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FORMATION OF CARBON STEEL STRUCTURE DURING HOT 

PLASTIC DEFORMATION 

Purpose. The main purpose of the work is to determine the peculiarities of the development of recrystallization 

processes of carbon steel austenite depending on the degree of hot plastic deformation and to develop proposals for 

improving the structural state of the metal of the railway solid-rolled wheel. Methodology. Two carbon steels of 

a railway wheel with a minimum and maximum carbon content of 0.55 and 0.65 % and other chemical elements 

within the grade composition of the steel 60 were used as research material. Samples in the form of cylinders with 

a diameter of 20 mm and a height of 40 mm were heated in a muffle furnace, exposed for a certain time to equalize 

the temperature across the cross section of the sample. After that, the samples were subjected to hot compression on 

Instron type test machine. The temperature interval of hot compression of the samples was 950–1100 ºС, with de-

formation degrees in height in the range of 10–40%. The strain rate was 10-3–10-2sec-1. A standard etching was used 

to detect the boundaries of the austenite grains. Structural studies were performed using Epikvant type light micro-

scope at magnifications sufficient to determine the structure of austenite grains. The grain size of austenite was de-

termined by the methods of quantitative metallography. Findings. In the case of hot compression of the railway 

wheel blank, increasing the concentration of carbon atoms only within the grade composition of the steel is suffi-

cient to increase the average austenite grain size, which confirms the proposals to limit the carbon content in the 

metal of railway wheels. The formation of a certain degree of austenite structural heterogeneity at the cross section 

of the rim or hub of the railway wheel is due to a change in the development mechanism of recrystallization pro-

cesses depending on the deformation value. Under conditions of the same degree of hot plastic deformation, the re-

placement of one-time compression by fractional one is accompanied by a violation of the conditions of formation 

of the recrystallization nucleus. As a result of the specified replacement of the scheme of hot plastic deformation we 

obtain reduction in the austenite grain size. Originality. Based on a study of the development of collective recrystal-

lization processes during the hot compression of carbon steel of the railway wheel, it was determined that the in-

crease in carbon content contributes to the austenite grain increase. After hot compression of the wheel blank, the 

structural inhomogeneity of austenite that occurs is determined by a change in the mechanism of recrystallization 
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processes development. During deformations above the critical degree, the recrystallization nuclei are formed and 

successively grow, which leads to the structure refinement. In the case of deformations below the critical value, the 

growth of austenite grains occurs according to the coalescence mechanism, according to which fragments of bound-

aries with large disorientation angles consistently disappear. Practical value. For austenite grain refining in massive 

elements of solid-rolled railway wheel we offer to replace one-time hot compression by fractional one. 
Keywords: austenite; deformation; temperature; grain size; carbon steel; railway wheel 

