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THE DOWNHILL BRAKED RAILWAY WHEEL STRUCTURAL ANALYSIS
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CTPYKTYPHUI AHAJII3 3AJI3BHUYHOI'O KOJIECA
ITPU T'AJIBMYBAHHI HA CIIYCKY
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Article deals with the detection of reduced stress in a braked
railway wheel based on thermal transient analysis on virtual
models, because they influence the characteristics of the rail-
way wheels. Structural analysis was performed by means of
the ANSYS Multiphysics program system package. Thermal
transient analysis deals with the detection of temperature
fields which are result of braking by brake block. The applied
heat flux represents the heat generated by friction of brake
block. It is applied to the quarter model because of the accel-
eration calculation. This analysis simulates two braking with
subsequent by cooling. Distribution of the equivalent stress
was detected in the cross section railway wheel, at selected
points. The input parameters were used from the thermal tran-
sient analysis. These equivalent stresses result due to thermal
load.

Keywords: railway wheel, brake block, residual stress, transi-
ent thermal analysis.

Introduction

The brake system of railway vehicles is an im-
portant subsystem in terms of driving safety. Investigat-
ed issue is process of non-stationary temperature fields
spreading, generated by the braking railway vehicles [1,
2]. Thermal load of railway wheels arises when braking
the brake blocks. The contact stressess of crucial values
arise. There arises the need for their analysis and pre-
supposition by means of analytic tools too [3, 4, 5]. It
has significant share of the impacts that lead to wear -
modifications of the driving wheel profile and damage
to the wheel tread. We have to investigate the influence
of railway operation to the modification of the wheel
profiles analytically [6]. There are different methods,
they are usefull for this investigation [7, 8, 9,10]. We
have to consider two factors in the process of braking.
Railway wheel is overheated by the brake block at the
point of contact. The wheel /rail contact phenomena in-
fluence the geometry parameters. From the long life,
continuous and intensive reaserch is clear, that contact
geometry and contact stresses are connected very close.
There were performed works for decreasing of contact

stress parameters and vehicle ride behaviour by modifi-
cation of contact profiles [11, 12]. It is loaded by the
normal [3, 7, 10] and tangential [8, 9, 10] stress, which
is the source of the braking process. Brake blocks are
structurally designed as adhesive brakes. The braking
effect of the vehicle with respect to the track is carried
out in the wheel-rail contact via the contact surface. The
combination of vehicle wheel loading from thake blocks
braking and rolling on the rail is for analytic simulation
very complicated. The great advanture comes with the
experimental laboratory research.

Professional public must pay attention to studying
[14, 15] the effects of thermal and mechanical loading
wheels of railway vehicles of reasons: the operation of
vehicles, protection of life and health of the traveling
public, reliable transport material and minimizing the
negative effects of rail traffic on the environment.

Article deals with the detection of reduced stress in
a braked railway wheel based on thermal transient anal-
ysis. Railway wheel is loaded by heat flux, which is ap-
plied on the contact surface. This topic is discussed in
more detail in mentioned literature and references.

1 Residual stresses

In design and computational practice a material is
usually considered as homogeneous isotropic continu-
um.

The deformation of bodies and stress occurrence
happens mainly due to:

Mutual power action of bodies.

Action of field of temperature,

- Homogenous (tension appears when thermal dila-
tation of body is restrained),

- Non - homogenous (tension appears even if
thermal dilatation of body is free).

If the plasticity condition is not satisfied, active
tensions occur in elastic area and after removing of
causes of their formation it completely disappear.
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If formation of elastic plastic state arises in any
point of a body, then after removing of formation causes
(power, distortive and thermal), some residual stresses
stay in a body.

1.1 Consequences of the residual stress state

Certain residual state of stress remains almost al-
ways in structural materials due to their production
technology.

Residual stresses can be:

Helpful — e.g. peening are introduced compressive
stresses in the surface layer, leading to prolongation of
lifetime.

Harmful — cracking, corrosion stress, reduce fa-
tigue limit or brittle fracture resistance (especially nega-
tive effect on tensile residual stresses).

High tensile stresses, induced, for example in the
area of welds cools and phase transformations, may
cause rupture even without additional external forces
[13].

2 ANSYS program package

The program ANSYS (Fig. 1) uses the finite ele-
ment method. Modeling of the finite element method
belongs to the group of numerical methods. This meth-
od develops due to the constant increase in computing
power. Its core is the discretization of bodies on the files
of finite elements [3]. These elements form analogue af-
ter parts field that can be mathematically written [9].

