. The main principle of diagnostics of engineering 
structures and structures is to passively collect information from many sound (and ultrasonic) sensors, 
its localization and processing to further determine the area and degree of wear of the structure [4]. 

Acoustic emission (AE) is a consequence of the movement of the environment, which allows you 
to use it to diagnose processes and materials. For example, quantitative AE is a criterion of material 
integrity, which is determined by the sound radiation of the material during its control loading. The 
effect of acoustic emission can be used to detect the formation of internal defects at the initial stage of 
destruction of the structure. It can also be used to determine the degree of seismic hazard of geological 
rocks, and the emission can be caused artificially [5, 6]. 

Vibroacoustic treatment is a traditional acoustic treatment, but researchers are losing the ability to 
perform acoustic diagnostics not only on one but also on many frequencies. 

This diagnostic technique has its own problems: it is a problem of contact of the investigated sur-
face with the measuring device to improve the contact using various lubricating conductors, but it does 
not give the desired effect. Therefore, only a large number of parts can randomize the measurement 
error of the parts [7, 8]. 

Quantitative control is implemented by measuring the values of the quality attribute of the prod-
ucts included in the sample and testing hypotheses about the parameters of the distribution of the qual-
ity attribute in the batch (in the general set of products), which guarantee conditions under which the 
level of defects in the batch does not exceed the specified value [9, 10]. 

When controlling the quantitative feature, the controller must perform the following operations: 
1. Using the means of measurements to record the value of the controlled parameter; 
2. Find the sample arithmetic mean; 
3. Evaluate its deviation Q from the nominal value or from the two values of the specified con-

straints (upper or lower); 
4. Compare the obtained values with the pre-established control standards and based on the re-

sults of this comparison make decisions on the controlled batch of products (accepts or reject it). 
When controlling a quantitative feature, the measurement results themselves are used directly to 

test the corresponding hypothesis by calculating some statistics (functions of random measurement 
results) and comparing them with the allowable values [11, 12, 13]. 

Thus, the advantage of quantitative control is that it is more informative and therefore requires a 
smaller sample size. However, such control is more expensive, because it requires such technical 
means that allow obtaining fairly accurate actual values of the controlled parameter. In addition, for 
statistical regulation in the control of quantitative characteristics required (sometimes complex) calcu-
lations associated with the definition of statistical characteristics. 

The purpose of the study is to develop a method of non-contact measurement of mechanical en-
gineering products on several grounds. 

Presentation of the main material 
Based on the analysis of the work performed by the department, the assumption is made about 

the need to create a universal tool through which it is possible to obtain a wide range of data on the 
object, namely: size, shape, location in space, but without overloading the technological system with 
many sensors and others devices for learning data from the tool. For this purpose, the possibilities of 
vibroacoustic processing and sound diagnostics with software for converting analog signal to digital 
using an ADC and its analogue in the sound card of a PC were used. The principle of operation is that 
a high-frequency broadband signal is applied, the frequency signals of the system are separated and 
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the signal of the object itself is obtained, with subsequent separation of the main from secondary pa-
rameters of the object required to determine its shape, location or properties (Fig. 1). 
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Object 
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Exit 

 
Fig. 1. Scheme of creating a training model 

100 samples were prepared for the experi-
ment. As details the detail of type of a washer 
which has six geometrical parameters which are 
resulted in Fig. 2 was taken. 

In order to identify the size of the samples, 
it is necessary to randomly divide the batch into 
two parts. With the help of a caliper, the geomet-
rical indicators of the washer-type part were tak-
en, and a table in the Microsoft Excel software 
product was compiled (Fig. 3). 

Fig. 4 shows a diagram of the experimental 
setup. Based on this scheme, special equipment 
was used, which is connected in the following 
sequence. A generator is connected to the PC 
through which the frequency spectrum passed and 
entered the installation, so that the signal was 
transmitted to the resonator, which in turn passed 
the signal through the sample to the receiver. 

A piezo element was used for the receiver 
and the resonator. The signal coming to the fre-

 
Fig. 3. Input about washer part size 

 
Fig. 2. Part of the washer type 
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quency receiver came to the PC, where the Spectrum Analiyser program displayed the frequency spec-
trum. Thus, information on the frequency response of each sample was obtained [14]. 

 
Fig. 4. Scheme of experimental installation 

Vibroacoustic treatment is a traditional acoustic treatment, but researchers are losing the ability to 
perform acoustic diagnostics not only on one but also on many frequencies. Sound diagnostics: the 
maximum information is born from white noise, as the effect of sound decomposition is manifested, 
which allows to select elements of the conductor configuration. To recognize the conductor, a set of 
statistics of frequency spectra of elements of a complex object is collected. 

Thus, the analysis of the properties of the object and its shape is performed, and the frequency 
spectrum and the configuration in the form of a graph of the spectrum distribution are obtained. 

Next, you need to translate the resulting acoustic spectrum into a visual version for further pro-
cessing and obtaining the necessary features and properties in order to create a model. The data that 
were removed from the installation were transferred to a Microsoft Excel spreadsheet, and then a table 
of precedents was created for further modeling (Fig. 5). 

    
Fig. 5. Table of precedents 

Based on the precedent table, a neural network was created with the help of software, namely 
NeuroPro 0.25, to process the frequency spectrum and detect and filter out the required main parame-
ters of the object. 

Based on the trained neural network, the test sample was analyzed in comparison with the pro-
cessed data in NeuroPro and a lack in the batch of Fig. 6 was revealed. 

Based on the trained model, statistical information was collected for further use in the identified 
forms, properties and location of the processed object with different eigenvalues [15, 16]. The experiment 
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showed that the construction of a neural network of parts allows determining almost instantly the geometric 
dimensions of parts on the basis of acoustic − frequency characteristics with an accuracy of 0.03 mm. 

      
Fig. 6. Testing 

The results of experimental research proved the possibility of contactless control of products on 
several quantitative grounds simultaneously. The number of controlled symptoms is not limited. To 
simultaneously control many sizes of products, it is enough to have a neural network model, consistent 
with the requirement of maximum dimensional accuracy. The neural network model may have excess 
capacity, which allows you to have different types of products and their control. The created neural 
network allows predicting in real time values of several quantitative signs irrespective of their nature; 
Reduction of neuron-like elements of the model allows increasing its speed, but reducing the accuracy 
of the forecast. The practical application of the model can be implemented on the basis of micropro-
cessor technology and can represent an industrial model of a contactless control system of several siz-
es simultaneously. 

Conclusions 
The article considered the possibility of creating a new topical tool for obtaining a wide range of 

data (shape, properties, location in space) on the object of processing and obtaining a working model 
for collecting statistical data for further creation of a statistical database. This technique can be used to 
diagnose parts by geometric features, physical properties, defects. This requires an increase in input 
data for neural network training. With a sufficient sample of parts with different defects of the neural 
network on the acoustic frequency characteristics will be able to divide the parts into groups of worthy 
and unworthy on various grounds. 

The developed technique allows carrying out diagnostics of objects, to reveal a configuration of 
products on the basis of indirect measurements, through a frequency spectrum which possess high dy-
namics and speed. 
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