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Annotation: Based on a comparative analysis of existing test and functional methods of technical 

diagnostics, it is advisable to use functional diagnostic methods in assessing the technical condition of 

traction asynchronous motors. From a brief comparative analysis of thermal, electrical, vibroacoustic and 

magnetic methods of functional diagnostics, it follows that each method has its own characteristics, 

advantages and disadvantages; each method does not have the possibility for a sufficiently accurate and 

complete diagnosis of the technical condition of the TAM. Therefore, in addition to improving these 

methods, it is worth using them together with sufficient accuracy and thoroughness to diagnose the 

technical condition of the TAM. 
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INTRODUCTION  

The locomotive fleet of Uzbekistan Railways is being renewed and enriched with modern 

locomotives. Electric locomotives of the series "Uzbekistan", "Uzbekistan" -Y, Uz-EL, Uz-

ELR, 2O‘z-UY are equipped with asynchronous motors, which help to generate large 

traction. Traction asynchronous motors (TAM) are very reliable compared to fixed traction 

electric motors and, despite their long service life, are not free from various defects and 

malfunctions. Factors that contribute to the occurrence of defects and malfunctions in TAMs 

include environmental impact, manufacturing and repair errors, various dynamic effects, and 

cases of misuse. Local and international experience shows that the introduction of diagnostic 

tools is one of the most important factors in improving the economic efficiency of 

locomotives. The purpose of diagnostics is to identify and prevent defects and malfunctions, 

to maintain operational performance within the established limits, to forecast the situation for 

the full use of the resource [1]. 

Different loads have a significant impact on the performance of electric locomotives TAMs. 

When using TAMs, the current of the traction motor, as well as its rotational frequency, 

changes every minute (Figure 1). 

TAM electric locomotives will be installed at the bottom of the carriages. This affects its 

overall dimensions and design, as well as the type of suspension of the traction motor in the 

carriage. 

The following factors are the main causes of faults in electric locomotives TAM: 

 sudden changes in ambient temperature and humidity; 

 operation of TAM in different operating modes (short-term, recurrent short-term); 
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 the presence of mechanical effects on electric motors during acceleration or stopping the 

train. Working in dry and hot climates, TAMs worsen the cooling conditions, leading to 

its dusting, which in turn leads to the drying and acceleration of the insulation materials 

[13]. High humidity (during snow or rain) reduces the volume and surface resistance of 

the insulation, leading to accelerated corrosion of metal parts [13]. 
 

 

Figure 1. Graphs of time (t) of current (Id) and rotational frequency (nd) consumed 

during operation of an electric locomotive asynchronous motor 
 

Analysis of technical condition testing and functional diagnostic methods of TAMs. 

Modern systems and methods of diagnosing TAM can be divided into two groups [2]. The 

first group includes test-based diagnostic methods. These methods measure the insulation 

resistance, the angle of the dielectric loss tangent in it, the currents flowing from the 

insulation to the housing, the internal resistance of the coils, and so on.  However, such a 

diagnosis not only prevents the development of various defects, but also their occurrence.  

For example, during routine maintenance of TAMs, after complete assembly, the motor is 

tested under high voltage, which has a detrimental effect on the motor insulation. Overloads, 

frequent start-ups and shutdowns can also lead to the development of microdefects that 

develop in the tires during TAM operation. In addition, the shortcomings of test-based 

diagnostics include the temporary suspension of the operation of the TAM, the inability to 

protect the engine during its operation to prevent its complete failure, control of abnormal 

operating modes of this equipment and other circumstances [3]. 

The second group includes functional diagnostic methods. They are the most economical 

because they do not require a temporary shutdown of electrical equipment. In order to prepare 

for repairs, it is necessary to identify all the defects that affect the resource long before the 

breakdown. In this regard, it is necessary to use diagnostic methods that not only fall into the 

functional category, but also allow to identify a defect in a particular part of the TAM[4]. 

Methods of functional diagnosis of TAM 

Currently, the following methods of functional diagnostics of asynchronous motors are 

common: heat; electricity; vibroacoustic; magnetic. 

The thermal method determines the parameters of thermal processes occurring in TAMs due 

to electromagnetic processes, such as the temperature of the stator groove, rotor rods, 

magnetic conductors and other parts, or the temperature in other parts or the heat radiation 

radiated from them is determined. Characteristic points for measurement were selected based 
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on the structural properties of the TAM elements and the location of the areas of heat 

generation in them[5]. The disadvantages of this method are the complexity of diagnosing the 

technical condition of TAM moving parts and selecting the optimal mode of thermal control 

and the inability to monitor the internal damage of the insulation of TAMs.  

Electrical method TAM stator current change; deviation of amplitude and frequency of 

voltages from nominal values; based on the detection and analysis of the occurrence of high 

harmonics in the spectrum of currents, voltages, etc. [6].  The method is based on the 

presence of intermediate short circuits in the stator windings and damage to the rotor (broken 

rods, weakening of the rods to the contact rings, hidden defects in the casting), improper 

installation of the motor shaft, eccentricity, loosening of fasteners, mechanical part of TAM 

allows the detection of related defects. 

The vibroacoustic diagnostic method determines the vibration parameters of TAM. The 

specific characteristics of the diagnostic object are used as a reference and are measured at 

the initial stage of operation. Using this method, it is possible to analyze low-frequency 

spectra and determine the coherence function associated with rotor speed and their bending, 

the bending of body parts, rotor imbalance, defects in bearings and other defects. The main 

disadvantages of vibroacoustic diagnostics are the need to use special vibroacoustic sensors, 

the complexity of their installation and the difficulty of analyzing the results, as well as the 

fact that low-voltage motors are not sufficiently sensitive to electrical damage[8].  

The method of magnetic functional diagnostics is based on the control and analysis of the 

parameters of the working magnetic field in the TAM working air gap and the scattered 

(external) magnetic field that merges through its outer side [9]. 

The essence of the method based on the control of the parameters of the external magnetic 

field TAM is that the current or induction of the magnetic field scattered on the outside of the 

running motor is measured using touch measuring instruments. The signal from the meter is 

transmitted to a computer, digitized and recorded. Spectral analysis of the received signals is 

carried out with the help of the analyzer and the type and location of the fault is determined 

depending on the results[10]. 

This method can be used to diagnose stator windings, phase outages, bearing failures, static 

and dynamic eccentricities in the rotor [11]. Based on the analysis of the external magnetic 

field, the accuracy of the results obtained using this magnetic method is 92% [12]. 

Conclusion: Based on a comparative analysis of existing test and functional methods of 

technical diagnostics, it is advisable to use functional diagnostic methods in assessing the 

technical condition of traction asynchronous motors. From a brief comparative analysis of 

thermal, electrical, vibroacoustic and magnetic functional diagnostic methods, each method 

has its own characteristics, advantages and disadvantages, with a separate one of which it is 

not possible to diagnose TAM technical condition with sufficient accuracy and completeness. 

Therefore, in addition to improving these methods, it is advisable to use them together with 

sufficient accuracy and complete diagnostics of the TAM technical condition. 
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