The ANSYS program is generally nonlinear, mul-
tiphysics program including structural and thermody-
namic analysis, analysis of flow continuum, analysis
electrostatic and electromagnetic fields, and acoustic
analysis. All these analyzes can be performed individu-
ally, but thanks ANSYS multiphysics conceived pro-
gram can also be included in one common analysis. The
ANSYS program allows you to not only check calcula-
tions, but also enables optimization and sensitivity anal-
ysis due to parameterized computational models, as well
as the calculations of reliability.

ANSYS Mechanical product is intended to simu-
late the structural and thermodynamic tasks. The pro-
gram includes the complete set of linear and nonlinear
simulation with using linear and non-linear elements,
material models, and contact non-linear algorithms.
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Fig. 1. ANSYS Workbench program system environment

3 Transient thermal analysis in ANSYS pro-
gram

The problem simulates heating of the railway
wheel tread. The railway wheel is braked by the brake
block. The heat generated by friction of brake block,
represents the heat flux of 40 kW. It is around the cir-
cumference of the wheel. The Analysis simulated two
braking for time 100 seconds. The heat flux is applied to
the tread. Railway wheel cools for 200 seconds after
each braking. The value of heat flux is then zero. A
quarter model of railway wheel was created using
CATIA program and imported into ANSY'S program.

3.1 The definition of material properties

Railway wheel is made of steel DIN 40Mn4. The
thermal properties used in the simulation are shown in
Table 1.

3.2. Definition of boundary conditions

A quarter model was used because of the accelera-
tion calculation. The symmetry has been applied to the
model.

The values of the heat flux (power) (Fig. 2) are
shown in table 2. Dependence heat flux to time is shown
in Figure 3.

Table 1
Thermal properties of materials

Property Railway wheel Air
Density p [kg.m™] 7850 1.170
Heat capacity C, [1.kg'1.K''] 486 1100
R\lffﬁﬁsi{c_?]nductwny k 52 0.026
Emissivity [-] 0.28 -
[Dynamic viscosity [Pa.s] - 1.8-10°

Fig. 2. Heat flux applied to the tread of the rail wheel

Table 2
Dependence heat flux to time
Step Time [s] Heat flux [W]
1 0 0
1 10 10000
2 100 10000
3 101 0
4 300 0
5 310 10000
6 400 10000
7 401 0
8 600 0
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Six degrees of freedom were taken to the railway processor: Intel Core i7 3.3 GHz (6 core),
wheel. (Fig. 4). memory (RAM): 64 GB.
Computation time about 25 minutes.
Dependence heat flux to time 4 Results

12000 The maximum temperature value was 172°C at the
_, 10000 time of 400 seconds (Fig. 6), which is at the end of the
% 8000 second braking. The maximum value of the temperature
£ 600 was 138.8°C at the end of the first braking. The maxi-
g 000 mum values were detected in the surface layer of the rail

200y wheel.
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Fig. 3. Dependence of a heat flux to time
Finite element mesh (Fig. 5) was created according

to the dimensional parameters with the following pa-
rameters:

—element size: 10 mm,
—element type: SOLID 90,
—number of elements: 5075, ‘a = = i
—number of nodal elements: 26156.

Fig. 6. Temperatures in railway wheel at
the end of braking (time 400 s)

The temperatures in the cross section of the rail
wheel, at selected points (Fig. 7), are shown in Figure 8.

Fig. 4. Applied boundary conditions

Fig. 7. The selected points, where were evaluated
the temperatures and stresses
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Fig. 5. Finite element model
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Setting solver:

- direct solver with fixed setting step and automatic
control of convergence.

Computation: Fig. 8. Dependence temperature to time in selected points

computing parameters:
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5. Calculation of equivalent stress

Distribution of equivalent stress can be detected
based on thermal transient analysis of braked railway
wheel. These stresses result due to thermal load. We
could use the parameters from the previous thermal
transient analysis thanks the ANSYS program.

The maximum equivalent stress (von - Mises) val-
ue was 212.55 MPa at the time of 400 seconds (Fig. 9).

The equivalent stress in the cross section of the rail
wheel, at selected points (Fig. 7), are shown in Fig-
ure 10.
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Fig. 1. Equvivalent stress in railway wheel at
the end of braking (time 400 s)
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Fig. 10. Dependence stress to time in selected points

Conclusion

One possibility for identifying the impact of ther-
mal and mechanical loading on braked railway wheel is
the use of appropriate software and implementation of
computer analyzes.

The article deals with the detection of structural
properties braked railway wheel using a program that
uses the finite element method.

