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ABSTRACT

A great role in the evaluation of questions of the interaction of the rolling stock and the path, along with
full-scale experiment and laboratory research, belongs to the methods of mathematical modeling. The
proposed method allows us to consider the behavior of the rolling stock without large expenditures, in a

wide range of dynamic processes.
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1. INTRODUCTION

In recent years, the dynamics of machines is
actively developing in a number of areas that are
associated with the extensive use of automatic
control theory methods [1]. This is reflected in
solving theoretical and practical issues in robotics
mechatronics, vibration diagnostics, developing
methods and means of ensuring the reliability and
safety of operating complex technical objects [2-6].
Considerable attention is paid to protecting
machines, equipment and equipment from vibration
external influences, which stimulates the
development of scientific and applied research in
the field of system analysis and the development of
dynamic synthesis methods in systems with a
complex structure and variety of dynamic
interactions between elements of different physical
nature [7].

Development of computer technology has created
the conditions for controlling the dynamic state
using mechatronic devices or active control devices
that combine the ability to quickly process
information from sensor systems and their
implementation by servo drives [8].

In this regard, it would be possible to note the
growing interest in the formation of mathematical
models of management processes for the state of
technical objects, taking into account detailed ideas
about the properties of systems and the conditions
of their functioning, the influence of features of the
structural-technical forms and requirements for
dynamic quality. Traditional approaches to solving

these problems are based on the implementation of
a rather complex system of interconnected stages of
studying and constructing design schemes of
objects that reflect their characteristic properties
and features; building mathematical models of
various forms: from systems of differential
equations to structural diagrams and chains of
system analogs; development of methods and
means for solving various problems of estimating
dynamic properties, appropriate selection of
parameters, etc. [9-12]

The construction of mathematical models for
technical objects is partially connected to the
consideration of various mechanical oscillatory
systems [13]. In this regard, of great interest are the
issues of adequate mapping of mathematical
features of the structure, the nature of relationships
between elements, the formation of a set of typical
elements and methods of their connection in
mathematical models. Engineering practice focuses
on the traditionally established ideas about the
elements of technical objects in the form of parts
and assemblies consisting of solid bodies of a
certain shape, connecting devices (springs,
dampers, shock absorbers, dampers, etc.) providing
a certain kind of relative movements [14].

Previous studies on the evaluation of the
accumulation of residual deformations of the
railway track show that the main reason for them is
the vibrations arising from the passage of the rolling
stock. At present, in the study of the dynamics of
railway rolling stock, methods of mathematical
modeling are widely used. They make it possible to
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give a comprehensive assessment of the effect of a
multitude of parameters over a wide range of
changes in their values with insignificant outlays of
resources and time.

2. RELATED WORKS

In solving the problems of the dynamics of
machines, methods of the theory of chains are
found, based on the characteristics of the
construction of chain structures characteristic of
many technical objects of mechanical, electrical
and electromechanical nature. Many problems of
the dynamics of machines are solved in an
interdisciplinary  space, formed by various
approaches and methods of theoretical mechanics,
the theory of mechanisms and machines, the theory
of oscillations and applied system analysis.
Development of methodological foundations for
solving problems of research, design, and
calculation of modern machines is reflected in the
works [15-19]; focused on the analytical apparatus
of system analysis, control theory. Various
applications of theoretical developments are
associated with the dynamics of robotic systems
[20], the tasks of the dynamics of various
mechanisms and machines [21-23], the creation of
technology for calculating and ensuring the
reliability of technical objects in conditions of
vibration effects [24-27].

The peculiarity of the work of many
machines and mechanisms in comparison with
control objects in the theory of automatic control is
the actual coincidence of physical and
informational representations [28]. This is due to
the fact that at a certain level of consideration
mechanical systems are perceived at the level of
transformation of specific force or kinematic
parameters of the dynamic state, which is quite
understandable and follows from the accepted form
of perception, defined by the laws of mechanics. At
the same time, external power and kinematic
parameters can be perceived as input and output
signals, under the assumption that any technical
object can be considered as some kind of converter
[29]. Such a converter provides a certain
connection between the input and output signal.
Taking into account the parameters of such ratios,
one can quite definitely assess the dynamic state of
the machine, its components, and parts. Such an
approach is quite legitimate but requires its own
forms, methods, and methods for the adequate
presentation of mathematical models [30-32].

Mechanical oscillatory systems, consisting
of mass-inertial, elastic (springs) and dissipative
(dampers) links, in many problems of dynamics are
considered as design diagrams. Mathematical
models in the approaches, if we bear in mind the
preliminary stages of the study, are usually reduced
to systems of ordinary linear differential equations
with constant coefficients. With respect to such
systems, a sufficiently detailed methodological base
has been developed, as reflected, for example, in
[33-36]. A number of sections of the theory of
oscillations found application in the theory of
circuits, in particular, when using
electromechanical analogies to study the general
properties of mechanical and electrical systems [36-
40]. The theory of mechanical circuits is developed
in close cooperation with the theory of electrical
circuits, which is predetermined by the notions of
elementary type units [41-42]. The development of
concepts about the properties of elements and
devices of various mechanisms and machines in
those aspects that are associated with the analysis
of the integration possibilities of elastic-dissipative
mass-inertial properties in real constructive forms
were considered in the first section. Note that, as in
electrical circuits, mechanical elements are only
mathematical abstractions. Real physical elements
usually have several properties simultaneously
attributed to these idealized elements. Bodies with
mass usually also have elasticity, and springs
usually have mass. Both in those and in other
bodies, internal energy losses occur, which are
characteristic of elements with viscous friction and
cause damping of oscillations. Finally, the damping
elements are also not without masses. The whole
question is only in the relative significance of these
minor properties of physical elements. The question
of the appropriateness of the inclusion in the study
of those or other secondary properties of the
elements should be resolved independently in each
specific case.

The natural development of such
representations is the possibility of constructing
certain technologies of mathematical models,
which, as mentioned, lead to systems of linear
ordinary differential equations with constant
coefficients [43-44]. The solution of such equations
in applications to the theory of mechanical circuits
often relies on the use of operational calculus,
which gives results in a convenient form for both
the theory of mechanical circuits and the theory of
automatic control, where operator methods are
widely used [45-47]. The fundamentals of
operational calculus as applied to chain structures
are described in [48-52].

e ——
2804



Journal of Theoretical and Applied Information Technology ~
31% May 2019. Vol.97. No 10 ~

© 2005 — ongoing JATIT & LLS e

SMminl

ISSN: 1992-8645

WWWw.jatit.org

E-ISSN: 1817-3195

Managed mechanical systems in their
various manifestations, connected, in particular,
with robotics, mechatronics, active protection
against noise and vibrations, can be attributed to
such complex objects for which the construction of
devices for controlling the state (or motion)
requires taking into account many features of the
task. This requires an assessment not only of the
specifics of the movement of inertial objects but
also of the processes of realization of forces, taking
into account the reactions of elements to influences,
as well as the use of certain technologies for
collecting and processing information [53]. In such
a multi-sided integration, tasks are solved when
building walking machines, active vibration-
protective systems, modern robotic, and flexible
production complexes. If the problems of external
forces, kinematic effects, distribution of
displacement elements, velocities and forces are
related to the problems of mechanics, in its various
applications, then the passage of signals and their
transformations relate mostly to the theory of
communication and control [54]. The latter relates
to the issues of information processing, although
many aspects are common for mechanical systems,
which in the abstracted form consist of a limited
number of typical elements or links [55]. Indicative
in this regard are electrical circuits that have a close
relationship with mechanical circuits based on
electromechanical analogies [56-58].

