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The operation of traction rolling stock and analysis of damage to its equipment 

show that traction drives in general and gear transmissions (GT) in particular account 

for a significant proportion of damage [1]. More than 80% of emergency failures of 

the latter are associated with the loss of gear transmission performance and, in 

particular, with a significant reduction in their load capacity. The value of this 

parameter for cylindrical gear wheels, which are used in the vast majority of cases in 

traction gear transmissions, is determined in accordance with the basic regulatory 

document, which is the DSTU ISO 6339-1: 2005 standard «Calculation of the load 

capacity of cylindrical spur and helical gears» [2]. 

During the examination of traction gearboxes, in order to ensure maximum 

objectivity of the observation results, parameters and definitions in accordance with 

general technical standards were used, such as: reliability, failure-free operation, 

service life, failures, independent failure, dependent failure, sudden failure, gradual 

failure [3]. 

Reliability – the property of an object to maintain all parameters characterising its 

ability to perform the required functions within specified limits over time, provided 

that it is properly maintained. 

Fault tolerance – the property of an object to continuously maintain its operational 

condition. 

Service life – the calendar duration from the start of operation of an object to its 

transition to a limit state. 

https://doi.org/10.29354/diag/200630
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Failures – 8 types of failures are considered, of which the following are decisive 

for gear wheels. 

Independent failure – failure of an object not caused by the failure of another 

object. 

Dependent failure – failure of an object caused by the failure of another object. 

Sudden failure – a failure characterised by a sudden change in the value of one or 

more specified parameters of the object. 

Gradual failure – a failure characterised by a gradual change in the values of one 

or more specified parameters of the object. 

Strict adherence to the criteria considered during the examination allows for 

increased objectivity of the inspection results and, consequently, the reliability of the 

damage analysis 

The condition of gear transmissions during operation can be represented 

schematically (Fig. 1). 

Serviceable condition – the condition of  a GT in which it meets all the 

requirements established by regulatory, technical and design documentation. 

Operational condition – the condition of a GT in which the values of all 

parameters characterising its ability to perform specified functions meet the 

requirements 

 

 
Fig. 1. Diagram of the main conditions of a GT during operation 

 

Unfit condition – a condition of a GT in which the value of at least one parameter 

characterising its ability to perform specified functions does not meet the 

requirements of regulatory, technical and design documentation. 

Critical condition – the condition of a GT in which its further use for its intended 

purpose is unacceptable or impractical, since restoring it to a serviceable or 

operational condition is impossible or impractical. Each of the conditions considered 

is distinguished by the presence of defects. 

A defect is a specific non-compliance of a GT with the established requirements. 

The transition of a GT from one state to another is related to both its operation 

and maintenance and repair. Each index on the diagram has a positive or negative 

effect on the GT in question: 

1. Damage – an event consisting in the violation of the serviceable condition of 

the GT while maintaining its operational condition. 

2. Failure is an event that consists in the disruption of the working condition of a 

GT. The failure criterion is established in the regulatory, technical and design 
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documentation. Failures caused by violations of operating rules and regulations are 

not taken into account when assessing the reliability of a GT. 

3. Transition of the GT to a critical condition caused by the following factors: 

insurmountable safety violations; reduced operational efficiency, obsolescence, and 

other factors. 

4. Restoration is an event that involves carrying out restoration work on a GT in 

situations specified in regulatory, technical and design documentation. 

5. Repair is an event that consists of the fact that, for GT, in accordance with 

technical documentation, a plan of measures for maintenance and repair is provided, 

which may change over time. 

Thus, analysis of the basic terms and concepts that determine the reliability of GT 

generally provides only a qualitative assessment of the parameter under consideration 

and, therefore, can only be taken into account in a probabilistic setting. 
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Локомотиви серії ТЕ33 застосовуються на залізницях України вже досить 

тривалий час, на протязі якого у локомотивному господарстві мали змогу 

набути певного досвіду з їх експлуатації та обслуговування. Самі локомотиви, 

будучи продовженням відомої серії GE Evolution ES44Сi [1] несуть у собі ряд 

технічних рішень, не притаманних вітчизняному локомотивобудуванню і це 


