ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec Tpancropry. BicHuk J{HIporneTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCHTETY 3ali3HUYHOro Tpancnopty, 2013, Bum. 3 (45)

MOJEJITOBAHHA 3AJAY TPAHCIIOPTY TA EKOHOMIKHN

UDC [629.46.027.5:625.1.033.373]:519.87

L. A. MANASHKIN? S. V. MYAMLIN'"

“Faculty “Mechanical Engineering”, New Jersey University of Technology, New Jersey, USA
"Vice-rector, Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan, Lazaryan Str., 2,
49010, Dnipropetrovsk, Ukraine, tel. +38 (056) 776 84 98, e-mail sergeymyamlin@gmail.com

TO THE QUESTION OF MODELING OF WHEELS AND RAILS WEAR
PROCESSES

Purpose. There is a need of wear process modeling in the wheel-rail system. This is related to the fact that the
wear processes in this system are absolutely different in the initial and final stages. The profile change of rail and,
especially, of the wheels caused by the wear significantly affects the rolling stock dynamics, traffic safety and the
resource of the wheels and rails. Wear modeling and the traffic safety evaluation requires the accounting of the low
frequency component forces (including the modeling of transitional areas) affecting the wheel on the side of the rail
and carriage in motion of rolling stock, so the statistical analysis is not possible. Methodology. The method of
mathematical modeling of the wheel set and the rail interaction was used during the research conducting. Findings.
As a result of the modeling of the wheel set motion on the rail track, the mathematic model with 19 freedom degrees
was obtained. This model takes into account the axle torque and studies wheels constructions as the components of
the mechanical systems, consisting of a hub and tire. Originality. The mathematic model allows evaluating the wear
degree of the wheels and rails when using on the rolling stock not only all-metal wheel sets, but also compound ones
with the use of spring wheels and independent rotation of semi-axes with the wheels. Practical value. The devel-
opment of the improved mathematical model of freight car wheel set motion with differential rotation of the wheels
and compound axles allows studying the wear processes of wheels and rails.
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Introduction

The most common existing models of railway
vehicle oscillations are maladapted to solving the
problems related to the wear of railway wheels and
tracks and to the forming of traction and braking
forces. These models describe in detail the move-
ment of vehicle body and bogies, perturbed by ki-
nematic assignment of the wheels and rails irregu-
larities or by wheel center accelerations [1, 12, 15].
Such models allow considering the low-frequency
region of the oscillation spectrum on the suffi-
ciently long track section and the influence of the
bogie constructive parameters on the car body os-
cillations. In this case the high-frequency compo-
nents of the wheels and rails oscillation spectrum
are out of consideration. One should pay a tribute
that these problems are reflected in investigation of
the noises occurring in the motion of vehicle [13],
but not in investigation of the wear of these impor-
tant system elements. In these cases, we think it
would be correct to describe in detail oscillations
in the system "wheel set-rails" (hereinafter referred
to as — ws-r) caused by their irregularities at the
given comparatively low frequency dynamic forces
into the points of the wheel centers. These forces

affect the ws-r on the side of the bogie elements
due to the oscillations of the bogie and body of the
vehicle. Previously various authors studied the
mathematical model of oscillations of both the rail
vehicle in general and its separate elements [2, 6,
7, 8, 9]. However, Professor De Pater [5] analyzed
the wheel set movement including and excluding
the rail tracks irregularities, although in simplified
form.