Thus, at a certain stage of assessing the
dynamic properties of technical objects, it is quite
reasonable to use system approaches based on
generalized ideas about the interactions of a
mechanical system with the external environment,
the elements between themselves and the
conditions for the passage of signals through a
dynamic system.

3. PROBLEM STATEMENT.
CALCULATION SCHEMES OF
VERTICAL OSCILLATIONS OF THE
LOCOMOTIVE

In the study of dynamic processes
characteristic of technical objects, the selection and
construction of mathematical models are of great
importance. At the first stages, the design scheme is
formed as a result of abstraction from irrelevant
concreteness and the transition to the definition of
possible relationships between elements. The next
step in detailing ideas about the processes in

selecting and specifying a model is taking into
account the possibilities of compact description,
convenient use of source data, facilitating the
receipt of necessary information, etc. Models of
continuous processes for which the creation of
sequences can be considered. In this case, the
domain of definition forms a discrete set [59].

There are different approaches and, at the
same time, various mathematical models of the
process of spatial oscillations of rolling stock.

Consider the calculated scheme of vertical
oscillations of the locomotive, not connected with
the train. The features of various design schemes
that can be used to study the oscillations of the
supers orbed structure are presented in table 1 [60].

The calculation schemes are conditionally
divided into six levels (I-VI), possible idealizations
of which are described below. Indirect studies,
these schemes are assembled from a set of concrete
realizations of the reduced levels.

3.1 Level 1

One of the tasks of optimal PS design is
reliable vibration protection of people (service
personnel and passengers) and equipment. For this
purpose, amortization of cabins and power
equipment of locomotives is widely used, and
vibration isolation seats in special wagons. The use
of idealizations presented at level 1 has little effect
on the overall picture of PS variations.

Scheme 1.1 is used in the calculation of
oscillations of locomotives, especially for the
detection of the spectrum of forces in the locations
of installation of vibration dampers:

P o<1 (1)
m bm
Where myy is total mass of the equipment, my is the
body weight.

Scheme 1.2 is widely used in the automotive
industry. It makes it possible to take into account
the frequency characteristics of the human body. In
these cases, there is no need to apply a
"physiological filter" frequencies. For the objective
function, the energy supplied to the mass can be
accepted m1 — head of a person.

Scheme 1.3 is used when it is necessary to take into
account the elasticity of the cabin walls for a more
accurate estimation of the spectrum of sound
frequencies. In transport mechanics, she has not yet
applied the application.
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Table 1: Calculation scheme of vertical oscillations of the locomotive

N

1 | Cushioning  body | 11
component

2 | Body

3 | Connection of the | i

Ho _‘J

body with trolleys
N
trolley

4 | Trolleys 4.1 2 L
L‘E
m

5 | Pair of wheels 5.4

6 | Way 6.1

-3

TR

3.2 Level 2

Scheme 2.1 was most widely used in solving
problems of analyzing and synthesizing spring
suspension. It well reflects the qualitative
characteristics of the PS, especially locomotives, in
the low-frequency region of the perturbation
spectrum. In order to take into account the specifics
of the design schemes of wagons with liquid cargo,
we can consider the value of m1 as a variable.
Scheme 2.2 more accurately reflects the real
properties of the system for medium- and high-
frequency disturbances. This scheme is mandatory
in the analysis of the stressed state of bodies, as

well as the dynamics of high-speed cars. For the
analysis of natural frequencies, schemes without
energy dissipation are widely used. Internal
inelastic resistances are described according to the
hypothesis of E.S. Sorokin or Voigt. The first
hypothesis more accurately reflects the physics of
the process. The analytical determination of the
matrices of the coefficients of inelastic resistances
is currently difficult. For the bodies already built, it
is necessary to identify their elastic-dissipative
characteristics, especially since the information is
available on the nonlinearity of dissipation
characteristics of similar systems. The discrete
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masses mKi can depend on the time when modeling
vertical oscillations of a special substation (for
example, tanks with liquid cargo).

Scheme 2.3 is used to calculate the wvertical
oscillations of the supers orbed structure. Inelastic
resistance is described by the hypothesis of E.S.
Sorokin or Voigt. In principle, calculations under
this scheme can provide greater reliability in
comparison with the calculations of scheme 2.2,
however, in our opinion, its use complicates the
algorithm of the computing process for a computer.

3.3 Level 3

Schemes 3.1 and 5.1 are fairly general idealizations
of the elements of spring suspension. The strength
in these elements is determined by an expression

F =R, 8RS

. WP )
+yR[A, — SlsignS+c6
Here, R is the rigidity of the elements indicated in
the diagram
o=z— Z,, — current deflection of spring
suspension elements
o'= z,—Zz,— current deflection of an elastic

element with R, rigidity

Acm - static deflection of the suspension
c is the coefficient of proportionality
The last three components of formula (2) describe

the friction in the system: Coulomb with the Rpr
force modulus; Coulomb with a modulus of force
proportional to the deflection of an elastic element

having stiffness R and a coefficient of relative

friction v, viscous friction. In the general case, the
values of x, ¢, R o of the functional dependence on
3.
The presence in the elastic element with a rigidity
of the Coulomb friction R, leads to the necessity
of introducing an additional degree of freedom. The
kinematic control for the additional generalized
coordinate z, has the form

1
S'R,,
. 3)
=R(6-8")+R',, sign(6—73")
Equation (3) to subject to formal transformations, it

is more convenient to present in the following
form:

O'R,
. “4)
=-0"(R,, —R,))+F', sign(6-7")

Graphically, the dependence of the force on the
element with stiffness Zx on the force in the

element with stiffness Rp, according to equation

(4) is a nonlinear function of the type of backlash.
Graphically, the dependence of the force on the
element with stiffness xp on the force in the
element with stiffness xpl according to equation (4)
is a nonlinear function of the type of backlash.
Schemes 3.2 and 5.2 are characteristic for spring
suspension having balancers. Studies show that
taking inertial masses into account is particularly
important in determining the coefficients of
dynamics of spring suspension of locomotives.