Introduction 

According to the technology of manufacturing 

a railway wheel, the blank is subjected to sequen-

tial hot compression on a press and rolling on 

a special state. According to the technology of 

manufacturing a railway wheel, the blank is sub-

jected to sequential hot compression on a press and 

rolling on a special mill. The high temperature of 

hot compression, at the appropriate deformation 

degrees at each stage of wheel formation, leads to 

a significant structural inhomogeneity of the metal 

[4]. This structural inhomogeneity in the railway 

wheel blank is caused by the formation of a high 

degree of non-uniformity in the austenite grains 

size as the main phase of the high-temperature 

state of carbon steel. This heterogeneous structure 

is inherited after all subsequent treatments, which 

significantly reduces the overall set of metal prop-

erties of the railway wheel elements [2, 8]. The 

reasons for the formation of the austenite structure 

with relatively large and small adjacent grains are 

the increased diffusion rate and deformation gradi-

ent that occurs at the cross section of the wheel 

elements during hot compression of the blank. As 

a result, the metal layer located directly with the 

deforming tool is subjected to maximum compres-

sion, and the more distant layer corresponds to 

a decrease in the degree of hot plastic deformation 

[4]. Consequently, austenite grains grow to very 

large sizes in metal volumes that have been com-

pressed at a degree close to critical (according to 

various estimates, at 8–10 % [1, 7]). At the same 

time, with slight exaggerations, the deformation of 

the critical value causes a corresponding dispersion 

of the austenitic structure, which together with 

grains of very large sizes will lead to uneven aus-

tenite structure as a whole. The formed austenite 

structure with different grains will inevitably have 

a negative effect on the structural state of the 

wheel metal after a separate heating and final heat-

strengthening treatment – accelerated cooling [11, 

12]. In proportion to the structural state, the set of 

the metal properties at the cross section of the rim 

and the hub, which are the most massive elements 

of the railway solid-rolled wheel, will also change. 

Purpose 

The main purpose of the work is to determine 

the peculiarities of the development of recrystalli-

zation processes of carbon steel austenite depend-

ing on hot plastic deformation degree and to devel-

op proposals for improving the structural state of 

the metal of the railway solid-rolled wheel. 

Methodology 

Two carbon steels of the railway wheel with 

a minimum and maximum carbon content of 0.55 

and 0.65% and other chemical elements within the 

grade composition of the steel 60 were used as re-

search material. Samples in the form of cylinders 

with a diameter of 20 mm and a height of 40 mm 

were heated in a muffle furnace, exposed for 

a certain time to equalize the temperature across 

the cross section of the sample. After that, the 

samples were subjected to hot compression on In-

stron type test machine. The temperature interval 

of hot compression of the samples was 

950–1100 ºС, with deformation degrees in height 

in the range of 10–40 %. The strain rate was 

10
3
–10

2
sec

1
. A standard etching was used to 

detect the boundaries of the austenite grains. Struc-

tural studies were performed using Epiquant type 

light microscope at magnifications sufficient to 

determine the structure of austenite grains. The 

austenite grain size was determined by the methods 

of quantitative metallography. 

Findings 

In the process of manufacturing solid-rolled 

railway wheels, the sequential compression of 

the blank in the roll openings of the rolling 

mill pressure equipment at temperatures of 

1200–1250 ºC is accompanied by the formation of 

significant structural inhomogeneity of carbon 
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steel. This is due to the high metal compression 

temperatures, the forms complexity and the differ-

ent thickness of the individual elements of the 

railway wheel. Studies of the microstructure [3, 4] 

found that in the central volumes of the wheel rim, 

the degree of plastic deformation does not exceed 

10 %, and near the rolling surface can reach 50-60 

%. The discrepancy in the degree of plastic defor-

mation at these temperatures of hot compression 

affects the development of austenite recrystalliza-

tion processes, which in turn determines the final 

grain size. According to [9, 13], in the case of con-

stant heating temperature, in proportion to the de-

gree of plastic deformation above the critical value, 

the grain size of austenite will decrease. Based on 

this, the austenite grain size in the central volumes 

of the railway wheel rim, after hot pressing and 

taking into account the separate heating for thermal 

hardening and tempering, is approximately 0 or 1 

point. Near the rolling surface, due to the higher 

degree of plastic deformation, it will not exceed 2–

3 points [4]. In general, the formed metal structure 

is qualitatively correlated with the plots of the val-

ue distribution of the hot plastic deformation along 

the wheel elements. Thus, maximum compression 

is achieved in the rim, which leads to the formation 

of the austenite structure with a grain size of about 

2 points. In the areas of the disk near the rim, the 

picture is much more complicated. The fact is that 

although the metal near the rim is much less com-

pressed (compared to the rim), the austenite struc-

ture actually has a higher dispersion. The grain size 

for these metal volumes is 3–4 points [4]. This sit-

uation is due to the partial preservation of the con-

sequences of hot hardening of austenite after the 

blank compression on a press of 100 MN 

(Fig. 1, b) before rolling on a rolling mill. The total 

effect from successive stages of hot deformation 

leads to the formation of a more dispersed structure 

of austenite with grain sizes up to 4 points. 