Structural analysis was done on the basis of ther-
mal transient analysis, where it was possible to deter-
mine the distribution of temperature fields during brak-
ing with constant heat flux. Thermal loads are used as
input parameters from the previous thermal transient
analysis. Distribution of equivalent stresses are the re-
sult of the analysis. These stresses result due to thermal
load. This problem was solved in ANSYS program,
which was suitable for this assignments.
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Cyxanek A., Napymmunens M., Jloynosa M. Ctpyk-
TYPHHUIi aHAJII3 3aMi3HUYHOI0 KoJleca MPH rajJbMyBaHHi Ha
CIYCKY

Cmamms npucéauena 6UAGIEHHIO CYMApHOi Hanpyu 6
2anbMIGHOMY 3ANIZHUYHOMY Kojeci, AKa Oyla eusHadena Ha
OCHOBI aMani3y Menio8o20 Nepexionozo npoyecy Ha Gipmy-
ANbHUX MOOE€NAX, OCKINbKU MeMNepamypHi Hanpyeu eniuea-
10Mmb Ha Xapakmepucmuky 3aniznuynux xonic. Cmpykmypruil
ananiz BUKOMYBABCA 3d O00NOMO20I0 NPOSPAMHO20 NAKENy
ANSYS Multiphysics. Tepmiunuti ananiz nepexionux npoyecie
nog'sa3anull 3 GUAGNEHHAM MeMNEPamypHux nonis, aki € pe-
3YIMAMOM  KOIOOKOB020  2anbMy6anHa. Tennosuii nomix
ymeopuecs 6 xoneci  pesyibmami mepms. /[na npuckopenus
npoyecy po3paxynxy mooeniosanacs uepeepms mooeni. Ilpu
00CNIONHCEHHI MOOeNI08ANU 2ANbMYB8AHHA 3 NOOANLUUM 0XO-
JO0MNCEHHAM 1 Oani NOSMOPHUM 2anbmysanHam. Poznodin
exgiganeHmHoi Hanpyau @ Koneci 00CnioHCy8ascs 6 nonepeu-
HOMY nepepizi 6 obpanux mouxax. Bxionumu napamempamu
01 00CHiOJHCeHHsT OYU pe3yIbmamu Mmenioso2o aHa3y ne-
pexionux npoyecie. Exgieanenmui Hanpyeu GUHUKAIU 6 pe-
3ynbmami menio6020 HAGAHMAIICEHHSL.

Knrouoei cnoea: zaniznuune koneco, Koiookoge 2aibMo,
3AMUWKO8T Hanpy2u, nepexionull menioeou anais.

Cyxanek A., l'apymmuen H., Jloymosa M. CTpyk-
TYPHBIi aHAJIU3 KeJIe3HOJOPOKHOIO KoJjieca NMPH TOPMO-
JKeHHH Ha CIycKe

Cmamovs  noceéawjena  0OHAPYIICEHUIO  CYMMAPHO20
HANPAJICEHUS. 8 MOPMOZHOM JHCENEIHOOOPOICHOM KoJlece, KO-
mopoe Obl10 onpedeneHo Ha 0CHO8e AHAU3A MEeN108020 nepe-
X00H020 npoyecca HA GUPMYANbHBIX MOOENAX, HOCKONbKY
memnepamypHvle HaANPANCEHUA GIUAIOM HA XAPAKMEPUCHUKU
arcene3Ho0opodichbix Konec. CmpyKmypHbwlll aHaau3 6bINOIHAN-
¢ ¢ nomowwlo npoepammuozo nakema ANSYS Multiphysics.
Tepmuueckuil ananus nepexooHvlX NPOYeccos CéA3aH ¢ 0OHa-
PpyoiceHuemM memnepamypHuix nosel, Komopble s6IAI0mcs pe-
3YILMAMOM  KOIOOOUHO20 Mopmodcenus. Tennogoti nomox
obpazosancs 6 Konece 6 pe3ynbmame mpenus. J[na yckopenus
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npoyecca pacuéma mMooenuposanacy yepsepms mooenu. IIpu
UCcIe008anUl MOOEIUPOBATU MOPMONCEHUE ¢ NOCAEOVIOUWUM
oxXnadcOeHuemM u oaiee NOSMOPHLIM mopmodcenuem. Pacnpe-
OejleHue KBUBANEHMHO20 HANPANCEHUS 6 Kojlece UCCIed08d-
JI0Cb 6 NONEPEUHOM CeYeHUUU 6 BbIOPAHHBIX MOYKax. Bxoo-
HbIMU napamempamu Oasl UCCAe008aHUs ObLAU Pe3Vabmamol
Meni08020 ananu3d NepexoOHbIX npoyeccos. IKGUANCHNHbLE
HANPANICEHUs BOIHUKANU 8 Pe3yibmame menjioeol Hazpy3Kil.

Kniouesvie cnosa: dicene3nodoposicrnoe Kkoneco, Kono-
OOUHbILL MOPMO3, OCIMAMOYHbIE HANPANCEHUS, NEPEXOOHOU
menioeotl ananus.
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