Purpose

Thus, nowadays, there is a need of wear proc-
ess modeling in the wheel-rail system. This is re-
lated to the fact that the wear processes in this sys-
tem are absolutely different in the initial and final
stages. The profile change of rail and, especially,
of the wheels caused by the wear significantly af-
fects the rolling stock dynamics, traffic safety and
the resource of the wheels and rails. Wear model-
ing and the traffic safety evaluation requires the
accounting of the low frequency component forces
(including the modeling of transitional areas) af-
fecting the wheel on the side of the rail and car-
riage in motion of rolling stock, so the statistical
analysis is not possible.
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Methodology

During research the method of mathematical
modeling of the wheel set and the track interaction
was used. A simple analysis shows that in the case
of the wheel motion with a real flat spot of the 20
mm length and the "depth" relative to the thread
surface 0.1 mm the duration of the rolling wheel is
1 ms at a speed of 20 m/sec. It corresponds to the
move frequency of the contact on the vertical of
0.5 kHz (assuming that the impact duration corre-
sponds to half of the period of sinusoidal oscilla-
tion). Acceleration of the contact point in condi-
tions of above mentioned impact interaction equals
1000 m/s’. If the rim, approximate weight of which
is 0.21 t. will move with such vertical acceleration,
then inertial force of the rim only will equal 210
kN (taking into account that the static loading on
the rail is 108 kN).

At the same time, according to the paper [10]
natural frequency of the wheel rim rotation “rela-
tive to the axle, which is perpendicular to the cen-
ter line of the wheel” is only 187 Hz, the natural
frequency of central displacement of the rim is 340
Hz and the lowest forms of the rim bending — are
366 and 947 Hz. The natural frequencies of the
wheel set torsional oscillations with drive elements
of electric locomotive of the type E120 equal 16
and 50 Hz [3, 7]. On the other hand, for example,
in case of the wheel-rail adhesion break or in case
of wheel sliding there appear torsional oscillations
of the wheel set with relatively high frequency and
the bearing point vibration of the wheel relative to
the rail in the longitudinal direction. Considering
that on these vibrations can be imposed the vertical
forces, which can both unload the contact or load
it, then these movements of the wheel and contact
can have a substantial role on the movement resis-
tance of the certain wheel set, on the level of trac-
tion force being realized by the wheel and on the
erosion and wear, including the corrugations of the
rails. In the case of excitation of torsional oscilla-
tions of wheel set or rims, the frictional force oc-
curring in motion will have the wearing influence
on the rail at a frequency twice as much as the fre-
quency of the natural torsional oscillations. Fluc-
tuations of the vertical force will modulate the fric-
tion force of the friction oscillations. Owing to this
modulation in the friction force spectrum wearing
the rail will be the components of a double fre-
quency of wheel set torsional oscillations and of

120

frequencies, which are equal in the sum and differ-
ence of the doubled frequencies of torsional oscil-
lations and the frequencies of vertical force
changes of the interaction between wheel and rail.
Oscillations with the smallest differences £2,;, (in
Hz) of these frequencies determine maximum
length A..x of corrugations in the track section with
the given average velocity v of car movement.
The wavelength A is calculated by the ratio
Amax=V /€2,in. Certain rail defects run the mecha-
nism of the wearing oscillations at the given track
section, which causes the wearing of rails and all
the wheels of train.

On the other hand, during the wheel motion on
the tracks occur the surface waves of sufficiently
high frequency. These waves occur as a result of
unavoidable sliding of the contact patch relative to
the rail and vertical interaction forces. The most
interesting waves among them are probably the
Rayleigh and Love waves [11]. The Rayleigh wave
causes the displacement of the rail surface points in
horizontal (along the rail) and vertical direction. If
the vertical displacement of the rail surface can be
neglected because of its smallness, the horizontal
displacement, despite of its smallness, has a sig-
nificant velocity of displacement due to the high
frequency of oscillations. This will certainly have
an impact on the relative sliding velocity of the
wheel contact point relative to the rail, so it will
have an impact on the wear of the wheel and the
rail surface. If the Rayleigh surface waves occur in
the isotropic body, the surface Love waves causing
the horizontal displacement of the surface points
perpendicular to the direction of motion, occur in
bodies with the blanket. This blanket is formed in
the rails and on the wheel thread during processing
treatment. Oscillations corresponding to the Love
waves are also high frequency. They can lead to
significant velocity of points displacement in the
transverse direction and hence to the wear. Fur-
thermore, in this case the surface curvature of rail
bearing and wheel thread can somehow influence
integrally the lateral forces and motion resistance,
which is an independent task and requires a special
consideration.