Thus, the larger the metal cross section of 

a certain element of the railway wheel, the greater 

the unevenness in the austenite grain size should be 

expected. The austenite structure with different 

grains has a negative effect on the structural state 

of the wheel metal after separate heating and ac-

celerated cooling. In proportion to the structural 

state, the set of the metal properties along the cross 

section of the solid-rolled railway element will also 

change [13]. 

The railway wheel blank for hot compression is 

heated to temperatures significantly exceeding the 

completion of the single-phase austenitic structure 

formation. During a sufficiently long exposure to 

equalize the temperature at the cross section of the 

blank there is a significant increase in the austenite 

grain size. In addition to the effect of inhibiting the 

process of moving the austenite grain boundary in 

the case of the development of the collective re-

crystallization process, we should also expect the 

effect from the general carbon content in steel [1, 

3]. The degree of exceeding the completion time of 

the austenitic transformation by the temperature 

will differently accelerate the process of increasing 

the austenitic grain size, depending on the concen-

tration of carbon atoms within the grade composi-

tion of the railway wheel steel. Qualitative changes 

in grain sizes can be estimated by comparing real 

structures according to the accepted point scale. 

From the structure analysis, it was determined that 

the austenite structure with expected grain size cor-

responds to the higher heating temperatures. At the 

same time, according to the normative documenta-

tion, for carbon steel of the railway wheel it is al-

lowed to change the carbon concentration within 

the grade composition by about 0.1 %. Taking into 

account this fact during the development the of 

hardening treatments technology, it is necessary to 

assess the possible change in the austenite grain 

size in steel with the maximum carbon content and 

the minimum value in the process of hot compres-

sion. 

According to the analysis of the steel samples 

microstructure (Fig. 1, a) with a carbon content of 

0.55 % after 10 % compression at a temperature of 

950 ºC, the formation of austenite grains in a shape 

close to polyhedron, with an average size of about 

50–60 μm was detected. For the deformation tem-

perature of 1100 ºС, the formation of the austenite 

structure with significant inhomogeneity is ob-

served simultaneously with the increase in the av-

erage grain size (Fig. 1, b). The presence of grains 

with a large difference in size in the steel structure 

can be considered as evidence of the beginning of 

the development of recrystallization by the coales-

cence mechanism [1, 6, 9]. At the same time, the 

structure of hot-deformed metal shows an increase 
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а 

b 

Fig. 1. Austenite steel structure with 0.55 % C after 

compression by 10 %, at the temperatures: 
а – 950 ºС; b – 1100 ºС. Magnification 100 

in the number of grain boundaries with no individ-

ual fragments (Fig. 1, b). This feature indicates the 

beginning of abnormal grain growth, which causes 

a further increase in the austenite structure hetero-

geneity as a whole [1, 13]. Similar metal volumes 

(with no boundary sections), although in smaller 

quantities, were also determined in the structure at 

lower compression temperatures (Fig. 1, a). In-

creasing the carbon concentration in steel to 0.65 

% did not result in qualitative changes in the nature 

of the formed austenite structure. First of all, it 

should be noted the invariance of the grains shape. 

At the same time, the average austenite grain size 

is more important for steel with high carbon con-

tent. Compared with steel with 0.55 % C, for the 

same temperatures and compression degrees (Fig. 

1), the formed austenite structure visually has 

a larger average grain size (Fig. 2). Indeed, com-

pared to the structures after the same deformation 

conditions, for example, after compression by 

10 %, for a temperature of 950 ºC it can be deter-

mined that only increase in carbon concentration in 

steel by 0.1 % led to an increase in the austenite 

grain size by 30 μm. The above increase in relative 

values is approximately 30%. At the same time, the 

austenite structure heterogeneity as a whole has 

increased. For the studied steels, the obtained de-

pendences of the austenite grain size on the tem-

perature and the degree of hot compression qualita-

tively coincide with the known results of experi-

mental studies [3, 4, 12]. 