3.4 Level 4

Scheme 4.1 is most common in studies of vertical
oscillations of the supers orbed structure. For non-
self-propelled wagons and a number of
locomotives, hardly any further complication is
required.

Scheme 4.2 is designed to account for the
suspension of traction motor mD locomotives and
self-propelled cars with a two-stage suspension. As
a result of the research, it was found that neglecting
the traction drive can lead to significant errors in a
certain frequency range.

35 Level 5

Scheme 5.1. most common in studies of
oscillations of the supers orbed structure of a non-
self-moving PS. In this case, the mass of the wheel
pair is given the path mass, which in general is a
variable quantity.

Scheme 5.2, like the scheme described above, is
typical for a self-propelled PS.

Scheme 5.3 is applicable for the detailing of the
elements of a wheel pair and is necessary mainly
for the analysis of loads on these elements.

3.6 Level 6

According to scheme 5.1, the path is considered as
an elastic-dissipative input, the perturbation on
which is formed as a result of a change in time in
the coordinate n or the stiffness parameters zo. In a
number of cases, when analyzing the oscillations of
the supers orbed structure, it can be assumed
without special errors that perturbations are applied
directly to the wheel. The scheme is greatly
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simplified, especially when calculating the multi-
axis PS. When calculating according to this
scheme, you can abandon the time-consuming, and
sometimes, if n(t) — discontinuous function, and
impossible work by definition dn/dt, if accept
damping in transit-dependent on the absolute speed
of wheel movement. In addition, in the high-
frequency part of the perturbation spectrum, the
effect of path oscillations is taken into account. The
elastic-dissipative parameters of circuit 5.2, as well
as the weight of the path given to the wheel, can be
taken as variables, depending on the nature and
magnitude of the load in the path.

According to the scheme 5.2, the path is detailed,
considering it as a set of discrete masses, which
makes it possible to abandon some of the
assumptions of scheme 5.1, for example, the
stiffness constant, the quenching coefficients, and
the reduced path mass. Such detailing is only
necessary for path computations and is less
significant in analyzing the dynamics of the FS
superstructure.

Scheme 6.1 becomes more and more widely used
in the analysis of the interaction between the SS
and the path. According to this scheme, the railway
is viewed as a continuum. The main advantage of
the scheme is the possibility of taking into account

2Lk

the influence of oscillations
wheelsets.

Thus, depending on the purpose of analyzing the PS
as an oscillating system or optimizing certain
design  parameters, its  design  schemes
(mathematical models of the process) can be
modified in a wide range. Note that an unjustified
complication of the design scheme increases not
only the difficulties of its analysis and synthesis but
also the probability of occurrence of increased
errors in numerical methods of analysis.

of neighboring

4. MATHEMATICAL MODEL OF VERTICAL
OSCILLATIONS OF A SERIAL
LOCOMOTIVE VL60

The study of the vertical dynamics of
locomotives poses, basically, two problems - the
analysis of the influence of parameters on the
dynamic quality and the evaluation of the stability
of motion.

For theoretical studies of locomotive
spatial oscillations, we use a mechanical system
similar to the VL60 electric locomotive. The
calculation scheme is shown in Figure 1.

<&
<«
[

v

ST -
ver

Figure 1: Calculation Scheme

The following symbols are used in the scheme:

My — body weight;

My — the weight of the curb parts of the trolley;

Jx, Jr — moments of inertia of the body and the
trolley relative to the horizontal transverse central
axes respectively;

Js — a moment of inertia of the rocker relative to
the axis of rotation;

C; — stiffness of the side support of the central
suspension;

B> — coefficient of inelastic resistance of rubber
elements of the central suspension;

Ik — the distance between axes of wheel sets;

d — displacement of the center of gravity of the curb
parts of the trolley;

21 — the base of the rocker;

2Lk — the base of the body of an electric
locomotive;

a,b,r — distance from the elastic elements of the
central suspension to the transverse plane of
symmetry of the trolley;
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Zi — vertical translational movement of the center
of gravity of the body;

¢« — the angle of rotation of the body with respect
to the transverse horizontal axis passing through the
center of gravity;

Zr1, Zr» — vertical translational movements of the
center of gravity of the sprung buggy parts;

o1, P72 — angles of rotation of the clamped parts of
bogies relative to the horizontal transverse axes
passing through the centers of gravity;

@si — angles of turns of balancers (i = 1,2,3, ....6);

i — geometric unevenness.

The investigated electric locomotive VL60 is a
spatial system with many degrees of freedom, the
number of which is determined by the design of the
crew and the nature of the imposed links.

It is generally accepted to decompose complex
dynamic processes into simpler ones [61-64]. For
example, the electric locomotive oscillations are
considered separately along the planes. Introduced
simplifications are determined by the objectives of
the study and depend on what features of the
behavior of the system we are interested in.

As can be seen from figure 1 [65], the accepted
design scheme has 12 degrees of freedom under the
following assumptions:

- the inertial characteristics of the elastic elements
are negligibly small in comparison with the inertial
characteristics of the most important parts of the
crew and are therefore not taken into account;

- The main bearing elements of the crew under
study (body, the frame of trolleys, wheel pairs) are
represented by absolutely rigid bodies;

- the stiffness of rubber cones of central supports
constant;

- The locomotive moves at a constant speed along a
straight section of the track;

- The horizontal stiffness and the coefficient of
inelastic resistance of the path do not depend on the
magnitude and rate of its deformation;

- The wear of the shroud and rail is not taken into
account;

- it is considered that the wheel does not detach
from the rail, i.e. is considered without impact
movement at the butt jagged surfaces.

The features of the presented design scheme are:

- the presence of elastic bonds: vertical - in the
pedestrian suspension stage and horizontal -
between the body and the trolleys;

- allowance for the elastically dissipative properties
of the path as a function of the magnitude and rate
of its deformation;

- non-equal-elasticity along the length of the rail
link;

- the introduction of gaps in the pedestrian knot, as
well as between the crest of the shroud and the head
of the rail in order to account for the free run-up of
wheelsets.

The construction of mathematical models
describing the fluctuations of the railway crews is
carried out in two stages. On the first, a fairly
simple and adequate structure of the model is
chosen, and the second is the estimation of the
parameters of the latter [66-69].

When choosing the structure of the mathematical
model of the crew under study, it is necessary to
fulfill two contradictory requirements: on the one
hand, it is as accurate as possible to describe the
qualitative features of the crew structure and the
physical aspects of its oscillations, which leads to
obtaining complex and nonlinear mathematical
models, and on the other, to obtain a model that
allows , at least, hardware implementation, which
makes it necessary to build fairly simple
mathematical models.