Findings

Excitation of the surface waves during the roll-
ing stock motion results in the formation of stand-
ing waves in certain track sections, which are lim-
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ited by the clinches or surface defects. In the anti-
nodes of displacement velocities the high fre-
quency wheel slides relative to the rails occur.
They provoke rapidly changing friction forces and
intense wear relative to the other sections of the
rails, which in turn leads to the wavelike shortwave
rail wear. At this wavelike wear the wavelength
should be twice shorter than the length of the
standing wave.

Thus, the above-described cases of the wheel
set dynamic loading lead to the need of more de-
tailed study of the formation of wheel set fluctua-
tions in the interaction with the rails.

In this paper the movement of the wheel set is
generally presented (Figure 1) as a spatial motion
in the following manner:

1. The translational motion of the wheel rims
relative to the wheel hub.

2. Spatial translational movement of the wheel
set axle with the hubs of the wheels and axle
boxes.

3. Rotational movement of the wheel set rela-
tive to the vertical and longitudinal axes.

4. Rotational (including torsion) motions of the
wheels, combined with the half of the axle of the
wheel set relative to its axis.

5. Reduced masses of the track defining start-
ing resistance of the track during its high frequency
interaction with the wheels.

As a result of modeling of the road wheel pair
motion on the track the mathematical model with
19 freedom degrees is obtained. This model allows
accounting the axle torsion, as well as studying the
wheel design as a complex mechanical systems
consisting of a hub and tread.

Originality and practical value

Parameters of connection of two parts of the
wheel set during its rotation around its axle can be
defined as the parameters of the wheel set axle tor-
sion. These parameters can be changed with time
depending on the boundary conditions of the tor-
sion. The conditions are defined by the wheel slide
relative to the track. In case only one wheel is in
adhesion with the rail, the parameters correspond
to the torsion form of the wheel set with a choked
right or left wheel and free opposite wheel. In case
both wheels slide, the parameters are chosen on the
basis of the torsion form with two free wheels. If
there is no sliding on both wheels, the parameters

are chosen on the basis of the torsion form with
two choked wheels.

In order to exclude the value gaps of the gener-
alized forces in the moments of changing of the
wheel set torsion parameters during the integration
of the motion differential equations, the general-
ized forces are calculated at the each time stage of
numerical integration by adding of their change at
the stage to the strength Vﬁlue at the previous stage.
= 35, -

| M

S
A

It should be noted that the separation of the
wheel rims into separate solids in the design
scheme of wheel set is described in [1] and in [14]
in relation to the locomotives with rubberized
wheels. Thus, the presented mathematical model
allows evaluating the wear degree of the wheels
and rails when using on the rolling stock not only
all-metal wheel sets, but also the compound ones
with the use of spring wheels and independent ro-
tation of semi-axes with the wheels.

Conclusions

The feature of the work is research of the simi-
lar model in relation to the wheel sets with steel
wheels. In the paper [4] the wheel rim displace-
ment relative to their hubs is partially studied. In
general, the wheel set movement of the freight car
is described by the 19 freedom degrees.

