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RESEARCH DISTRIBUTION OF RESIDUAL STRESSES IN THE RIM OF A
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Annotation

In the rim of a railway wheel hardened by surface plasma hardening, the
nature and distribution of internal residual stresses are investigated. It is shown that
during surface plasma hardening, the nature of the distribution of residual stresses
depends on the power of the plasma jet (arc), the hardening rate, and the initial state
of the metal. It is noted that in order to increase the wear and crack resistance, as well
as the fatigue strength of the wheel metal when setting the plasma quenching mode, it
IS necessary to create conditions leading to a maximum value of the residual
compressive stresses in the surface and subsurface layer and a change in the sign of
the residual stresses at the interface with the initial structure by translating
compressive stresses in stretching. This can be achieved with a plasma jet power of
14-15 kW, hardening speed of 10-15 mm / s, the width of the hardened track 25-30
mm.

It is shown that the results of x-ray studies of the distribution of residual
stresses are qualitatively confirmed by the data of the destructive mechanical method.
Assessment of the nature of length of the sample indicates that compressive stresses
act in the surface layers of the rim, which in tensile layers of the rim transform into
tensile stresses.
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distribution, wear resistance, fatigue strength, wheel rim, plasma jet, contact surface,
hardened layer.

Introduction
The creation of large internal compressive stresses in the surface hardened

layer

of the material is an important factor cracks on the surface of heavily loaded
increasing the performance of parts and parts arise under the influence of
assemblies operating under conditions internal tensile stresses. When internal
of large contact and alternating loads. compressive stresses occur on the

This is due to the fact that fatigue surface, they reduce tensile stresses



arising from an external load, which
leads to an increase in wear resistance,
fatigue strength, and brittle fracture
resistance [1,2].

During  operation, various
stresses act on the wheel, the main
components of which are stresses from
wheel pressure on the rail, dynamic
loads from impacts on rail joints,
stresses arising from braking heat, etc.
These stresses are superimposed on the
field of residual stresses arising in the
wheels during their hardening heat
treatment. Thus, in addition to large
static and dynamic stresses, the wheel
also receives significant thermal
stresses. Residual stresses of various
origins add up algebraically and
therefore can enhance or weaken
operating stresses. The strength of the
wheel under such operating conditions
will depend on the actual size and
nature of the distribution of operating
stresses, which determine the actual
stress state of the wheel [3].

As you know, one of the main
reasons for the occurrence of internal
residual stresses is a different change in
the specific volume at different points
of the product during compression and
expansion during heat treatment. If
thermal compression and expansion,

Materials and methods of research

In this work, the determination and
nature of the distribution of residual
stresses were evaluated by X-ray and
mechanical methods.

As you know, the X-ray
method is one of the main methods for
determining residual stresses, which
allows you to measure the residual
stresses on the hardened surface, since

leading to a change in the specific
volume of the material, passed
simultaneously and to the same extent
throughout the volume, then internal
stresses would not have arisen. But
when heating and cooling, there is
always a temperature gradient over the
cross section of the body, and therefore
the above-mentioned changes in the
specific volume at different points of
the metal proceeds unevenly, as a result
of which internal stresses arise.

It should be noted that there is
clearly not enough information about
the effect of hardening heat treatment
modes on the magnitude and nature of
the distribution of internal stresses in
solid-rolled railway wheels, so it is of
undoubted interest to study the factors
affecting the magnitude  and
distribution of tensile and compressive
internal stresses over the cross section
of the hardened wheel.

Tensile internal stresses in the
surface layers are especially harmful to
parts and assemblies such as wheelsets
working under alternating loads, since
such stresses contribute to fatigue
failure of the wheel; As is known, a
fatigue crack nucleates, as a rule, on
the contact surface of a wheel-rail
friction pair [4].

X-rays penetrate the metal surface to a
small depth.