When drawing up the schemes it is taken into
account that each wheel pair undergoes different
effects received from the side of the path at the
considered moment of time (Figure 2).

The body of the locomotive is symmetrical with
respect to the longitudinal and transverse planes.
The oscillations of bouncing and galloping occur
separately. The centers of gravity of the carriages
are offset relative to the transverse plane of
symmetry. Because of this, the oscillations of
bouncing and galloping of the trolleys are
interconnected.

The problem of choosing the structure of the
mathematical model of vertical oscillations of a
locomotive is solved by methods of classical
Newtonian mechanics [70] with the help of the
Lagrange control of the second kind:

oT
dl ——
or,) dt oU 04
— e+ =0 (9
dt or, or, P
S S ]/'S
where T- kinetic energy of the system at the

considered moment;
U — potential energy at the same time;

s, Ts, QS - generalized coordinates, speed, force;

@ — scattering function;

S — a number of degrees of freedom (S=12 for the
locomotive calculation scheme on pneumatic
suspension).
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Number Interaction of an electric locomotive and a road with irregularities
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Figure 2: Example of an image with the acceptable resolution
2 2 22
My Zk+Jy (DK+mT[ZT1+ZT2J
The expression of the kinetic energy of - 1
oscillations of an electric locomotive according to 2 S22 (6)
Koenig's theorem will be written in the form [71- +Jr| Prit P
72]:
6 2
+J5 Z D s
=]

The potential energy of the system:
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U:%kp@+€ﬁ;]
6 2 AK (7)
+ Z Z _[ QIK dA iK
i=l K=1 o
The scattering function has the form:
AiK
ﬂz zam Y j Fydy — ®

=]l K=1

The mathematical model of vertical
oscillations of an electric locomotive VL60 on a
metal suspension is as follows:

M,Z, +Z;[C15,. +C,0, + f, 5y,}:0

. 4 A
k¢ﬁ§iQQ&+Q&@+&5@=O
i=1
) A [Cléi +C,0, + f, 5y,]
m; ZTI_Z s s
- _ZZ 9!1{ +Ek
1

k=1 i=

1

{Bq5+kC§ +@@5ﬂ}

T(/)T1+z ) 3
+ZZ[ 91k+Ek)] 0
k=1 =1

” 4[cga.+c;@-+ﬁ25ﬂ}
mTZTz—Z s

- _iz gm +sz

k=1 i=1

1

Bﬁ@+h@@ﬁh@54

i
2
2

k=

Jr (/772+Z

etk + Ek )] 0

LMm

i

Jﬁ@i +Z[Gik (eik +F,-)]=O, J=1...,6 ©)
i=1

J¢j+HJ2(6ik +Fik)
+HJ=1,1 (0J+11 +FJ+11) 09 J:l,,,,,5

H,=H,=H,=Hg=0
Here, Hj, =Hy, =H, =H, =;
Hy, =H, =H, =H =

215 — base of rocker

@, — angles of swivel movements (J = 1,..., 5)

Elastic and dissipative forces in the spring
suspension stage

0, =C,A, :FTpSl'gl’l(Aikj (10)

Deflections of springs are determined by
the formula

Ay =n-2,+Gp5+ Ny +H,0,,

, J =1fori,k=1,2,2,1
(=123k=12 .
J =2 fori,k =2,2,3,1
(11

Ap=n,—2p,+Gu05+ Ny +H,0,,

) J =4 fori,k =4,2,-5,1
(i=456k=12
J =5fori,k=5,2,-6,1

The impact on the wheel was set in the
form of an unevenness

7, = Asin(wi —7,) (12)
Here i is the number of the wheel pair
A is the amplitude of the unevenness, cm

Initial phases characterizing the lag of the

vertical displacements », - of the second, third,

etc. wheel pairs in relation to the first in the
direction of movement of the locomotive

2,

G

where [, is the distance from the axis of the first

(13)

wheel pair to the axis of the sixth wheel pair;
[,; -length of unevenness

We rewrite the systems of differential
equations [10] in expanded form. For this, instead
of 81, we substitute expression
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0,=z,—z.,+D.@p,+B, i=12 SRS
i k21 P Pri ' (14) I = ZZ(gik n Fik)3
6, =z, —zp+ D + By, =34 k=t i=t
23 =z + G095
Then the first equation of the system is ZZCP +N. o, +H, 0
transformed into the form k=t =t k7T T
2 3
. + ZZFwign(Alkj
M k=1 i=1
Zk o (17
=—-6Cpz.,, + CnG, o
—ZC (zy =27 + D, + B,pry) Per kz:‘; Pufs
i=1
2 , 3 CpN 01,
+2.Ci(z, =z, + Do, + Bigpyr,) +
iZ:l: ;Z+ZZH1ka¢)JI
2 =1 i=1
+>» C(z, —z,+D.o_+k. 3 2 3
; ( k T1 ¢k ¢T1) (15) +2CPZ77, ZF Slgn(A j
X i=1 k=1 i=l
+ Z::l G,z —zn + D + kiprs) Introduce the notation
4 . . . .
+ ZIBZ(Zk— zn+D, o, + B, ¢;,) a;, =4C;a; = _2(C1 +C2)—6Cp,
i=1 4
2 _ _ , _ a;s ==2(C, +C);ay, = Clan
+Y Cy(zi—zn2+ E, @, + k. 91,) R
Pl a, :Cl(Bl+Bz)+C2(E1+E2)+ZZCpNik;
=1 =1
Or
g = CI(B3 +B4)+ Cz(E3 +E4);
. 5
Mk Zk+ (4C1 + 4C2 )Zk apy = ZCPGﬂ((Pm; ;g = Zk:l CpGy @5
. 2
—2(C+Cy)zpy + ClZDi¢k g = zk:1 Gy s

-1
t a113=cp(H +H, ) a114=Cp(H21+H12);

2 2
+ C ) B, +C,) E, |p
( 1; 2; J T1 (16) ——2Cp277, ZZF szgn[ )

k=1 i=1

+ (Cl z;Ei}/)m -28, 2T1—2ﬁ2 Zr (18)

4 . . Introduce the vector
+ 5, in o+ b, (kl +k, )(9T1

= x:[Zk7(pk7ZT17¢T172T27¢T27(p§17¢§27 j
+ ,Bz(k3 + k4 )(pn-}- 4ﬂ2 Zk D535 P545Ps55Ps56>P1>P2sP35Pa s Ps
b, =4p,,b,=-20,,b;,=-2p,,b, :ﬂz(kl +k2)

4
by = ﬂz(k3 +k4)’b12 = ﬁlZZEi
i=1
(19)