Thus, an improved mathematical model of the
freight car wheel set motion is presented. The
model allows one to research the wear processes of
the wheels and rails.
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MOA0 NUTAHHSI ITPO MOAEJTIOBAHHA NPOLECIB 3HOCY
SAJIIBHUYHHUX KOJIIC I PEMOK

MeTa. IcHy€e HEOOXiIHICTh MOJICIIOBAHHS IPOIIECY 3HOIIYBAHHS B CUCTEMI Kojeco-peiika. Lle mos'si3aHo 3 TUM,
10 MPOILIECH 3HOILIYBAHHS B LIl CUCTEMI Ha MOYATKOBIM Ta KIHIEBIH CTajisX MPOTIKAIOTh ICTOTHO MO-Pi3HOMY.
[Tpuyomy 3miHa npodiniB perok i, 0COOIMBO, KOJIIC, BUKIMKaHa 3HOIYBAHHSM, CyTTEBO ITO3HAYAETHCS HA AMHAMILI
PYXOMOTO CcKJany, Oe3neku pyxy, pecypci Kouic i peiiok. MojentoBaHHS 3HOIIYBaHHs 1 OLIHKa OE3NEKH pyxy
eKilla)Xy BHMarae BpaxyBaHHS HHM3bKOYACTOTHHX CKJIQJIOBHX CHJI (y TOMY YHCII IPU MOJEIIIOBaHHI IEPeXiIHUX
JUISTHOK), 11O JIiIOTh HA KOJeco 3 OOKy peWKH 1 eKimaxy IpH pyci pyXOMOTo CKJaly, TOMY CTaTUCTUYHUM aHaji3
HeMOxJMBUiA. MeToauka. [Ipy BUKOHAHHI JOCIIIDKEHB 3aCTOCOBYETBHCS METOJ MAaTeMaTHYHOTO MOJCIIOBAHHS
B3a€MOJIiT 3aJII3HUYHOT KOJICHOI MapH i peikoBoro nusixy. PesyasTaTn. Y pe3yipTraTi BAKOHAHOTO MOIETIOBAHHS
PYXy HOpPOXKHBOT KOJIICHOI Iapu 10 PeHKOBOMY LUISXY OTPUMAHO MaTeMaTW4HY MoJelb 3 19-TbMa CTymIeHsIMH
cB00OIM, IIO JO3BOJSIE BPAaXOBYBAaTH KPyUEHHS OCi, a TaKOX pO3IMIAAATH KOHCTPYKLii KOJMIC AK CKIaJOBHX
MEXaHIYHUX CHCTEeM, IO CKJIaJaroThcs 3 cTynmui i Oannmaxa. HaykoBa HoBu3Ha. IlpeacraBiena maremMaTHYHA
MOJIENIb O3BOJISIE OIIHIOBATH CTYIIHb 3HOLTYBAaHHS KOJIC 1 peHOK HpM BUKOPUCTAHHI Ha PyXOMOMY CKJIadi He
TUIBKU CYLIIBHOMETAIEBUX KOJIICHUX Iap, a ¥ CKJIQJI0BHX, 3 BAKOPUCTAHHSIM MiANPYKUHEHUX KOJIIC 1 HE3aJIEHKHUM
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obepranHsM miBBiceil 3 konecamu. IlpakTmyna 3HaumMicTs. CTBOPEHHS BIOCKOHAJIEHOI MaTeMaTHYHOI MoJesi
PYXy KOIICHOI apy BaHTa)XKHOTO BaroHa 3 Mu(epeHIiifoBaHIM 00epTaHHIM KOJIC 1 CKIIAIOBUMH OCSIMH JO3BOJISIE
JTOCTIIKYBaTH MPOLECH 3HOCY KOJIIC 1 peHoK.

Knrwouogi crosa: 3H0C; MOIEMIOBaHHS; Oe3eKy PyXy; KOJIMBaHHS KOJIICHOI ITapu; JHHAMIKa PyXOMOTO CKJIaxy
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akanemuka B. Jlazapsiaa, yi. Jlazapsaa, 2, 49010, [JnenponeTpoBek, Ykpauna, Ten. +38 (056) 776 84 98, »n. moura
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K BOITPOCY O MOAEJIMPOBAHUUA ITPOIECCOB N3HOCA
KEJE3HOAOPOKHbBIX KOJIEC U PEJIBCOB