Thus, in order to increase the structure uni-

formity and reduce the austenite grain size after the 

hot compression of the railway wheel blank, it may 

be proposed to increase the role of hot metal hard-

ening. Thus, during the rim profile formation, tak-

ing into account the limited power of the rolling 

mill, you can increase the degree of hot hardening 

by lowering the compression temperature. 
а 

b 

Fig. 2. The austenite structure of the steel from 0.65 % 

C after compression by 10 % at temperatures:  
а – 950 ºС; b – 1100 ºС. Magnification 100 
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Technologically, such an influence on the 

structure formation can be realized due to the 

gradual decrease in temperature during hot plastic 

deformation in case of rim formation. Indeed, after 

a certain deformation at the final stage of rim for-

mation, even a slight decrease in temperature at the 

level of 100–150 ºС of the surface layers should be 

sufficient to refine the austenite structure in the 

areas farther from the surface. This reduction in the 

compression temperature, providing increase in the 

resistance of surface layers of the rim metal, will 

increase the degree of hot plastic deformation of 

austenite in its central volumes. As a result, the 

central volumes of the rim will be subjected to 

more hot-cold work. Thus, increasing the degree of 

hot-cold work, accelerating the development of 

recrystallization processes, will lead to the for-

mation of more uniform structure with crushed 

austenite grain across the rim of the solid-rolled 

railway wheel. 

Compared with the change in the compression 

temperature, a certain influence on the development 

of crushing processes of austenite grains can be 

achieved by changing the scheme of metal defor-

mation. The fact is that during hot compression of 

carbon steel at temperatures above 3Ac , the ratio in 

the development of polygonization and recrystalli-

zation processes will determine the formation of the 

final austenitic structure [9, 11]. The mechanism of 

influence on the austenite structural changes in the 

case of replacement of a one-time deformation by 

compression in several stages (under conditions of 

constant total value) is actually determined by the 

conditions of the recrystallization center formation 

[1]. 

The critical degree of plastic deformation is the 

limit on the recrystallization diagram, which sepa-

rates the areas with virtually absent signs of recrys-

tallization processes from those in which a few 

seconds are sufficient to complete it. In this case, 

the rate of accumulation of defects in the crystal-

line structure and their location will have a deci-

sive influence on the grain nucleation during re-

crystallization. Thus, in the initial stages of hot 

compression, when the accumulation of defects in 

the crystalline structure corresponds to their uni-

form distribution in the metal matrix, the condi-

tions for the formation of the recrystallization nu-

cleus will not be met [6]. In case of increasing the 

deformation degree of the heterogeneity of the de-

fects distribution and, first of all, dislocations will 

increase proportionally. The moment of formation 

of the recrystallization center corresponds to the 

value of hot compression, when there is a fluctua-

tion in the dislocation distribution of the corre-

sponding level. Thus, by subjecting carbon steel to 

hot compression by the values that are insufficient 

for the formation of the recrystallization nucleus, it 

becomes possible to shift the moment of develop-

ment of this process towards longer exposures after 

deformation. 

Analysis of the research results [2, 3] con-

firmed the possibility of improving the structural 

condition and the associated set of properties after 

hot compression of rolled carbon steels. At the 

temperature of hot compression of railway wheel 

carbon steel 1250 ºC, the replacement of the de-

formation value of 30 % by three stages of 10 % 

has led to an increase in relative elongation, metal 

fracture energy, crack resistance by about 10–12 % 

[1]. The obtained result has its own explanation. 

Thus, given that the formation of the recrystalliza-

tion nucleus of carbon steel austenite both in the 

process of hot compression and during exposure 

between the deformation stages is largely deter-

mined not so much by reducing the defect density 

in the crystalline structure, as their redistribution, 

replacement of one-time deformation by the frac-

tional one can significantly change the conditions 

of this process development. 