Transform the sums
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Then (16) and (19) can be rewritten in the 5. EXPERIMENT RESULTS

form % % When performing calculations of the dynamic and

v=Na x +3b x, = 20 running properties of the tr.olley, dlgltall pumerlcal

! ; =g ; X =S 20) realizations of the geometrical irregularities of the

rail threads were reasonably accepted. For
computer simulation, oscillograms of vertical and
a, =a, /M i horizontal irregularities of the railway track, taken
from full-scale railway lines are shown in Figures

Here, b, =b,, /M, 3-6. Several tools (Matlab, C++, Fortran) have been

f=fIM used for dynamic simulation of the developed
! k mathematical model. The model studied in
Section 4 is implemented in Matlab/Simulink

Similarly, transforming the remaining Pplatform which is a flexible dynamic simulation

equations of the system (9), we obtain environment for multi-domain simulation and

. . model-based design. A simple flow chart of the
x=Ax+By= f(t,x) (21) program is illustrated in Figs. 3-6.

a,mm

0 50 100 150 200 250 300 350 400 450 500 550 600 650 YOO

da,mim

S
N W

0 30 100 150 200 230 300 330 400 450 500 350 600 @30 VOO
Figure 4. Vertical irregularities of the left rail thread
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Figure 5. Horizontal irregularities of the right rail thread
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Figure 6. Horizontal irregularities of the left rail thread

Due to the fact that the considered sections of the
railway track with the presence of deviations of
degrees III-IV are considered unsatisfactory, the
level of amplitudes of digital realizations of
irregularities is reduced by 50% from the original
amplitudes of digital realizations.
Comparison of the recorded experimental data of
dynamic processes was carried out with the results
of computer simulation: in a curve with a radius of
350 m, with a rail head elevation of 100 mm (when
driving speed between 5 km/hour and 80 km/hour)
in a curve with a radius of 500 m, with a rail head
elevation of 100 mm (while driving with speeds of
20-100 km/hour) in the empty and loaded driving
modes with axle loads of 8.5 tf and 23.65 tf,
respectively.
The paper
indicators:

o wheel safety factors against derailment;

compares the following dynamic

o values of frame forces in shares of axial
load;

e coefficients of vertical dynamics on the
frame.

Graphic displays of the compared experimental
values and calculated data for the empty and loaded

wagon when moving in curves with a radius of 350
m and 500 m are shown in Figures 7-12.

9 = KW oM

Experimenta

Computer simulation

Mazimum permissible value

Figure 7. Comparison of experimental and
calculated data when driving an empty car in a
curve of a radius of 350 meters in terms of the

safety factor
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Figure 8. Comparison of experimental and
calculated data when driving an empty car in a
radius curve of 500 meters in terms of the safety

factor

m— Experimental valee

Compurier simulaon

= Maximum permissible value

Figure 11. Comparison of experimental and
calculated data when driving an empty car in a
curve of a radius of 350 meters according to the

values of the dynamics of the frame

s Experimenial valee

Compuler simulation

= Maximum permissible value

Figure 9. Comparison of experimental and
calculated data for the movement of an empty car
in a curve of a radius of 350 meters, the values of

frame forces in axial load fractions

=]
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Figure 10. Comparison of experimental and
calculated data for the movement of an empty car

in the curve of a radius of 500 meters, the values of

frame forces in axial load fractions

oo ke
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Experimental valwe
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Figure 12. Comparison of experimental and
calculated data when driving an empty car in a
curve of radius of 500 meters according to the

values of the dynamics of the frame

Thus, obtained using computer simulation, the

results show satisfactory

agreement with the

experimental data. This indicates the reliability of
the results obtained on the proposed mathematical
model, which provides the basis for the application
of the proposed computer model for solving
practical problems.

6. DISCUSSION AND CONCLUSION

In solving the problems of the dynamics of
machines, more and more attention is paid to the
variety of forms of dynamic interactions of the
elements of the systems, as well as to the
relationships that determine the functional features
of technical objects. A comparative review of

methodological positions in the consideration of

tasks related to the assessment and control of the
dynamic state shows that mechanical oscillatory
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systems are used as design schemes. A variety of
systems and features of the goals and objectives of
the calculation determines the diversity of research
methods and the choice of state parameters.

At the same time, it can be reasonably assumed that
the majority of mechanical systems are described
by differential equations that take into account the
mass-inertial and elastic-dissipative properties of
elements, links, or devices with lumped parameters
[8-14, 32, 35-40, 43-46, 73-75]. If systems have
nonlinear characteristics, as well as the distribution
of mass-inertia and elastic properties, then in such
cases simplified models are developed and applied,
ultimately based on the linearization of the
properties of the elements and their connections.
The tendency to consider the integral properties of
the elements forming the system is quite obvious,
which manifests itself in taking into account several
joint properties, such as spring mass, elastic-
dissipative connections, which can be viewed as
manifestations of emerging ideas about the
possibilities of creating some generalized
approaches dynamic systems in the processes of
signal transmission and conversion. In this sense,
the tasks of communication theory and control
theory may coincide, which in certain conditions
allows the transformation of signals and external
influences on dynamic systems to be considered
from a unified position.

One of the directions of forming a methodological
basis in technologies for solving dynamic problems
is the use of the analytical apparatus of the theory
of systems, systems analysis, and modeling
methods, in which structural representations of
technical objects occupy a large place, which is
based on the use of operator research methods. The
introduction of techniques and technologies used in
control theory and circuit theory is focused on the
construction of mathematical models that reflect
typical situations, standard signals and external
influences, causing appropriate reactions, which
creates a good basis for assessing the properties of
systems and comparative analysis.

In the present work, an attempt was made to
systematically analyze the existing methodological
positions in solving problems of a mathematical
model of vertical locomotive oscillations, which are
characterized by problems of reducing the dynamic
influence of external disturbing factors. Such an
approach predetermines, first of all, attention to the
methods and methods of constructing mathematical
models and the connection of these models with the
features of computational models, as well as with
the possibilities of simplifying models with the

subsequent use of structural methods of analysis
and synthesis characteristic of control theory.

The study of the vertical dynamics of locomotives
mainly involves two tasks: analysis of the influence
of dynamic parameters on the railway track and
evaluation of stability and traffic safety. The
adopted design scheme has 12 degrees of freedom.
The problem of the mathematical model of vertical
oscillations of a locomotive is solved by methods of
Newton's classical mechanics using the Lagrange
equation of the second type.

The stability of the computational process
shows that the wvertical oscillations of the
locomotive strictly depend on the form of the
function ¢ (Ac).

REFRENCES:

[1] Rosenberger, M., Plochl, M., Six, K., &
Edelmann, J. (Eds.). (2016). The Dynamics of
Vehicles on Roads and Tracks: Proceedings
of the 24th Symposium of the International
Association for Vehicle System Dynamics
(IAVSD 2015), Graz, Austria, 17-21 August
2015. Crc Press.

