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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 °C, with de-
formation degrees in height in the range of 10-40%. The strain rate was 10°-10"%sec’®. 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 °C, with deformation degrees in height
in the range of 10-40 %. The strain rate was

10 °-10?sec'. 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 °C 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 °C, the formation of austenite grains in a shape
close to polyhedron, with an average size of about
50-60 um was detected. For the deformation tem-
perature of 1100 °C, 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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Fig. 1. Austenite steel structure with 0.55 % C after

compression by 10 %, at the temperatures:
a—950°C; b— 1100 °C. Magnification 100

e ol

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
guantities, 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 °C 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 um. 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.

a -

R S

Fig. 2. The austenite structure of the steel from 0.65 %
C after compression by 10 % at temperatures:
a—950°C; b— 1100 °C. 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 °C 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 AC,, 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 °C, 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 °C

Austenite grain size (um) at a
distance from the compression
surface (mm)

General defor-
mation degree 30 %

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 °C, 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.

a

AL 3 W2 Ve
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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®OPMYBAHHS CTPYKTYPH BYTJIEIIEBOI CTAJII IIJ] YAC
T'APSIYOI IJIACTUYHOI JIE®@OPMAIIIT

Meta. OCHOBHOIO METOIO p0oOOTH € BU3HAUCHHS OCOOJIMBOCTEH PO3BUTKY HPOIECIB PEKPHCTATI3AIIi ayCTeHITY
BYTJICLIEBOI CTaJli 3aJIE)KHO BiJ] CTYNCHS Tapsidoi IUIACTHYHOI JedopMamii Ta po3poOka MPOTO3HIH MO0 IOJIII-
LIEHHS CTPYKTYpPHOTO CTaHy METally 3aJli3HUYHOTO CyIIbHOKaTaHOTo Kojieca. Meroauka. Sk Marepian amst pocii-
JOKeHb BUKOPHCTaHI JBi BYTJICNEBI CTANI 3QII3HHYHOTO KOJieca 3 MiHIMAbHAM 1 MaKCUMAITbHIM BMICTOM BYTJICIIIO
0,5510,65 % Ta iHIIMMHU XIMIYHHMH €JIEeMEHTaMH B MEXax MapoyHOro kiaay crani 60. 3pa3ku y BUTIIS/ HMITIHADPIB
niamerpoM 20 MM 1 Bucotoro 40 MM HarpiBanu B My(QesbHii medi, BATPUMYBAJIM MEBHUI Yac JUisi BUPIBHIOBAHHS
TEMIIEpaTypu 10 NepeTHHy 3paska. [licis uporo 3pasku mijjaBaiy rapsuoMy oOTHCKYBaHHIO Ha BHUIIPOOYBaJbHIN