The distribution of internal
stresses on the surface and in the depth
of the hardened layer of metal of the
wheel was studied by the X-ray method
using a DRON-1 X-ray diffractometer.
The method is based on precision
measurements of the interplanar
spacings of the crystal lattice in the



presence of internal stresses. This is
due to the fact that, under the action of
mechanical stresses, elastic
deformations cause a change in the
atomic interplanar spacings in the
crystal lattice, in accordance with
which changes the x-ray diffraction
angles change. A change in the
diffraction angle in the presence of
mechanical stresses leads to a shift of
the diffraction peak in the recorded
diffraction pattern relative to its
position in the absence of stresses. The
magnitude of elastic deformation is
directly  determined  from  this
displacement [5,6].
From the theory of x-ray diffraction it
iIs known that if the radiation
wavelength A and the angle of
incidence o satisfy the Wulff-Bragg
condition:
n A =2dcos a,
then the incident rays are reflected
without penetrating deep into the
crystal. (Here n is an arbitrary integer, d
Is the distance between two adjacent
atomic planes of the crystal lattice). The
X-ray method allows to determine the
total stress state of the wheel as a result
of the impact of operational loads and
the influence of internal residual
stresses.
It should be noted that the accurate
determination of internal macroscopic
stresses (stresses of the first kind) is
difficult due to the presence of phase
stresses that arise as a result of phase
(structural) transformations during heat
treatment. The occurrence of phase
stresses, as is known, is due to the fact
that the phase and structural
components of steels (austenite, ferrite,
martensite and two-phase structures -
perlite, sorbitol) have different specific
volumes. During heating and cooling,

this leads to the appearance of thermal
and phase stresses due to the gradient
of thermal expansion and compression
of these structural components of
steels.

The difficulty in accurately
determining residual stresses of the
first kind, especially in bodies of
complex shape such as railway wheels,
makes it necessary and advisable to use
the mechanical method to determine
the nature of the distribution of residual
stresses in the wheels.

The use of this method is based
on the fact that in a metal with residual
stresses, there are regions of elastic
strains of different signs. If the surface
layer is cut off (or pitted) from it, then
elastic removal of residual stresses
becomes possible, i.e. mechanical
methods for determining the magnitude
and sign of residual stresses are based
on measuring the resulting elastic
deformations. The value of residual
stresses can be calculated from
deformations. Therefore, a technique
was adopted to study the distribution of
residual stresses in the wheel rim,
based on the measurement of the
residual deformation that occurs when
it is cut. The deformation can be
judged by the change in the length of
the sample, which must be accurately
measured. Measurements were made
with an accuracy of 0.05 mm. The
method of cutting and testing the
wheels was as follows.

The test sample 5 mm thick
with dimensions 40 x100 mm is cut
from the wheel rim. The ends of the
sample must be adjusted exactly 90
degrees to its edges.

A 05 mm thick layer is
removed from the outer edge of the
sample thus prepared. For this, we used



the Uniton-2 manual bench cutting
machine (manufactured in Denmark),
in which the cutting disc was cooled
with water with an anti-corrosion
additive. Before and after removing the
layer, the length of the sample is
carefully measured with a caliper, and
the width of the sample with a
micrometer.

The sign of residual stresses is
determined by the change in the length
of the sample. If the length of the
sample has increased, it means that the
metal layers in which tensile residual
stresses acted have been removed. A
reduced sample length is an indication
that the metal layer in which
compressive residual stresses acted has

The main results of research

As is known, the nature of the
distribution of internal stresses during
plasma hardening depends on many
factors: the parameters of the hardening
regime, primarily the power of the
plasma jet, the hardening rate, the
initial state of the wheel metal, etc.

The distribution of residual
stresses across the hardened bandage
layer during plasma quenching shows
the following. When processing
without melting the surface in the
range of jet powers P = 4-11 kW,
tensile stresses ov = 100-140 MPa are
observed in the center of the hardened
layer, and at the interface with the base
metal they increase to 250 MPa.

With an increase in the power
of the plasma jet (arc) in the interval P
= 11-14 KW, compression stresses oV =
180-250 MPa are formed in the center
of the hardened layer. A further

been removed. To do this, carefully
measure the length of the sample
before removing the edge, and then
after each removal. From the difference
in sample lengths before and after
removal, A | is determined.