Based on the analysis of experimental data 

[12], it can be stated that the development of the 

recrystallization process «in situ» should lead to 

the formation of such a substructure, which after 

hot compression determines the influence on the 

final structural state of the finished product. The 

results of the microstructure study are given in Ta-

ble 1. Analysis of the obtained austenite grain sizes 

shows that the peripheral metal volumes of the 

railway wheel rim, which are in direct contact with 

the deforming tool, have a slightly lower tempera-

ture compared to ones that are more distant. As 

a result, the state of hot-cold work will be main-

tained in these metal volumes for a longer period 

of time. In turn, this will increase the defect con-

centration in the crystalline structure in the austen-

ite grains after the deformation. 
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Table  1  

Influence of one-time and fractional compression of 

carbon steel at a temperature of 1250 ºС 

General defor-

mation degree 30 % 

Austenite grain size (μm) at a 

distance from the compression 
surface (mm) 

10 35 

one-time 110 100 

fractional 54 100 

This increased density of defects in the austen-

ite structure will be an additional stimulus for the 

development of both dynamic in the compression 

process and static recrystallization during the ex-

posure after hot compression. On the other hand, 

the austenitic structure of carbon steel is very sen-

sitive to the density of crystalline defects intro-

duced during hot plastic deformation. For example, 

increasing the deformation degree by approximate-

ly 1.5 times at a temperature of 1000 ºC, reduces 

the completion time of austenite recrystallization to 

10 times, from 20–30 to 3 sec [3]. Thus, in case of 

replacing 30 % of hot deformation with three times 

10 %, the conditions for the formation of the aus-

tenite structure with smaller grains will be 

achieved, which will further determine the final 

metal structure of the railway wheel (Fig. 3). In 

case of increasing the distance from the compres-

sion surface, the change in the deformation scheme 

(single or fractional) will have a proportionally 

lower influence on the austenite grain size (Fig. 3, 

Tab. 1). 

Thus, the structural changes in the railway wheel 

steel are largely due to the austenite structure for-

mation during hot compression. On the other hand, 

additional dispersion of austenite grains can be 

achieved by violating the development conditions of 

collective recrystallization processes, changing the 

relationship between the degree of hot deformation, 

the duration of isothermal exposure, etc. [7, 14]. 

These provisions are explained by the competing 

influence on the structure formation during heating 

of the deformed metal material according to qualita-

tively different mechanisms. 

Under conditions when the degree of plastic de-

formation is not enough to start the development of 

recrystallization processes, structural transfor-

mations occur due to the development of polygoni-

zation. 

а 

b 

Fig. 3. Structure of railway wheel steel at a distance 

of 10 mm from the compresssion surface  

after one-time deformation of 30 % (a)  

and fractional one (b). Magnification 300 

As a result, the conditions of formation of the 

recrystallization nucleus in the deformed metal are 

violated. In order to further promote the recrystal-

lization development, it is necessary to carry out 

additional plastic deformation or increase the heat-

ing temperature of the deformed metal. Thus, the 

replacement of one-time compression by fractional 

one will accelerate the development of polygoniza-

tion processes, which should significantly violate 

the formation conditions of the nucleus of recrys-

tallized austenitic grain. The austenitic structure 

formed under these conditions will positively af-

fect the final structural state of the carbon steel of 

the railway wheel at the final stage of thermal 

hardening [4, 5, 10]. 
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Originality and practical value 

Based on a study of the development of collec-

tive recrystallization processes during the hot com-

pression of carbon steel of railway wheel, it is de-

termined that the increase in carbon content con-

tributes to the increase of austenite grains. After 

completion of hot compression of the wheel blank, 

the structural inhomogeneity of austenite that oc-

curs is determined by a change in the development 

mechanism of recrystallization processes. In case 

of deformations above the critical degree, the for-

mation and successive growth of recrystallization 

nuclei takes place, which leads to the structure 

fragmentation. At deformations below the critical 

value, the growth of austenite grains occurs ac-

cording to the coalescence mechanism, according 

to which fragments of boundaries with large diso-

rientation angles  consistently  disappear.  In  order  

to refine austenite grains in the massive elements 

of the wheel, we offer to replace one-time hot 

compression by fractional one.  