MamHi Uy «lHCTpoH». TemneparypHuil iHTepBai raps4oro oOTHCKYBaHHs 3paskiB ckiazaB 950-1 100 °C, 3a
cTyneHis geopmalii o Bucoti B inTeppani 1040 %. IlIBuakicts aedopmanii gopisHroana 10°-10%c. na su-
SIBJICHHSI MEX 3€PeH ayCTeHITy BUKOPHCTOBYBAIM CTAHAAPTHHH TpaBHUK. CTPYKTYpHI MOCITIKEHHS HPOBOJIMIN
3 BUKOPHUCTaHHSM CBITIOBOTO Mikpockora Tuiry «EmikBaHT» 3a 301IbIIeHB, JOCTATHIX JJIs1 BU3HAYEHHS 0COOIHBOC-
Teit OyOBH 3epeH aycTeHiTy. BeanunHy po3Mmipy 3epHa ayCcTeHITy BU3HAYalli 32 METOJUKAaMH KiIbKICHOI MeTaJIor-
padii. PesyasTaTn. Y pasi rapsuoro oOTHCKYyBaHHS 3aroTiBKH 3aJ1i3HHYHOTO Kojeca 30ULIbIIEHHS KOHIEHTpALii
aTOMIB BYIJICLIO JIMIIE B MEXaxX MapOoYHOIo CKJIQJy CTasli JOCTATHBO JJIA 3POCTaHHS CEpeHhOTO PO3MIpy 3epHa
ayCTeHITY, MO MiATBEPIXKYE MPOMO3HIII 010 0OMEKEHHS BMICTYy BYTJICIIO B METaJi 3ali3HUYHUX Kojic. Dopmy-
BaHHS BU3HAUEHOTO CTYIIEHS CTPYKTYPHOI HEOTHOPIAHOCTI ayCTEHITY 1O MepeTHHy 00o01a abo MaTOUYMHH 3aJi3HNY-
HOTO Kojeca OOyMOBIIEHE 3MIiHOIO MEXaHI3My PO3BUTKY TPOIECIB PEKpHCTai3allii 3aJeXHO BiJ BETUIHHH
nedopmarii. 32 YMOB OJTHAKOBOTO CTYIEHS Taps4oi MIacTHYHOI AedopMallii 3aMiHa OJHOPA30BOT0 OOTHCKYBAHHS
Ha TopiOHEHe CYNPOBOKYETHCS MOPYIICHHAM YMOB (hOpMYBaHHS 3apoKa peKpucTami3amii. ¥ pe3yipTaTi BKazaHOol
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3aMiHH CXEMH Taps4yoi IDacTH4HOI nmedopMamii IOCATAaETbCA 3MEHIICHHS pOo3Mipy 3€pHa ayCTeHITY.
HaykoBa HoBu3HAa. Ha OCHOBI NOCKTIIKEHHS PO3BHUTKY IPOIECIB 30MpaNbHOI PeKpUCTAi3allii Mg 9ac rapsdoro
0OTHCKYBaHHS BYTJIELEBOI CTaJll 3aJII3HUYHOTO KoJieca BU3HAYCHO, 10 30UTBIICHHS BMICTY BYTJICIIO CIIpHs€ 301Ib-
IICHHIO 3epHa aycreHity. Ilicms 3aBepmieHHS Tapsdoro OOTHCKYBaHHS 3aroOTiBKM Kojeca CTPYKTypHa
HEOJHOPITHICTD ayCTEHITy, II0 BHHUKAE, BU3HAYAETHCS 3MIHOIO MEXaHI3My PO3BHTKY MpOIECIB pEeKpUCTai3allii.
[Mix wac medopmaniii BUIe KPUTHYHOTO CTYNEHs BigOyBaeThcsl (OPMyBaHHS M MOCIIOBHE 3pOCTAaHHS 3apOJKiB
peKpucTaiizanii, 110 NPU3BOAUTH 10 NOAPIOHEHHS CTPYKTYpHU. Y pasi aedopmaliiii HUKYe KPUTHYHOTO 3HAYCHHS
3pOCTaHHS 3€PEH ayCTEeHITy BiZI0YBaETHCS 32 MEXaHI3MOM KOAJIECLICHIIIT, 3a SIKUM IOCII0OBHO 3HUKAIOTh (hparMeHTH
MEX 13 BeJIMKUMU KyTamu fe3opienranii. [IpakTuyna suaunmictb. s noapiOHEHHS 3epeH ayCTEHITY B MACHBHHUX
eJIeMEHTaX 3aJIi3HNYHOTO CYLIJIbHOKATAHOTO KOoJIeca MPOIIOHYEMO 3aMiHy OJTHOPa30BOI'0 rapsiuoro OOTUCKYBaHHS Ha
mopiOHeHe.
Knrouosi crosa: ayctenit; nedopmariiss; Temneparypa; po3Mip 3epHa; ByTjeneBa CTajib; 3alli3HUIHE KOJIeCco
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®OPMUPOBAHUE CTPYKTYPhI YIJIEPOJUCTOM CTAJIM ITPU
TOPSYEHA IVIACTUYECKON JE®OPMAIIUU