The cross-sectional area F =
bxh is calculated before and after each
removal. The difference in the
respective areas determines AF- the
cross-sectional area of the remote strip.
The stress in the sampleisc = EA 1/,
kg / mm2, where E is the modulus of
elasticity of steel, E = 21000 kg / mmz2.
According to the results of
measurements and calculations, a
conclusion is made about the nature
and distribution of residual stresses [7].

increase in power to P = 15-17 kW
with access to the micromelting mode
Is noted by an increase in the value of
residual compressive stresses to ov =
250-380 MPa [8.9].

The magnitude and nature of
the distribution of residual stresses is
significantly affected by the plasma
hardening rate. At low hardening rates,
tensile stresses form in the center of the
hardened layer, which is due to the
predominance of stresses from thermal
volume changes over stresses from
phase-structural stresses. With an
increase in processing speed over 10
mm / s, the sign of stresses in the
center of the hardened zone changes.
The nature of the distribution of
residual stresses over the depth of the
hardened layer depending on the
hardening rate is shown in Figure 1



1) Vhara = 3,5 mm/s; 2) Vhara =10,0 mm/s; 3) Vharg = 14,5 mm/s.

Figure 1 - Distribution of residual stresses along the depth of the hardened layer
depending on the hardening rate

The distribution of residual stresses
along the depth of the hardened layer
depending on the hardening speed (3.5
mm / s; 10.0 mm / s; 145 mm / s)
shows that the maximum value of the
residual compression stresses (at Vupr
=10.0 mm /s ~ 400 MPa) is located in
the subsurface layer of the metal of the
Discussion of the data

From the experimental results it
follows that in order to increase the
wear and crack resistance, as well as
the fatigue strength of the metal when
setting the plasma hardening regime, it
IS necessary to create conditions
leading to a maximum value of the
residual compressive stresses in the
surface and subsurface metal layer and
a change in the sign of the residual
stresses at the interface with the initial
structure by transferring compressive
residual stresses to tensile ones. In our

wheel, and at the border with the initial
metal structure, the sign of the residual
stresses changes. As noted above, the
formation of residual compressive
stresses in the hardened metal layer
enhances crack resistance and fatigue
strength.

experiments, this is achieved with a
plasma jet power of 14-15 kW,
hardening speed of 10-15 mm /s, and
the width of the hardened track 25-30
mm.

The results of the assessment of
residual stresses by changing the length
of the sample are presented in table 1.
Note that the assessment of internal
stresses by changing the length of the
sample is not strict, since it is based on
certain assumptions.

Table 1-Determination of residual stresses by changing the length of the sample



Character
Operations | houm | bum I, um F,MM2 AF, Al, o, Kl dISFI‘IbUtIOI’]
2 residual stress
MM MM
Before 5 40 100 200 - - -
deletion
After - - - - - - R
uninstall
1 5 39,5 99,30 1975 | 25 | -0.70 -148.0 | Compressive
2 --1-- 39,0 98.35 1950 | --1-- | -0,95 -202.8
3 --1-- 38,5 97.05 1925 | --1-- | -1.30 -281.3
4 --1-- 38,0 96,25 190,0 | --1-- | -0.80 -174.6
5 --1-- 37,5 96.25 1875 | --1-- 0 0 Change sign
stresses
6 --1-- 37,0 96,75 185,0 | --1-- | +0.50 +108.5 | Stretching
7 --1-- 36,5 97.42 1825 | --1-- | +0,67 +144.4
8 --1-- 36,0 98.25 180,0 | --1-- | +0.83 +177.5
9 --1-- 35,5 99,20 1775 | --1-- | +0.95 +201.1
10 --1-- 35,0 99.80 1750 | --1-- | +0.60 +126.3
Conclusion

1. From the analysis of literature data it
follows that the desire for mandatory
removal of residual stresses in many
cases is unjustified. The presence of
compressive stresses in the surface
layer of heavily loaded products
significantly increases the resistance to
fatigue spalling and their wear and
crack resistance.
2. An X-ray study of the distribution of
residual stresses on the surface and in
the depth of the hardened layer of
metal of the wheel showed that the
nature of the distribution of residual
stresses depends on the power of the
plasma jet (arc), the hardening rate, and
the initial state of the metal.