Heap. CymecTByeT HeOOXOAMMOCTb MOJSIMPOBAHUS MTPOIlecca N3HOCA B CHCTEME KOJIECO-PETbC. DTO CBA3AHO C
TEM, YTO TPOIIECCHl M3HAIIMBAHUS B 3TOM CHCTEMe Ha HAYallbHOW M KOHEYHOH CTaJMsAX MPOTEKAIOT CYIIECTBEHHO
mo-pasHomy. Ilpmuém wu3MeHeHue mnpoduieil penbcoB U, OCOOEHHO, KOJIEC, BBI3BAHHOE H3HALIMBAHUEM,
CYIIIECTBEHHO CKa3bIBAE€TCS HAa IWHAMHKE MOJBIDKHOTO COCTaBa, OE30MacHOCTH IBWKEHHUS, pecypce Koiéc M
penbcoB. MopennpoBaHue W3HOCA M OLIEHKA Oe30MIacHOCTH ABIKCHHS JKHITaXa TpeOyeT yduéra HM3KOYaCTOTHBIX
COCTaBIIIONMX CHI (B TOM 4YHCIEe IPU MOJEIHPOBAHHM IEPEXOJHBIX YYACTKOB), NEHCTBYIOIIMX Ha KOJIECO CO
CTOPOHBI peNibca U SKUIMaXa MPU JBUKEHUH MOJIBUYKHOTO COCTaBa, MOTOMY CTaTUCTHUECKUN aHAIU3 HEBO3MOJKEH.
Mertoauka. Ilpu BBINOJ-HEHWU UCCIENOBAaHUM MPUMEHSETCS METOJ MaTeMaTHUYeCKOro MOJEIHPOBAHUS
B3aUMOJICHCTBUS JKEJIE3HOJOPOKHOM KOJIECHOM mapbl M pelbcoBoro mnytu. Pesyabrarbl. B pesynbrate
BBINIOJITHEHHOTO MOJIEIUPOBAHMs JBMKEHHSI JOPOXKHOM KOJIECHOM mapbl IO pebCOBOMY IyTH MOJIydyeHa
MaTeMaTHJeckass Monenb ¢ 19-ThI0 CTemeHsSAMH CBOOOIBI, IO3BOJSIONIAS YYHUTHIBATH KPYUYCHHE OCH, a TaKKe
paccMaTpuBaTh KOHCTPYKIIMH KOJIEC, KAK COCTABHBIX MEXaHHYECKHX CHCTEM, COCTOSIIUX M3 CTYIHIBI M OaHIaxa.
Hayunas noBm3Ha. [IpencraBieHHas MaTeMaTH-uecKas MOJIENb MO3BOJISIET OICHHWBATH CTENCHb M3HOCA KOJec U
PENbCOB TPH WCIIONB30BAaHUKM HA IOABM)KHOM COCTaB€ HE TOJBKO IEIbHOMETAIIMYECKUX KOJECHBIX Map, a u
COCTaBHBIX, C HCIOJH30BaHUEM MOINPYKUHEHHBIX KOJEC M HE3aBHCHMBIM BpAIICHHEM IIOJIyOCeH C KoJecaMiu.
IpakTnyeckas 3HauuMocTh. Co3/1aHNE YCOBEPIICHCTBOBAHHOW MAaTEMAaTHUECKOW MOJENN JBHMKCHUS KOJIECHOM
nmapsl Ipy30BOro BaroHa ¢ JuddepeH-LMpOBaHHBIM BpAIlEHUEM KOJIEC M COCTaBHBIMU OCSIMH IIO3BOJISIET
WCCIIeIOBATh MPOIIECCHl H3HOCA KOJIEC U PENILCOB.

Kniouesvie cnosa: W3HOC, MOJCTUPOBaHKE; 0€30MACHOCTh JBMIKCHUS; KOJCOAHMs KOJIECHOW Maphl; TUHAMHKA
IIOJIBHXKHOI'O COCTaBa
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