Hean. OcHOBHOI 1eNbI0 PAOOTHI SABISIETCS ONpEZeNICHHEe 0COOCHHOCTEH pa3BUTHS IPOIECCOB PEKPHUCTAILIN3A-
MM ayCTEHNTA YIIIEPOANCTON CTaM B 3aBUCUMOCTH OT CTENEHH ropsuell IiacTuiaeckon nedopmanuu u pa3padboT-
Ka MPEAJIOKEHUH 10 YJIyUYIICHHIO CTPYKTYPHOTO COCTOSIHUSI METajula JKeJIE3HOJOPOKHBIX HEeJbHOKaTaHbIX KOJIeC.
Metoauka. B kauecTBe Marepuana Juisi UCCIEAOBAaHUI HCIOIB30BaHBI JBE YIJIEPOIUCTBIE CTAN JKEJIE3HOLOPOXK-
HBIX KOJIEC C MUHMMAaJIBHBIM U MaKCHMaJIBHBIM cofepykaHueM yriaepona 0,55 u 0,65 %, u 1pyruMu XUMHYECKHIMHU
3JIeMEHTaMH B IIpeJiesiaXx Mapo4yHoro coctasa cranu 60. OGpa3usl B BUAE IIMINHAPOB quaMeTpoM 20 MM M BBICOTOH
40 MM HarpeBanu B My(elbHOI 1eun, BhIepKUBaIN TpeOyeMoe BpeMs /sl BRIpaBHUBAHUS TEMIIEPATyphI MO ceue-
Huto obpasna. ITocsae 3Toro oOpasiibl MOABEPraaiuCh ropsueMy OOKATHIO Ha MCIBITATEIbHON Mammue Tuna «H-
cTpoH». TemnepaTypHbI HHTEpBaJ ropsdero ooxkatus obpasios cocrasiai 950-1 100 °C, npu crenenax nedop-
Manuu 1o Beicote B uHTepBasie 10—40 %. Cxopocts aedopmarmu cocrasisuia 10~2-10-2 ¢=!. Jlnst BeIABIEHHS Tpa-
HHII 36pEH ayCTEeHNTA MCIOIb30BaH CTaHIAPTHBIN TpaBUTeNb. McciaenoBanus CTPYKTYphl OCYIIECTBIISUIN C UCTIONb-
30BaHMEM CBETOBOTO MHKpPOCKONa THNA «ENMUKBaHT» TpH YBEIMYECHUSX, JOCTATOUHBIX JUIS OIpPEIENICHUS
0CcOOCHHOCTEW CTPOEHMS 3€pPEeH ayCTEeHHTa. BenmumHy pa3mepa 3epHa ayCTEHHTA ONPENEISUIN C MCIOIb30BaHUEM
METOJIMK KOJIM4ecTBeHHOI MeTaiuorpaduu. Pesyabrarsl. [Ipu ropsueM 00xaTHu 3aroTOBKU JKEJIE3HOAOPOIKHOTO
KoJieca yBEIMYEHHsI KOHIIEHTPAallMK aTOMOB yIJiepoja TOJBKO B Ipe/esiaX MapoOYHOTO COCTaBa CTAJIH JOCTATOYHO
JUIA pocTa CPEAHEro pa3Mepa 3epHa ayCTEHHTA, YTO MOATBEP)KAACT MPEIOKEHHUS 10 OTPAHWICHUIO COJEPKaHHS
yriaepojia B METaJuIe KeJIe3HOJOPOXKHEIX Kosec. DopMupoBaHHue ONpeieIeHHON CTETIeHN CTPYKTYPHOM HEOTHOPOI-
HOCTH ayCTEHHUTA IO CEYEHHUI0 0007a WM CTYIHIIBI JKEIEe3HOIOPOKHOT'0 Kojleca 00YCIIOBIEHO N3MEHEHHEM MeXa-
HHU3Ma Pa3BUTHUA TPOLECCOB PEKPUCTAIIIU3AINHU B 3aBUCUMOCTH OT BEJIIMYMHBI }Ie(pOpMaHI/II/I. B YCJIOBHUAX OJAUHAKO-
BOM CTENEHH ropsyel IIacTHYECKON aedopMaly 3aMeHa OAHOPAa30BOr0 00KaTHs Ha JAPOOHOE COMPOBOKIAETCS
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HapyIIEHHEM YCIIOBHH (hOpMHpOBaHMS 3apoJbllla PEKPUCTANIN3AMH. B pe3ynbrare yka3aHHOW 3aMEHBI CXEMBI
ropsiaeil miacTuaeckoit neopmaruy JOCTUTAeTCs YMEHBIICHHE pa3Mepa 3epHa aycreHuta. Hayunas HoBu3Ha. Ha
OCHOBE HCCIIEOBAHUS PAa3BUTHS IPOLECCOB COOMPATENEHON PEKPUCTAILIM3ALUK BO BPEMsI TOPSTIETO 00XKaTHs yrie-
POIMCTOH CTaly JKEIE3HOAOPOKHOTO KOJIECA ONPENEIICHO, YTO YBEIUUCHHUE COAEPXKAHUS YIIepoAa CIOCOOCTBYET
MPUPOCTY pa3Mepa 3epHa aycTeHnTa. [locie 3aBepIIeHUs TopsMero OOXKaTHsl 3arOTOBKHM KOJIeca BO3HHUKAIOMIAS
CTPYKTYpHasi HEOJJHOPOJHOCTh ayCTEHHUTa OOBSCHIETCS N3MEHEHHEM MEXaHH3Ma pa3BUTHUS MPOIIECCOB PEKpUCTaI-
mzanuu. [Ipu nedopManusx Bblle KPUTHIECKOW CTENEHN MPOUCXOIUT (POPMHUPOBAHUE H MOCIIEAOBATENBHBIN POCT
3apoIbIlIel PeKPUCTAIIM3AIMH, TIPUBOIS K M3MENBYCHUIO CTPYKTYpHl. [Ipu nedopmanusx HHUKE KPUTHYECKOTO
3HA4YEeHUS POCT 3ePEH ayCTEHUTA IMPOUCXOANUT MO MEXaHU3MY KOAJECLEHIMHU, 10 KOTOPOMY MOCIEeI0BATENbHO HCUe-
3al0T (pparMeHTHl rpaHul] ¢ OOJBIIMMH yriiaMu pasopueHtauuu. [IpakTuyeckasi 3HaYUMOCTh. {711 U3MeETbYCHUS
3epeH ayCTEHHTa B MACCHBHBIX 3JIEMEHTAX JKEJIE3HOAOPOKHOTO IIENbHOKATAHOTO KOJIeca MpelaraéM 3aMeHy OJIHO-
Pa30BOTO TopsUero 0OXKaTHs Ha IPOOHOE.

Kniouegvie crosa: aycrennt; nedopmanust; TeMneparypa; pasMep 3epHa; YTIEpOANUCTas CTallb; XKEIE3HOJOPOXK-
HOE KOJIECO
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