3. It is shown that in order to increase
the wear and crack resistance, as well

as the fatigue strength of the metal
when setting the plasma quenching
mode, it IS necessary to create
conditions leading to the maximum
value of the residual compressive
stresses in the surface and subsurface
layer and a change in the sign of the
residual stresses at the interface with
the initial structure Dby translating
compressive tensile stresses.

4. The results of x-ray studies of the
distribution of residual stresses are
qualitatively confirmed by the data of
the destructive mechanical method,
indicating that compressive stresses act
in the surface layers of the rim, which
in tensile layers of the rim transform
into tensile stresses.
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UCCJIEJOBAHUE PACHPEJEJEHUSA OCTATOUYHBIX HATIPSI)KEHU I
B OBOJAE TEPMOOBPABOTAHHOI'O KEJE3HOJIOPOKHOI'O
KOJIECA

' Kanaes A.T . 2 Capcemobaesa T.E .

Pe3rome

[Toka3aHo, 4YTO TpU TMOBEPXHOCTHOM IUIA3MEHHOM 3aKAJIKE XapakTep
pacnpeaeneHnst OCTaTOYHBIX HANPSKEHUN 3aBUCUT OT MOIIHOCTHU IUIa3MEHHOU CTPYH
(myr#), CKOPOCTH YIPOYHEHHUS ¥ HCXOAHOI'O COCTOSIHUSA MeTauia. OTMEUEHO, YTO s



MOBBIIICHUA HW3HOCO M TPEUIMHOCTOMKOCTH, a TaKXe YCTAIOCTHOM MPOYHOCTH
MeTajula KoJieca MPU HA3HAYCHUM pEeXUMa IIJIa3MEHHOW 3aKalku HEO0XOIUMO
CO3/1aThb YCIJIOBUS, IPUBOASIIME K MaKCUMAJIIbHOMY 3HAUEHUIO OCTAaTOYHBIX
CXKAMAIOIIUX HANPSHKCHUHM B NOBEPXHOCTHOM M IIOJAIIOBEPXHOCTHOM CJIO€ U
M3MEHEHUIO 3HAKA OCTATOYHBIX HANPSHKCHUN Ha TPAHULE C UCXOJHOW CTPYKTYpOU
IyTeM IIEPEeBOJA CKUMAKOIIMX HANPSHKEHUW B pacTaruBaromve. Pesynprarsl
PEHTIeHOTpaPUIECKUX HCCICOBAHUN paclpeie]ICHUs] OCTATOYHBIX HAMPSHKCHUIM
Ka4eCTBEHHO TMOJATBEPKIAOTCA NAHHBIMHU Pa3pyIIAIONIEr0 MEXaHHMYECKOTr0 METOJA.
OueHka xapakTepa pacupeaeaeHNus] OCTATOUYHBIX HAMPSIKECHUNA N0 U3MEHEHUIO IJTMHBI
o0Opaslia CBUAETEILCTBYET O TOM, YTO B IMOBEPXHOCTHBIX CIIOSIX 000/a NEHUCTBYIOT
CKMMAIOILME HANpsDKEHMs, KOTOpble B 0oJiee TIyOOKHX cilosX 0007a Mepexonsr B
pacTATUBAIOIINE HANIPSHKEHUS .

Karouesbie ciioBa

[Lra3ameHHass  3akajika, OCTAaTOYHBIE  HAMNPSDKCHUS, PEHTTCHOBCKUH U
MEXAaHUYECKUA  METOAbI, PACHPEACICHHUE  HANPsKEHUW,  HU3HOCOCTOMKOCT,
YCTAJIOCTHAs TMPOYHOCTH, 000J Kojeca, IIJIa3MEHHas CTpyH, KOHTaKTHas
[NOBEPXHOCTh, YIIPOUHEHHBIN CJIOM.