Conclusions 

1. In case of hot compression of the railway

wheel blank, increasing the carbon atoms concen-

tration within the grade composition of steel con-

tributes to the growth of the average austenite grain 

size.  

2. Formation of a certain degree of structural

inhomogeneity of austenite at the cross section of 

the rim or hub of the railway wheel is due to the 

dependence of the development mechanism of re-

crystallization processes on the deformation value. 

3. Under conditions of the same degree of hot

plastic deformation, the replacement of one-time 

compression by fractional one helps to reduce the 

austenite grain size. 
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ФОРМУВАННЯ СТРУКТУРИ ВУГЛЕЦЕВОЇ СТАЛІ ПІД ЧАС 

ГАРЯЧОЇ ПЛАСТИЧНОЇ ДЕФОРМАЦІЇ 

Мета. Основною метою роботи є визначення особливостей розвитку процесів рекристалізації аустеніту 

вуглецевої сталі залежно від ступеня гарячої пластичної деформації та розробка пропозицій щодо поліп-

шення структурного стану металу залізничного суцільнокатаного колеса. Методика. Як матеріал для дослі-

джень використані дві вуглецеві сталі залізничного колеса з мінімальним і максимальним вмістом вуглецю 

0,55 і 0,65 % та іншими хімічними елементами в межах марочного кладу сталі 60. Зразки у вигляді циліндрів 

діаметром 20 мм і висотою 40 мм нагрівали в муфельній печі, витримували певний час для вирівнювання 

температури по перетину зразка. Після цього зразки піддавали гарячому обтискуванню на випробувальній 

машині типу «Інстрон». Температурний інтервал гарячого обтискування зразків складав 950–1 100 ºС, за 

ступенів деформації по висоті в інтервалі 10–40 %. Швидкість деформації дорівнювала 10-3–10-2с-1. Для ви-

явлення меж зерен аустеніту використовували стандартний травник. Структурні дослідження проводили 

з використанням світлового мікроскопа типу «Епіквант» за збільшень, достатніх для визначення особливос-

тей будови зерен аустеніту. Величину розміру зерна аустеніту визначали за методиками кількісної металог-

рафії. Результати. У разі гарячого обтискування заготівки залізничного колеса збільшення концентрації 

атомів вуглецю лише в межах марочного складу сталі достатньо для зростання середнього розміру зерна 

аустеніту, що підтверджує пропозиції щодо обмеження вмісту вуглецю в металі залізничних коліс. Форму-

вання визначеного ступеня структурної неоднорідності аустеніту по перетину обода або маточини залізнич-

ного колеса обумовлене зміною механізму розвитку процесів рекристалізації залежно від величини 

деформації. За умов однакового ступеня гарячої пластичної деформації заміна одноразового обтискування 

на подрібнене супроводжується порушенням умов формування зародка рекристалізації. У результаті вказаної 
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заміни схеми гарячої пластичної деформації досягається зменшення розміру зерна аустеніту. 

Наукова новизна. На основі дослідження розвитку процесів збиральної рекристалізації під час гарячого 

обтискування вуглецевої сталі залізничного колеса визначено, що збільшення вмісту вуглецю сприяє збіль-

шенню зерна аустеніту. Після завершення гарячого обтискування заготівки колеса структурна 

неоднорідність аустеніту, що виникає, визначається зміною механізму розвитку процесів рекристалізації. 