[2] Alonso-Mora, J., Samaranayake, S., Wallar,
A., Frazzoli, E., & Rus, D. (2017). On-
demand high-capacity ride-sharing via
dynamic trip-vehicle
assignment. Proceedings of the National
Academy of Sciences, 114(3), 462-467.

[3] Myamlin, S. V., Lunys, O., Neduzha, L. O.,
& Kyryl’chuk, O. A. (2017). Mathematical
Modeling of Dynamic Loading of Cassette
Bearings for Freight Cars.

[4] Péter, T., & Szabo, K. (2017). Combined

Mathematical Modeling of  Different
Transport Networks, Considerations and
Complex Analysis. Acta Polytechnica

Hungarica, 14(2), 7-26.

[5] Hassannayebi, E., & Zegordi, S. H. (2017).
Variable and adaptive neighbourhood search
algorithms for rail rapid transit timetabling
problem. Computers & Operations
Research, 78, 439-453.

(6] Cheli, F., Resta, F., Sabbioni, E., Tarsitano,
D., Cavaliere, F., Deva, D., & Termini, D.
(2016). Development of a mathematical
model to design the control system of a full
scale railway vehicle roller rig. In World
Congress on Railway Research (WCRR) (pp.
1-9).

[71 Wu, Q., Spiryagin, M., & Cole, C. (2016).
Longitudinal train dynamics: an
overview. Vehicle System Dynamics, 54(12),
1688-1714.

e ——
2816



Journal of Theoretical and Applied Information Technology ~
31% May 2019. Vol.97. No 10 N

© 2005 — ongoing JATIT & LLS

S/Mminl

ISSN: 1992-8645

WWWw.jatit.org

E-ISSN: 1817-3195

[8] Bogdevicius, M., Zygiene, R., Bureika, G., &
Dailydka, S. (2016). An analytical
mathematical method for calculation of the
dynamic wheel-rail impact force caused by
wheel flat. Vehicle system dynamics, 54(5),
689-705.

[91 Corman, F., & Meng, L. (2015). A review of
online dynamic models and algorithms for
railway traffic management. /[EEE
Transactions on Intelligent Transportation
Systems, 16(3), 1274-1284.

101 Palli, S., Koona, R., Sharma, S. K., &
Sharma, R. C. (2018). A Review on Dynamic
Analysis of Rail Vehicle
Coach. International Journal of Vehicle
Structures & Systems (IJVSS), 10(3).

[11] Bogdevicius, M., Zygiené, R., Dailydka, S.,
Bartulis, V., Skrickij, V., & Pukalskas, S.
(2015). The dynamic behaviour of a wheel
flat of a railway wvehicle and rail
irregularities. Transport, 30(2), 217-232.

[12] Spiryagin, M., Wolfs, P., Szanto, F., & Cole,
C. (2015). Simplified and advanced modelling
of traction control systems of heavy-haul
locomotives. Vehicle System Dynamics,
53(5), 672-691.

[13] Niu, G., Zhao, Y., Defoort, M., & Pecht, M.
(2015). Fault diagnosis of locomotive electro-
pneumatic brake through uncertain bond
graph modeling and robust online monitoring.
Mechanical systems and signal processing,
50, 676-691.

[14] Powell, W. B., Bouzaiene-Ayari, B.,
Lawrence, C., Cheng, C., Das, S., & Fiorillo,
R. (2014). Locomotive planning at Norfolk
Southern: an optimizing simulator using
approximate dynamic programming.
Interfaces, 44(6), 567-578..

[15] Sharma, S. K., & Kumar, A. (2017). Impact of
electric locomotive traction of the passenger
vehicle Ride quality in longitudinal train
dynamics in the context of Indian railways.
Mechanics & Industry, 18(2), 222.

[16] Kraft, S., Causse, J., & Coudert, F. (2015). An

approach for the validation of railway vehicle

models based on on-track measurements.

Vehicle System Dynamics, 53(10), 1480-

1499..

Uyulan, C., & Gokasan, M. (2018). Modeling,

simulation and re-adhesion control of an

induction motor-based railway electric
traction system. Proceedings of the Institution
of Mechanical Engineers, Part I: Journal of

Systems and Control Engineering, 232(1), 3-

11..

(17

—

2817

[18] Pogorelov, D., Yazykov, V., Lysikov, N.,
Oztemel, E., Arar, O. F., & Rende, F. S.
(2017). Train 3D: the technique for inclusion
of three-dimensional models in longitudinal
train dynamics and its application in
derailment studies and train
simulators. Vehicle System Dynamics, 55(4),
583-600..

[19] Omarov, B., Suliman, A., & Kushibar, K.
(2016). Face recognition using artificial
neural networks in parallel architecture.

[20] Sichani, M. S., Enblom, R., & Berg, M. (2016).

A fast wheel-rail contact model for application
to damage analysis in vehicle dynamics
simulation. Wear, 366, 123-130..

[21] Cole, C., Spiryagin, M., Wu, Q., & Sun, Y. Q.

(2017). Modelling, simulation and applications
of longitudinal train dynamics. Vehicle System
Dynamics, 55(10), 1498-1571.

[22] Sharma, S. K., Sharma, R. C., Kumar, A., &

Palli, S. (2015). Challenges in rail vehicle-track
modeling and simulation. International Journal
of Vehicle Structures & Systems, 7(1), 1.

[23] Olshevskiy, A., Olshevskiy, A., Kim, C. W., &

Yang, H. 1. (2018). An improved dynamic
model of friction draft gear with a transitional
characteristic accounting for housing
deformation. Vehicle System Dynamics, 56(10),
1471-1491.
[24] Omarov, B. (2017, October). Applying of
audioanalytics for determining contingencies.
In 2017 17th International Conference on
Control, Automation and Systems (ICCAS)
(pp. 744-748). IEEE.

[25] Xie, Y., & Song, D. P. (2018). Optimal

Dynamic Assignment of Internal Vehicle Fleet
at a Maritime Rail Terminal with Uncertain

Processing Times. In Operations Research
Proceedings 2016 (pp. 343-349). Springer,
Cham.

[26] Omarov, B. (2017, October). Exploring

uncertainty of delays of the cloud-based web
services. In 2017 17th  International
Conference on Control, Automation and
Systems (ICCAS) (pp. 336-340). IEEE.

[27] Xu, L., Zhai, W., & Gao, J. (2017). A

probabilistic  model for track random
irregularities  in  vehicle/track  coupled
dynamics. Applied Mathematical Modelling, 51,
145-158.

[28] Morales-Ivorra, S., Real, J. I., Hernandez, C., &

Montalban, L. (2016). Derailment risk and
dynamics of railway vehicles in curved tracks:
Analysis  of  the  effect of  failed




Journal of Theoretical and Applied Information Technology
31" May 2019. Vol.97. No 10

S

I

© 2005 — ongoing JATIT & LLS

" A mmmm—
S/Mminl

ISSN: 1992-8645

WWWw.jatit.org

E-ISSN: 1817-3195

[29]

[30]

[31]

fasteners. Journal of Modern
Transportation, 24(1), 38-47.

