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INTRODUCTION (abstract of the dissertation of Doctor of Philosophy (PhD)) 

The purpose of this study is to improve the technology for improving wear 

resistance of steel components by providing a phase and structural transformations 

during cyclic heat treatment. 

Tasks of the research: 

analysis of the influence of the heating time spent on each heating cycle on the 

structure of steel and the formation of microstructural parameters during heat treatment 

of steels by initial cyclic heating; 

to determine the influence of the initial cyclic heat treatment on the mechanical 

properties of steel and the degree of dependence of alloying elements in the 

composition of steel on the number and time of heating cycles; 

determination of the values of the current and voltage, providing a constant 

temperature of the initial cyclic heating and final annealing with a high frequency 

current; 

determine the effect of the initial temperature and cyclic heating time (cyclic 

heating below the phase exchange point) on the corrosion resistance of steels after the 

completion of induction heating and discharge; 

on the basis of the research results, to develop an improved technology of non-

traditional cyclic heat treatment to increase the service life of the teeth of small modular 

gears. 

Research object selected fine modular small gear made of steel 65G.  

The subject of research is the formation of dislocation density in the crystal 

structure of steels by cyclic heating and heat treatment, the formation of an initial 

structure suitable for their strengthening, dislocation density, and corrosion resistance 

of structural steel parts. 

Methods of research. During the study, a certified chemical method and an X-

ray analyzer of the Shimadzu brand were used to study the composition of chemical 

elements in alloys and the structure of the alloy, an ion chromatograph of the Metrohm 

850 Professional IC brand, analytical methods of a scanning electron microscope Zeiss 

EVO MA 10 / Aztec Energy Advanced X-Act brand (SEM- EDX). 

The scientific novelty of the research: 

when 65G steel was first cycled three times, it was found that the dislocation 

НОnsТЭв Тn ЭСО α-phase crystals was high and that a complete lamellar structure was 

formed; 

it was found that steel grade 65G initially heated three times cyclically to a 

temperature of 450-500 ° C КnН ЭСОn proМОssОН КМqЮТrОs К СТРС НОРrОО oП Сardness, the 

limit of durability increases, the degree of impact toughness does not change, and also 

does not depend on the number of cycles and the time of heating and cooling of alloying 

elements; 

it is determined that at a current of high frequency, the values of the current and 

voltage, initially providing cyclic heating and a constant annealing temperature; 

it was determined that during cyclic heating, at different temperatures, the value 

of the maximum degree of crystal structure defect corresponds to the fact that the total 

heat treatment temperature corresponds to a cyclic heating time of 4-5 seconds; 
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an advanced technology of high-frequency cyclic heat treatment has been 

developed, which allows to increase the service life of small teeth of the modular gear 

by 30-40% due to the initial cyclic heating and cooling, and the final induction heating. 

Practical implications of the study: 

the technology for heat treatment has been improved, which makes it possible to 

increase the wear resistance of parts of working parts operating under conditions of 

metal-to-metal friction using preliminary cyclic heating and then pulse hardening;  

a procedure for preliminary cyclic heating at low temperatures and cooling of 

working parts (teeth) of fine-modular gears has been developed before induction 

heating using high-frequency current, which allows the performance of working parts 

of fine-modular gears; 

On the basis of the results of the study, substantiated recommendations for cyclic 

heat treatment of working parts (teeth) of fine-modular gears were developed and 

introduced into production. 

Implementation of the research results. Based on the scientific results of 

research on improving the technology for increasing the wear resistance of steel 

products by the method of cyclic heat treatment: 

To increase the wear resistance of the teeth of small-modular gears, the 

Aggregate Plant JSC introduced the technology of cyclic heat treatment (Information 

No. 09 / 06-25-1651 of Uzavtosanoat JSC 16.11.2020). The application of this 

technology in practice has made it possible to increase the wear resistance of the gear 

teeth by 1.2-1.3 times.  

Aggregate Plant JSC has introduced a technology for heat treatment of teeth 

using high-frequency currents during hardening of gear teeth for heat treatment 

(Information No. 09 / 06-25-1651 of Uzavtosanoat JSC 16.11.2020). As a result, 

electricity consumption has decreased by 15-20%. 

To reduce metal consumption, Aggregate Plant JSC has introduced a new 

procedure for cyclic heat treatment of teeth of fine-modular gears (Information No. 09 

/ 06-25-1651 of Uzavtosanoat JSC 16.11.2020). The use of these modes of cyclic heat 

treatment made it possible to reduce metal consumption by 12-15%.  

The structure and scope of the dissertation. The structure of the dissertation 

consists of introduction, four chapters, list of used literature, applications. The scope 

of the dissertation is 120 pages. 
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