Під час деформацій вище критичного ступеня відбувається формування й послідовне зростання зародків 

рекристалізації, що призводить до подрібнення структури. У разі деформацій нижче критичного значення 

зростання зерен аустеніту відбувається за механізмом коалесценції, за яким послідовно зникають фрагменти 

меж із великими кутами дезорієнтації. Практична значимість. Для подрібнення зерен аустеніту в масивних 

елементах залізничного суцільнокатаного колеса пропонуємо заміну одноразового гарячого обтискування на 

подрібнене. 
Ключові слова: аустеніт; деформація; температура; розмір зерна; вуглецева сталь; залізничне колесо 
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ФОРМИРОВАНИЕ СТРУКТУРЫ УГЛЕРОДИСТОЙ СТАЛИ ПРИ 

ГОРЯЧЕЙ ПЛАСТИЧЕСКОЙ ДЕФОРМАЦИИ 

Цель. Основной целью работы является определение особенностей развития процессов рекристаллиза-

ции аустенита углеродистой стали в зависимости от степени горячей пластической деформации и разработ-

ка предложений по улучшению структурного состояния металла железнодорожных цельнокатаных колес. 

Методика. В качестве материала для исследований использованы две углеродистые стали железнодорож-

ных колес с минимальным и максимальным содержанием углерода 0,55 и 0,65 %, и другими химическими 

элементами в пределах марочного состава стали 60. Образцы в виде цилиндров диаметром 20 мм и высотой 

40 мм нагревали в муфельной печи, выдерживали требуемое время для выравнивания температуры по сече-

нию образца. После этого образцы подвергались горячему обжатию на испытательной машине типа «Ин-

строн». Температурный интервал горячего обжатия образцов составлял 950–1 100 ºС, при степенях дефор-

мации по высоте в интервале 10–40 %. Скорость деформации составляла 10²־10–³־ с¹־. Для выявления гра-

ниц зерен аустенита использован стандартный травитель. Исследования структуры осуществляли с исполь-

зованием светового микроскопа типа «Епиквант» при увеличениях, достаточных для определения 

особенностей строения зерен аустенита. Величину размера зерна аустенита определяли с использованием 

методик количественной металлографии. Результаты. При горячем обжатии заготовки железнодорожного 

колеса увеличения концентрации атомов углерода только в пределах марочного состава стали достаточно 

для роста среднего размера зерна аустенита, что подтверждает предложения по ограничению содержания 

углерода в металле железнодорожных колес. Формирование определенной степени структурной неоднород-

ности аустенита по сечению обода или ступицы железнодорожного колеса обусловлено изменением меха-

низма развития процессов рекристаллизации в зависимости от величины деформации. В условиях одинако-

вой степени горячей пластической деформации замена одноразового обжатия на дробное сопровождается 
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нарушением условий формирования зародыша рекристаллизации. В результате указанной замены схемы 

горячей пластической деформации достигается уменьшение размера зерна аустенита. Научная новизна. На 

основе исследования развития процессов собирательной рекристаллизации во время горячего обжатия угле-

родистой стали железнодорожного колеса определено, что увеличение содержания углерода способствует 

приросту размера зерна аустенита. После завершения горячего обжатия заготовки колеса возникающая 

структурная неоднородность аустенита объясняется изменением механизма развития процессов рекристал-

лизации. При деформациях выше критической степени происходит формирование и последовательный рост 

зародышей рекристаллизации, приводя к измельчению структуры. При деформациях ниже критического 

значения рост зерен аустенита происходит по механизму коалесценции, по которому последовательно исче-

зают фрагменты границ с большими углами разориентации. Практическая значимость. Для измельчения 

зерен аустенита в массивных элементах железнодорожного цельнокатаного колеса предлагаем замену одно-

разового горячего обжатия на дробное. 
Ключевые слова: аустенит; деформация; температура; размер зерна; углеродистая сталь; железнодорож-

ное колесо 
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