Solonenko, V., Mahmetova, N., Musayev, J.,
Kuashnin, M., Zhauyt, A., & Buzauova, T.
(2017).  2384. Modeling of dynamic
characteristics of freight car withoptimized
parameters of wedge-type shock
absorber. Journal of Vibroengineering, 19(2).
Kuka, N., Verardi, R., Ariaudo, C., & Pombo, J.
(2018). Impact of maintenance conditions of
vehicle components on the vehicle—track
interaction loads. Proceedings of the Institution
of Mechanical Engineers, Part C: Journal of
Mechanical — Engineering  Science, 232(15),
2626-2641.

Yang, C., Li, D., Zhu, T., & Xiao, S. (2017).
Assessment of numerical integration algorithms
for  nonlinear  vibration of  railway
vehicles. Proceedings of the Institution of
Mechanical Engineers, Part F: Journal of Rail
and Rapid Transit, 231(6), 729-739.

[32] Omarov, B. (2017, October). Development of

[33]

[34]

[33]

[36]

[37]

fuzzy based smart building energy and
comfort management system. In 2017 17th
International ~ Conference on  Control,
Automation and Systems (ICCAS) (pp. 400-
405). IEEE.
Hassannayebi, E., Zegordi, S. H., Amin-Naseri,
M. R., & Yaghini, M. (2018). Optimizing
headways for urban rail transit services using
adaptive particle swarm algorithms. Public
Transport, 10(1), 23-62.
Shrestha, S., Wu, Q., & Spiryagin, M. (2018).
Review of adhesion estimation approaches for
rail vehicles. International Journal of Rail
Transportation, 1-24.
Hofstadter, R. N., Zero, T., Dullinger, C.,
Richter, G., & Kozek, M. (2017). Heat capacity
and heat transfer coefficient estimation for a
dynamic thermal model of rail
vehicles. Mathematical and Computer
Modelling of Dynamical Systems, 23(5), 439-
452.
Placzek, M., Wrébel, A., & Buchacz, A. (2016,
June). Application of Piezoelectric Films for
Measuring Dynamical Response of Freight
Wagons During Exploitation. In /st Renewable
Energy  Sources-Research — and  Business
(RESRB-2016), June 22-24 2016, Wroctaw,
Poland (pp. 407-414). Springer, Cham.
Yang, Y., Zeng, W., Qiu, W. S., & Wang, T.
(2016). Optimization of the suspension
parameters of a rail vehicle based on a virtual
prototype Kriging surrogate model. Proceedings
of the Institution of Mechanical Engineers, Part

[38]

[39]

[40]

[41]

[42]

[43]

F: Journal of Rail and Rapid Transit, 230(8),
1890-1898.

Liu, X. Y., Alfi, S., & Bruni, S. (2016). An
efficient recursive least square-based condition
monitoring approach for a rail vehicle
suspension system. Vehicle System
Dynamics, 54(6), 814-830.

Cheli, F., Di Gialleonardo, E., & Melzi, S.
(2017). Freight trains dynamics: effect of
payload and braking power distribution on
coupling forces. Vehicle system
dynamics, 55(4), 464-479.

Domin, R., Domin, I., & Cherniak, G. (2017).
Estimation of dynamic performances of the safe
operation of high-speed electric train. Archives
of Transport, 41.

Moyar, G. J., Pilkey, W. D., & Pilkey, B. F.
(Eds.). (2015). Track/train ~ Dynamics and
Design: Advanced Techniques. Elsevier.
Mizrak, C., & Esen, 1. (2015). Determining
effects of wagon mass and vehicle velocity on
vertical vibrations of a rail vehicle moving with
a constant acceleration on a bridge using
experimental and numerical methods. Shock
and Vibration, 2015.

Aschauer, G., Gronalt, M., & Mandl, C. (2015).
Modelling interrelationships between logistics
and  transportation  operations—a  system
dynamics  approach. Management  research
review, 38(5), 505-539.

[44] Omarov, B., Altayeva, A., Turganbayeva, A.,

[45]

[46]

[47]

Abdulkarimova, G.,  Gusmanova, F.,
Sarbasova, A., & Omarov, N. (2018,
November). Agent Based Modeling of Smart
Grids in Smart Cities. In International
Conference on Electronic Governance and
Open Society: Challenges in Eurasia (pp. 3-
13). Springer, Cham.
Rusu-Anghel, S., & Ene, A. (2017, May).
Influence of typical faults over the dynamic
behavior of pantograph-catenary contact force
in electric rail transport. In IOP Conference

Series: Materials Science and
Engineering (Vol. 200, No. 1, p. 012056). IOP
Publishing.

Wei, Y., Ave, C., Liu, J., Belezamo, B., Aydin,
N., Li, P. T., & Zhou, X. (2017). Dynamic
programming-based multi-vehicle longitudinal
trajectory optimization with simplified car
following models. Transportation research part
B: methodological, 106, 102-129.

Kim, H. C., Shin, Y. J., You, W., Jung, K. C.,
Oh, J. S., & Choi, S. B. (2017). A ride quality
evaluation of a semi-active railway vehicle
suspension system with MR damper: Railway

e ——
2818




Journal of Theoretical and Applied Information Technology
31" May 2019. Vol.97. No 10

S

I

© 2005 — ongoing JATIT & LLS

" A mmmm—
S/Mminl

ISSN: 1992-8645

WWWw.jatit.org

E-ISSN: 1817-3195

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

field tests. Proceedings of the Institution of
Mechanical Engineers, Part F: Journal of Rail
and Rapid Transit, 231(3), 306-316.

Rezvani, M. A., & Mazrach, A. (2017).
Dynamics and stability analysis of a freight
wagon subjective to the railway track and
wheelset  operational  conditions. European
Journal of Mechanics-A/Solids, 61, 22-34.
Olshevskiy, A., Kim, C. W., Yang, H. 1, &
Olshevskiy, A. (2015). Wear simulation for the
centre plate arrangement of a freight
car. Vehicle System Dynamics, 53(6), 856-876.
Spiryagin, M., Persson, L., Vollebregt, E. A. H.,
& Cole, C. (2017, December). Comparison of
simplified and complete contact modelling
approaches in simulations of high adhesion
locomotives. In Dynamics of Vehicles on Roads
and Tracks Vol 2: Proceedings of the 25th
International Symposium on Dynamics of
Vehicles on Roads and Tracks (IAVSD 2017),
14-18 August 2017, Rockhampton, Queensland,
Australia (p. 613). CRC Press..