TEPMUSAJIBIK KOJIMEH OHJAEJI'EH TEMIPXO.JI
JOHIF'AJTAKTAPBIHBIH OBOAbIHIAT'BI KAJIABIK KEPHEYJIEP

1Kanaee A.T., 2Capcem6aeea T.E.
Tyiiin

CeIpTKBl  KabaThl TUIa3MalbIK  IIBIHBIKTBIPY —apKbUIBI  OCpIKTEHAIPUITCH
TEMIPKOJI JTOHFAJIAFbIHBIH OOOJBIHIAFRl 1Kl KAJABIK KEpHEYJEpAiH Tapaslysl
3eprresai. ChIpTKBI Ka0aThl TUIa3MajiblK MIBIHBIKTHIPBIIFAHIA KAIJIBIK KepHEYIepaiH
Tapaixybl JIOFaHBIH KyaTblHa, OCPIKTEHIIPY KbUIJAMIBIFBIHA >KOHE METaJIbIH
OacTamkpl Kol KyiiHe OaiylaHbICTBI OOJATHIHBI KepceTuireH. OOOATHIH TO3yFa
TO3IMIUIIK MIEH KapBIKIIAKTHIKKA KAPCHUIBIFBIH apTThIPY, COHBIMEH KaTap, JIOHFajIaK
METaJbIHbIH [Iapiay OEpIKTITIH KOTEpY YUIIH MJIa3MaJIbIK IILIHBIKTHIPYIbIH KECTECIH
Oenrisieyne CHIPTKBI JKOHE OJaH TOMEH KabaTTa KalJIbIK KEPHEYJIEPAiH KOFaprbl
MOHIH KaMTaMachl3 €Ty YIIIH XoHE KYPbUIBIMHBIH OacTamKbl MIETIHIE KbICY KaJAbIK
KEepHEYJEPiHiH CO3y KalAbIK KEpHEYyJIepre aybICyblHA KaF[ail jkacay KepeKTiri aTam
eTuireH. Kanaplk KepHeyJlepAiH TapaldyblH PEHTICHOIpAPUSIBbIK OICIIEH aHBIKTAy
HOTWD)KECIHJIE MEXaHUKaJbIK KHUpaTaThlH OJICIEH 3epTTey TOJBIKTal KyMTa
TONENIEHTIHAITT KopceTuireH. Kanabik kepHeylepAiH TapadyblH YITri Y3bIHIBIFBIHBIH
e3repyiHe OaillaHbICTBI ~ Oarasiay JIOHFQJIAKTBIH CBHIPTKbl  KaOaThIHAAQ  CBIFY
KepHEYJIEpIHIH TMaijia OOJIyblH, aj oJapHAblH  TOMEHr1 KabaTTapblHla CO3Yy
KEpHEYJIEpIHE aybICATHIHBI KOPCETUITEH.

Kinrrik ce3aep



[1nma3ManbIK MIBIHBIKTHIPY, KaJIABIK KEpHEYJIep, PEHTTCH >KOHE MEXAHHKAJBIK
omicTep, KalAblK KEpHEYJIEep/IH Tapalybl, TO3yFa TO3IMIUIK, Mapiiayra OepiKTikK,
JIOHFaJIaK UET1, IJIa3MaJIbIK aFbiH, OaimaHbic 0€Ti, OEpIKTEHIIPY KaOaThl.
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Summary

In the rim of a railway wheel hardened by surface plasma hardening, the
nature and distribution of internal residual stresses are investigated. It is shown that
during surface plasma hardening, the nature of the distribution of residual stresses
depends on the power of the plasma jet (arc), the hardening rate, and the initial state
of the metal. It is noted that in order to increase the wear and crack resistance, as well
as the fatigue strength of the wheel metal when setting the plasma quenching mode, it
IS necessary to create conditions leading to a maximum value of the residual
compressive stresses in the surface and subsurface layer and a change in the sign of
the residual stresses at the interface with the initial structure by translating
compressive stresses in stretching. Results of x-ray studies of the distribution of
residual stresses are qualitatively confirmed by the data of the destructive mechanical
method. An assessment of the nature of the distribution of residual stresses by
changing the length of the sample indicates that compressive stresses act in the
surface layers of the rim, which in tensile layers of the rim transform into tensile
stresses.
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Plasma hardening, residual stresses, X-ray and mechanical methods, stress
distribution, wear resistance, fatigue strength, wheel rim, plasma jet, contact surface,
hardened layer.