Hu, W., Mao, J., & Wei, K. (2017). Energy-
efficient rail guided vehicle routing for two-
sided loading/unloading automated freight
handling  system. European  Journal  of
Operational Research, 258(3), 943-957.

Péter, T., & Szabo, K. (2017). Combined
Mathematical Modeling of Different Transport
Networks,  Considerations and Complex
Analysis. Acta Polytechnica Hungarica, 14(2),
7-26.

Youssef, M. Z., Woronowicz, K., Aditya, K.,
Azeez, N. A., & Williamson, S. S. (2016).
Design and development of an efficient
multilevel DC/AC traction inverter for railway

transportation electrification. /EEE
Transactions on power Electronics, 31(4),
3036-3042.

Kin, B., Spoor, J., Verlinde, S., Macharis, C., &

Van Woensel, T. (2018). Modelling alternative
distribution set-ups for fragmented last mile
transport: Towards more efficient and
sustainable urban freight transport. Case Studies
on Transport Policy, 6(1), 125-132.

Sharma, S. K., Sharma, R. C., Kumar, A., &
Palli, S. (2015). Challenges in rail vehicle-track
modeling and simulation. /nternational Journal
of Vehicle Structures & Systems, 7(1), 1.
Rosenberger, M., Plochl, M., Six, K., &
Edelmann, J. (Eds.). (2016). The Dynamics of
Vehicles on Roads and Tracks: Proceedings of
the 24th Symposium of the International
Association  for Vehicle System Dynamics

[57]

[58]

[59]

[60]

[61]

[62]

(IAVSD 2015), Graz, Austria, 17-21 August
2015. Crc Press..

Bogdevicius, M., Zygiené, R., Dailydka, S.,
Bartulis, V., Skrickij, V., & Pukalskas, S.
(2015). The dynamic behaviour of a wheel flat
of a railway vehicle and rail
irregularities. Transport, 30(2), 217-232.

Kar, M. B., Kundu, P., Kar, S., & Pal, T.
(2018). A multi-objective multi-item solid
transportation problem with vehicle cost,
volume and weight capacity under fuzzy
environment. Journal of Intelligent & Fuzzy
Systems, (Preprint), 1-10.

Metin, M., Yiicel, M. E., Paksoy, M., & Cetin,
S. (2016, October). Controlling rail vehicle
vibrations using Magnetorheological damper.
In 3rd International Symposium on Railway
Systems Engineering (ISERSE’16).

Figueroa, M. (2018). Transportation systems
reliability analysis: modeling traffic subject to
incidents applying queueing theory (Doctoral
dissertation, Rutgers University-School of
Graduate Studies).

Xie, Y., & Song, D. P. (2018). Optimal
Dynamic Assignment of Internal Vehicle Fleet
at a Maritime Rail Terminal with Uncertain

Processing Times. In Operations Research
Proceedings 2016 (pp. 343-349). Springer,
Cham.

Bogdevicius, M., Zygiene, R., Bureika, G., &
Dailydka, S. (2016). An analytical mathematical
method for calculation of the dynamic wheel—
rail impact force caused by wheel flat. Vehicle
system dynamics, 54(5), 689-705.

[63] Altayeva, A., Omarov, B., & Im Cho, Y.

[64]

[65]

(2017, December). Multi-objective
optimization for smart building energy and
comfort management as a case study of smart
city platform. In 2017 IEEE 19th International
Conference on High Performance Computing
and Communications; IEEE 15th International
Conference on Smart City; IEEE 3rd
International Conference on Data Science and
Systems (HPCC/SmartCity/DSS) (pp. 627-
628). IEEE.
Kaewunruen, S., & Chiengson, C. (2018).
Railway track inspection and maintenance
priorities due to dynamic coupling effects of
dipped  rails and differential track
settlements. Engineering Failure Analysis, 93,
157-171.
Perboli, G., Rosano, M., & Gobbato, L. (2016,
July). Decision support system for collaborative
freight transportation management: a tool for
mixing traditional and green logistics.

e ——
2819




Journal of Theoretical and Applied Information Technology
31" May 2019. Vol.97. No 10

© 2005 — ongoing JATIT & LLS

S

I

" A mmmm—
S/Mminl

ISSN: 1992-8645

WWWw.jatit.org

E-ISSN: 1817-3195

[66]

[67]

In Proceedings of the 6th International
Conference on Information Systems, Logistics
and Supply Chain (ILS 2016), Bordeaux,
France (pp. 1-4)..

Sakellariou, J. S., Petsounis, K. A., & Fassois,
S. D. (2015). Vibration based fault diagnosis for
railway vehicle suspensions via a functional
model  based method: A  feasibility
study. Journal of Mechanical Science and
Technology, 29(2), 471-484.

Sakellariou, J. S., Petsounis, K. A., & Fassois,
S. D. (2015). Vibration based fault diagnosis for
railway vehicle suspensions via a functional
model  based method: A  feasibility
study. Journal of Mechanical Science and
Technology, 29(2), 471-484.

[68] Choi, y. (2019). Ontolgy-based mashup model

[69]

[70]

[71]

(721

(73]

[74]

[75]

for context-aware services in internet of things
application  environments.  Journal  of
Theoretical and  Applied  Information
Technology, 97(4)..
Naumov, V., Nagornyi, I, & Litvinova, Y.
(2015). Model of multimodal transport node
functioning. Archives of Transport, 36.
Gog¢men, E., & Erol, R. (2018). The Problem of
Sustainable Intermodal Transportation: A Case
Study of an International Logistics Company,
Turkey. Sustainability, 10(11), 4268.
Oztiirk, V., Arar, O. F., Rende, F. S., Oztemel,
E., & Sezer, S. (2017). Validation of railway
vehicle  dynamic  models in  training
simulators. Vehicle System Dynamics, 55(1),
41-71.
Agamez-Arias, A. D. M., & Moyano-Fuentes, J.
(2017).  Intermodal transport in freight
distribution: a literature review. Transport
Reviews, 37(6), 782-807.
Wang, P., Gao, L., Xin, T., Cai, X., & Xiao, H.
(2017). Study on the numerical optimization of
rail profiles for heavy haul
railways. Proceedings of the Institution of
Mechanical Engineers, Part F: Journal of Rail
and Rapid Transit, 231(6), 649-665.
Melnik, R., & Koziak, S. (2017). 2334. Rail
vehicle suspension condition monitoring--
approach and implementation. Journal of
Vibroengineering, 19(1).
Orman, A., DUZKAYA, H. Ulvi, H., &
Akdemir, F. (2018). Multi-Criteria Evaluation
by Means of Using the Analytic Hierarchy
Process in Transportation Master Plans:
Scenario Selection in the Transportation Master
Plan of Ankara. Gazi University Journal of
Science, 31(2).

2820




